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ABSTRACT

Worker exposures to perchloroethylene (PCE) necur m a large number of ndustnies where PCE 1s
used for organic solvent vapor cleaming (degreasmg) Selvent degreasing does not canstitute a
distinct indusirial category, but 1s an integral part of many major industries  This report exarmines
worker exposures to PCE during the [oading and unleading of parts, and the performance of an
open-top vapor degreaser  Aur samples for PCE were collected over three days of degreasing
operations The PCE concentralions measured 1n the building ranged from 00 1210 17 1 ppm A
teview of the sampling results showed that the ¢lectroplaters ulllizing the open-top vapor
degreaser were not exposed to perchloroethylene concentrations 1n excess of the OSHA PEL
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L. BACKGROUND AND PURFPOSE

The Natienal Institute for Occupanonal Safety and Health (NIOSH), working under an mnter-
agency agrecment with the Office of Regulatory Analysis of the Occupational Safety and Health
Admumstration (OSHA), 1s conducting a study to survey occupational cxposures lo
tetrachloroethylene, commonly known as perchioroethylene (PCE) in vapor degreasing (parts
cleamng) operations, and to document engineenng controls and work practices affecting those
exposures

This sudy will determine the extent of employee exposures and conirol technology n indusines
that utilize vapor degreasimg with PCE, thus providing OSHA with data [or 1ts analysis of the
technological [easibilily for a possible revision of the PCE regulations  The study will provide
mformation on PCE degreasing equipment currenily available to indusiry, engineering controls
available to industry, and work practices utilized to reduce employee exposures, use of personal
protective equipment, affected industnes, mamtenance procedures, and the extent of employee
exposures The three most comumonly uscd vapor degreasers include  open-top vapor degreasers
(OTVD), in-line vapor depreasers, and vacuum degreasers The Halogenated Solvents Industry
Alhance (HSIA} estimates that approximately 10% of the 344 mullion pounds of PCE salvent
used m the Umted Stales 1n 1998 was used for metal cleamng/degreasing ! However, the
industries using PCE and perceniages of degreaser Lypes utilizing PCE are not well defined or are
unknown at this tinic

The performance of a thorough industnal hygiene survey for a vanety of individual employers
will provide valuable and uscful information to the public and cmployers in the mdustnes
included in the work NTOSH has conducted 6 sampling surveys at 4 siles to document
engmeenng conlrols and the associaled worker exposures to PCE  The principal objectives of
this survey are

To wdentify and describe the control technology and work practices in use m degreasing
operations associated with potential occupational exposurcs to PCE, as well as
determining additional controls, work practices, substititte materials, or technology that
can further reduce occupational PCE exposures

To measure full-shift, personal breathing-zone exposures to¢ PCE  These samples will
provide cxamples of exposnres to PCE among workers across the many industries where
PCE degreasing 1s encountercd These exposure data, along with the cngineenng control
data described above, wall provide a piciure of the condihons i the selected industries

11 PERCHLOROETHY1.ENE (PCF) HEALTH EFFECTS

Perchlorogthylene 1s a non-flarnmable hgqumd with a molecular structure contamming two carbon
atoms and four chlorme atoms, a molecular weight of 165 8 (about 5 5 tumes as dense as air), a



bothing pomt 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 vertigo,
di1zzincss, nausca, narcosis, m-coordimation, headache, if exposures are high enough
unconsciousness and death may eccur), and direct contact with the liquid may impar the mucous
membranes, eyes, and skin 2° Chromic exposure to perchloroethylene has becn reported to cause
hiver damage and penpheral neuropathy mn humans, and hver carcinomas i expenmental
ammals * The International Agency for Research on Cancer (IARC) position regarding
perchloroethylene is that there 1s msufficient eprdemiefogical cvidence to establish the
carcinogenic nsk to humans

NIOSH considers perchloroethylene to be an occupational carcinogen, and recommends that
exposures be rcduced to the lowest feasible level ® The current OSHA permissible exposure
himits (PEL) for perchlorocthylenc are 100 parts per rmilion (ppm) measured as an 8-hour time-
weighted average (TWA), 200 ppm cerling and a maximum peak of 300 ppm for 5 minutes 1n
any three hours In 1989 OSHA lowered the PEL for perchloroethylene from 100 ppm to 25
ppin, but & 1993 federal court reversed this achon  Several states have retamed the 1989 hmal
The Amencan Conference of Governmental Industnal Hygicnusts (ACGIH) threshold it value
for PCE 1s 25 ppm averaged over an 8-hour period, and the 15-mmute short-term exposure linit
(S8TEL) 15 100 ppm  ACGIH lists perchlorocthylenc as an animal carcinogen {A3) and, bascd on
the available evidence, considers 1t unlikely to be a human carcinogen, except under uncommon
or unhkely routes and levels of exposure *

I11. METAL DEGREASING INDUSTRY BACKGROUND

Perchloroethylene exposures oceur 1n a large number of industries  Organic salvent cleaning
(degreasing) does not constitute a distinct industnal eategory, but 1s an integral part of many
major thdusines The three most commonly used halogenated solvenis are methylene chlonde,
perchloroethylene, and trichloroethylene In Nevember 1993, the Umted Stales Environmentzl
Protection Agency (EPA) published 1ts National Emissiwon Standards for Hazardous Air
Pollulants Halogenated Solvent Cleamng - Background Information Document’ In that
document, they report that the live 2-digit Standard Indusinal Classification (SIC) codes that use
the largest quantities of halogenated solvents for cleaning are SIC 25 (furmture and fixtures), SIC
34 (fabncated metal products), SIC 36 (clectric and electromc cquipment}, and S1C 39
(ruscellaneous manufactunng industries)  Additional industnes that vse halogenated solvents
for cleaning include SIC 20 (food and kindred produets), SIC 33 {(primary metals), SIC 35 {non-
electric machinery), and SIC 38 (instruments and clocks) Non-manufacturing industries such as
ralroad, bus, aircraft, and truck mamtenance facilities, automotive and electric tool repair shaps,
automabile dealers, and service stations (SIC 40, 41, 42, 45, 49, 53, and 75, respectively) also
use organic solvent ¢leaners The above may also mclude cold degreasing or metal cleaning
cperations In particular, the automobtle dealers and service stations would more Likely use PCE
as a cold degreaser than a vapor degreaser  The EPA cstimated that in 1991, there were about
2070 degreascrs using perchloroethylene m the U S’



Vapor degreasmg 1s an mdustrial process used to remove grease, o1, temporary coalings, and
dirt or other solids, where clean, dry surfaces arc required  The process 1s commonly used to
clean all types of metal and solvent resistant plastics and may be used at any stagc of a
manufactuning process to clean parts of varymg sizes, and parts contatning recesses, blind holes,
perforatiens, crevices, or welded seams  Vapor degreasing may cceur before pamting,
enamelmg, or lacquering, electroplating, inspection, assembly, or packing It can also be used
before and after machining, before further metal work, or treatment or other spceial apphications *
Due s increased vapor flushing and logher botling point (250° F) PCE solvent 1s typically uscd
to remove o1l and greasy soils which become more fluid and are more solublc at higher
temperatures * Many buffing compounds contain 2 waxy binder that 15 only solvent soluble at
gher tempcratures when 1t 15 molten  PCE 15 the best drying solvent because s lugh batling
pont (250° F) drives water off the workload rapidly 2

THEORY OF PROCESS - Open top vapor degreasers (GTVD)

Metal parts are ¢leancd 1n vapor degreasers by boiling cleamung solvent in the degreaser sump(s),
producing & heavy vapor Cold metal part(s} are intreduced to the warm vapor zone causing the
solvent vapor to condense on the surface of the cold part(s)

Open-top vapor degreasers consist of scveral sections

+  Atank - solvent 1s heated to a boul in the tank

* The vapor zone - arca immediately above the heated tank where vaporized solvent 1s
present The part(s) to he cleaned are held 1n the vapor zone untl they reach the
temperature of the vapor and surface contaminants are flushed off the part(s) by hiquid
solvent condensation At this point, condensation or flushing ceascs and cleaning 1s
complete The part 15 then removed from the unii clean and dry

+ Condensation coiis - vapors are condensed on the degreaser condensation coils thereby
preventing the vapors from escaping the degreaser  This forms a sharply defined
iterface between the solvent and air above the coils

* The frecboard - this 1s the area between the condensation cotls and the top of the
degreaser This arca provides additional control i containing the solvent vapor

The bmlt-mn heat balance provides an equilibrium whereby the coil condenses vapors as fast as
they are produced by the heaters in the boiling sump  The condensed vapors drip into the
collection trough and course through the water separator to the nnse sump and back to the first
sump to complete the “Distillate Tumover Cycle ™'®

Vapor degreasers are cqupped with water separators to remove water from the process Water
¢ntcrs a vapor degreaser through condensation of atmosphenc moisture  Water tn a vapor
degreaser increases cerrosion and contrnibules to lugher losscs because the PCE/water vapor has a
lower density then that of dry solvent The water sgparator operates on the pnnciple of gravity



separation, since water 1s ess densc and essentially immscible 1n PCE, the water floats to the
top The water 13 then dirceted towards disposal while the PCE 1s returned 1o the lank sump *

Stills are used to increase recovery of the cleaning solvent The shll can be operated batch-wise
ar conbinuously In continuous operation solvent 1s fed 1o the still from the degreaser boiling
sump and the distillate returns to the condensate reservour A float control 1s used 1o keep the
level of solvent i the still constant *

Other auxiliaty equipment commonly used for OTVDs wnclude refnngerated frocboard devices to
reduce soivent losses and carbon adsorption for removal of solvent vapor from the air ®

THEQORY OF PROCESS - Awless Vacuum Vapor Degreasers

This process 1s performed 1n an airless, elosed vacuum system where cleamng compounds are
used o their vapor or hquid state combined wath optional spray, tumbhing or soaking cycles to
completely remove contamnants such as grease, oil, wax or particulate matter from the part
surface Parts to be cleaned are loaded into a preheated degreasing chamber, the chamber1s
closed, sealed and evacuated The vacuum achieved s generally less than 5 torr [1 torr equals 1
millimeter (mm) Hg] After pump down, solvent 1s heated under vacuum pressure to opcrational
tcmperaturce and the heated solvent vapor 15 released from the vapor supply tank into the
degreasing chamber The vapors clcan the parts similar to the operations of a traditional vapor
degreaser The warm solvent vapors are cendensed on the surfaces of the cooler parts, dissolving
soluble centaminants, 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 1s necessary, the parts are sprayed with liquad
solvent to cocl them down, followed by a second release of vapor mnto the degreasing chamber
The clean/spray cycle could be repeated as many tmes as desired  After the cleaning cycles are
camplete, the selvent recovery process beging  Using a vacuum pump, the liquid solvent and
contaminants are drained frem the bottom of the degreasing chamber to the distillation chamber
By placing the chamber under a vacuum, virtually all of the remauining solvent 1s vaponzed and
removed from the degreasing chamber The degreasing chamber 18 then back-filted with ambient
air, and pumped down once more, this ime passing the exhausted air through a carbon filter to
remove traces of PCE before releasing 1t to the environment Finally, the chamber 15 again filled
with ambient air to atmospheric pressure and opened for parts removal Typical cycle times,
from parls loading lo removal from the degreaser chamber are 20 to 30 munutes The cleaning
process 1s controlled autornatically by a prograrnmable controller, normally rcqunng no operator
attention *

Vacuum or airless vapor degreasers consist of several components *
* Pumps - the pumps are used to reduce the system pressure from 760 torr (attmospheric
pressure) down tc the operating pressure of less than 5 torr
= Solvent storage tanks - the solvent storage tank 1s kept at ambient temperature The
vapor supply tank 1s maintained at operating temperature (~250°F)



» Instillation - sulls are used to mcrcasc recovery of the cleamng solvent  The
distillation eolumn 1s a jacketed pressure vessel At low system pressure, the solvent
boils at low temperature  Vapors are condensed 1n the distillation column and a sump
at the bottom of the column pumps the contaminants to a waste storage vessel Waste
from the system contains approximately 5% solvent, conventional open-top vapor
degreaser distillation waste contains approximately 30% solvent

» Cooling - cooling capacity 1s need to cool solvent to the hquid form for spraying and
to keep solvenl slorage tank at ambicnt temperature for efficient pumping

* Heating - electncal or steam heat 15 needed (o vaporized the solvent

= Airr -1srequired to operate door hits, actuate valves, and pneumatic pumps

» Electncal - electncal requirements are dependent upon whether the unit utihized an
elecinical boiler, challer, pumps si1ze, and size of the degrcasing vessel

» Cleaning chamber - part{s) to be cleaned arc held 1n the cleaning chamber until they
rcach the temperature of the vapor and surface contaminants are flushed off the part(s)
by hiquid solvent condensation

I¥. STUDY METHODS

Ths field study was conducted 1n accordance with 42 CFR 85a, the NIOSH regulations
goverang the mvestigation of places of employment

INDUSTRY AND PROCESS SELECTION

A preliminary revicw of information about degreasing technology was conducted and a plan was
then developed to assess worker exposures The pnimary critena [or inclusion 1 this study was
the usc of PCE as the degreasimg solvent, and the use of control technologies to reduce worker
exposures Other cniena used for plant sclection were, that the plant be a full-time aperation,
and that the planl management be wilhng to participate 1n the study

To deterrmne suitability for study, the plant management was contacted by telephone to request
participation and to obtam information necessary for scheduling a field visit Survey
participation by factlity management and individual employees was entirely voluntary The
sclection of the actual survey site was based upon the control technology informatton recerved
from the facility and any pcrtinent information received from industry groups, trade associations,
or other persons or orgamzations famihar with the facilitics  The mtent wuas 1o sclect facilities
that appeared to be typical (not necessarly representative) of that specific industry, not the best
or the worst A summary of the study protocol was provided to the plant management in advance
of the field survey



INFORMATION COLLECTION

The first day of the site visit was spent meeting with company persennel (company managemertt
and employces), conducting a walk through of the plant to begin the mdustrtal hygiene
assessment of exposure and control lechnology uscd 1n the degreasing operations, and to arrangc
sampling on the subsequent day The imitial walk-through survey was mtended to charactenze
potential expasure levels, and to identify workers for full-shift personal samplimg Employees
with the lighest patential PCE exposurcs 1n the degreasing area were the major focus of the site
visits and were selected for personal sampling Workers scleeted for sampling were bnefed on
the sampling procedures to be conducted Because the goal of this study 1s to asscss the effects
of cngineering controls and waork practices on PCE exposures, sample media were placed oulside
of any respiratory protective equpment worn by the worker

Pertinent data on the employer and the industry were also collected mcluding, company name
and location, number of employees by job title, products produced, processes used, and work
schedutes Information about the facility or building(s) included the type of building
consttuction, descriptions of general ventilation present, and ape of the facility Most of this
information, wlnle not mandatory for successful completion of the study, was helpful [or
understanding the operations and proccsses being samplad

At the diseretion of the industnial hygienist, additional area and/or background samples werc
collected using NIOSH Manual of Analytical Methods, Method #1003, photo-1onization detector
{PID), or other techmques, 1f dunng the course of an mvestigation 1t was deternuned that such
measurements would add to the uscfulness of the study

AIR SAMPLING METHODOLOGIES

This section summarnzes the sampling, analytical, and engineering evaluation mecthods used
dunng the coursc of this study to measure workptlace levels of PCE and methods used 10 asscss
the effectiveness of the available control technologies The effectivencss of the OTVD used at
thus facility was evaluated pnmarily by collecting personal breathing-zone (PBZ) air samples for
PCE during operation of the vapor degreasers PBZ samples were collected on the vapor
degreaser operator, the assistant operator, the core assemblers (clean room), the brazing furnace
operator, and the fan assembly operator

Persomal breatlung-zone air samples were collected to determine employees” full-shift, time-
welghted average, PBZ concentrations of PCE  Worker expesures were measured by placing a
battery-operated sampihing pump on the workers with the air sampler placed 1n the workers’
breathing-zone Samples were collected at a flow rate of 0 2 hiters per nunute (lpm) on sohd
sorbent, coconut shell, charcoal tubes, i accordance with NIOSH Method #1003 Saniples were
analyzcd for PCE by the NIOSH contract taboratory



Samplc data sheets were filled out by the field survey team to document all samples collected
[nformation contained on the sumple sheets included  facility name, facility location, process
name, worker 1dentificr (included only to allow the “matching” of samples from the samc worker
on different days), job utle and task performed, pump number, pump flow rate, start times, stop
times, and sample number In addition, any unusual conditions, work practices, and use of
personal protective equipment, and the number of workers at the facility 1n that particular job
classification, were also noted Data transmtted (o the Jaboratory immcluded samplc date, sample
number, a NIOSH 1dentification code, and a uuque sample location code The 1dentity of the
worker corresponding to the sample location codes are known only to NIOSH researchers

A second set of personal full-shift TWA measurements were collected separately using passive
“badge™ samplers This set of measurements consisted of samples collected concurrently wiih
thosc samples listed above and analyzed via NIOSH Method #1003 The simultaneous samphing
allows [or a companson of the two mcthods

CALCULATION OF ANALYTICAL RESULTS

For cach employee sampled, a full-shuft (up to 10-hour) TWA exposure to PCE was calculated
Assumng that no exposure occurred during the unsampled period means that the TWA 18
calculated using the following equation

CT,+C, I+ CT
sample time

TWA = (1)

Because most of the samples were single, full-shift samples, when the analysis of a sample
results in a value less than the it of detection (L.ODY) of the analvtical method, the LOD was
used to calculate the TWA, and the value(s) are reported as "at or below™ the calculated value
(e g, <005 mg/m’)

VIDEQ EXPOSURE MMONITORING

Video Exposure Momtoring (VEM) 1s 4 tcchmque that cmploys a video camera and a direct-
reading mstrument  Synchronization of the internal clocks of both the camera and the mstrument
1s requured  For this particular study, the MimRae 2000 Pottable VOC Morutor, Model PGM-
7600, (manufactured by Rae Systems Incorporated) served as the direct-reading instrument  The
MimRae 2000 15 a compact momior destgned as a broadband volatile orgamc chemical (VCOC)
gas momter and datalogger, capable of sioning the data measurements over one-second mtervals
It momters VOCs using a photoronization detector (PLDY) at an internally integrated flow rate of
450 - 550 mulliters per nmenute {(ml/mn) The resulhng concentration measurements were
downloaded (o a notebook personal computer immedately following the sampling session for
data storage



Degreaser operators were monitored dunng several exposure events using the VEM technique to
determune peak exposure events using the MimRae 2000 Peak exposure events are pmmanly
unloading/ioading operations, but could also include repair or maintenance operations which
could result in imncreased PCE exposure (¢ g , addition of PCE (0 ithe degreaser urut) The
MimniRae 2000 was calibrated on-site with a commercially procured 100 ppm 1sobutylene
calibration gas (a surrogate of known proportional response), and operated according to
manufacturers instructions The flow rates for the two MimRAEs used duning thesc surveys
were 533 ml/muin and 480 ml/min

Each exposure event was momtored for the duration of that event, and for a sufficient ttme prior
and subsequent 10 establish a background concentration such that 5, 10 and 15 minute average
exposures can he calculated  As the worker’s exposure was being collected, an 8mm video
camera mounted on a tnpod was recording the worker’s movemenis The exposures were later
combmed with the videotape and the data appear as a moving bar graph that 1s supenmposed at
the edge of the viewing screen The VEM techmique 15 an excellent tool for illustrating cause and
effect relationships 1n the working environment

ENGINEERING AND VENTILATION EVALUATION

A detailed description of the degreasing cquipment and auxihary equipment (¢ g still, carbon
filler beds, elc ) were obtained, as well as information about related mamtenance operations
including the frequency of those operations  Depending on the frequency of the activity and who
performs the activaty, 1t may be treated as mamntenance activity or as part of the operators’ normal
activittes Background information about the degreaser including the Lype of equipment (e g,
OTVD), the equipment manufacturer, the equipment design operation and performance
parameters (e g , automation, enclosurce, supcrheat, dishllahion umt, carbon absorbers, ete ),
ventilation, matenals or parts cleaned, maintenance or repair procedures (e g , sl clean-out) and
personal protective equipment used (e g , gloves, respirators) were gathered Plant and process
lavout diagrams were obtained from plant management and arc mncluded in the attachments

Like the information on processes, the summary of engineenng contrals 15 a nux of narrative
description and physical measurements The measurements mclude such 1tems as ventilation
flow rates and distance measurements The proximmty of the control systems to open doors or
windows, general ventilation mtakes and exhausts, and other interacting equipmernt (1 e , pedestal
fans) werc also noted The age and lustory of the control systems, cost of control installation,
mainienance practices, and operation and mamntcnance cosis are meluded 1f provided by the
fagility management

One technique used to evaluate the effectiveness of the local exhaust ventilation system was the
use of a smoke generator The Rosco, Model 1500 smoke generator was used to visuahze
airflow patterns at the lcading and unloading arca of the vapor degreaser  Addibonally, airflow
measurements were taken across the open section of the vapor degreaser associated with loading
and unloading of the vapor degreaser using a VelociCale Plus, Model 8386 arrflow meter



V. COMPANY BACKGROUND

This facilily 15 2 multi-faceted plating, abrasive blasting, and non-destructive inspection shop
with 36 metal fimshing processes involved mn the repair and refurbisiing ol arrcraft Metal
fimshing processes are conducted for wear replacement, corrosion protection, and surface
preparalion of aluninum, magncsium, copper, brass, titanium, sicel and stainless steel alloys
The vapor degreaser 1s located 1n the platmg area of the bullding which was renovated i 1993 at
a cost of approximately $15 million

A4 | VAPOR DEGREASING (Cleaning) PROCESS

A Detrex open-top vapor degreaser (OTVD), Model VS-2000-Special, Seral number 73544, was
utthzed at this facility for the parts cleaming operation  The umit was installed 1n 1996 and
modified [or PCE use in 1997 The exterior dimensions of the vapor degreaser are
approximately 13' 6" long by 4' 8" wide by 11' 2" hugh, and has a tank capacity of 255 gallons
The umt was equipped with two shiding panels that meet 1n the muddlc when closed The
degreaser s located n the plating department The top of the degreaser 15 42 inches above the
floor grating The degreaser has a work clearance area (opening) of 30 by 114 inches The
degreaser was loaded and unloaded from the top The shding pancls occupied a total area of
about 35 x 125 inches The vapor level 18 &' 6" below the top of the degreaser The degrcascr has
a single tank (sump) Two hoists are used to lower and raisc the cleaning baskets into and out of
the degreaser umt The host speed 15 not 1o exceed 11 feet per minute A review of the monthly
mspeetion records indicated that the two lioists travel at a rate of 8 7 and 8 5 feet per rmmuile
About 26 woarkers from the plating department, the blasting arca and non-destructive ispection,
utilize the vapor degreaser at this faciity

The solvent stifl was a Detrex Model MR-200-SW, Scnial No 73547 The extenior dimensions
of the still were approximately 6' 8" long by 4' 8" wide by 8’ 9" lhugh The tank had # capacity of
260 gallons The vapor degreaser was not equipped with a dedicated chiller system, but rather
was connected to the plating department chiller system

The Detrex vapor degreaser utihzed n this operation was an open top vapor degreaser (batch)
umui, cquipped with hoist for matenial handhng, solvent still, spray lance, water separator and hot
o1l umit {for super heated vapor (scc Figure 1) The superheated temperature was set to reach 265°
to 270° Fahrenheit (°F) When the unit was onginally purchased 1t was equipped wath a clulter
unit, but due to recurring maintenance problems the chiller was disconnected and the vapor
degreaser was connected to the plating department chiller The workers (electroplaters) using the
vapor degreascr manually loaded parts mto mesh mctal baskets of varying sizes, on wheeled
carts The cart and basket were then positioned 1n the aisle next 10 the degreascr and the howst
chain was attached to the cleaning basket The basket was then raised, moved via hoist, and
posttioncd over the OTVD opeming  The worker opened the shding panel doors, lowercd the
basket until the parts were within the vapor zone and closed the pancl doors  After the specified
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tme peniod the worker used the hand held spray lance to ninse the parts with PCE solvent The
total ime period of the cleamng cycle was dependent on the parts to be cleaned  After cleamng,
the basket was raised and brought back to the wsle, lowered on to the wheeled cart, and
lransported to the next operation

The PCE solvent was boiled 1 the degreaser sump, thereby gencrating a vapor several tunes
heavier than air  The vapor was condensed on the cucumicrential condensing coil and the
condensed distitlate was collected 1n a trough below the co1l The collechng trough was prtched
to one end of the tank so that the selvent condensate flowed via gravity to the water separator,
which 1n turn flowed to the offset distillation sump

The vapor degreaser was equipped with a freeboard salety vapor level control and sump safety
temperature control  Both are electncally wired to a heat input shut-off switch  Additionatly,
the degreaser has a low solvent level shut-off and safety temperature contred and has a freeboard
ratio greater than one These coutrols were miended to shut down ihe heating elements 1f PCE
vapors rise above the condensing ceils due to madequate cooling and are intended to prevent
improper operation of the vapor degreaser '

SOLVENT

Chemueal stabihizers were used to provent chemical breakdown of solvent and subsequent acid
formation Qver hume, the solvent stabilizers are depleted  To prevent acid formation the pH of
the degreaser PCE musi be tlested weekly and chermical stabilizers added as needed Acid
formation 1n the degresscr will cause many potential problems necessitabing shut down of the
unit for cleanout and repair It was indicated that about 5 gallons of stabihzer were added to the
system every two weeks

EMPLOYEE RESPONSIBILITIES

The cleaning of parls 1s necessary to remove dirt and o1ls from metal parts prior to electroplating
or other processes The vapor degreaser was utihzed by employees from many different
departments within the inspectton and plating shops The cleaning cycle time was dependent on
the paris bemng cleaned The workers generally remained at the degreaser during the cleanming
cycle, because the cycle iimes were generally ol a shorl duration and the worker generally used a
spray lance at the end of the cycle to rinse the part with PCE solvent Theoretically, the cleancd
parts shculd be dry when removed from the degreaser unit  The workers typically spent about
onc-half of one hour per shuft utihzing the vapor degreaser The remainder of the day was spent
in other areas of the inspection shop

One mdividual was respansible for ensuring that the vapor degreaser tank had adequatc PCE
solvent  An alternate person was responsible for addimg PCE to the degreaser umt when the
prmary individual was not availlable  Tymcally, one 55-gallon drum of PCE was added to the
degreaser sump approximately once per month  When the degreaser sump level approached 200
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gallons, the worker added onc 55-gallon drum of PCE to the degreascr solvent {ank A hand cart
was used to transport the 55-gallon drum of PCE to the vapor degreaser  An air pump hose with
leak proof couphings was mnserted mto the 55-galion PCE drum, the other end was connected to
the bottorn of the vapor degreaser boil chamber, making sure that the hosc was below the heating
co1l Solvent was pumped into the degreaser and when the drim was emptied the hose was
withdrawn, the drum sealed and removed to be propcrly disposed of  The worker wore safety
goggles, a hardhat with face shield to guard against splashes, a necprene apron, and neoprene
gloves

BUILDING VENTILATION

The vapor degreaser was located in a ground-floor room, dimensiens approximately 180 x 100" x
307, with 171 ather tanks 1in 11 rows The open-top tanks, many contaiming heated Liquid, were
used for cleaning, treating and plating parts Not all the tanks were m active use Tanks with
potential for release of hazardous airborne matenal were equipped with local exhaust venttlation
{LEV), which was 1n contimuous cperation The vapor degreaser had no LEV, but did have a
closeable top Walk-ways between tank rows were typreally steel gratings, open to the floor
belew The floor below contained pumps, piming, {anks, and other accessory apparatus
associated with the cleaning and plating tanks on the ground floor Alse, the exhaust ducts for
the LEV wcre located on the lower floor The exhaust fans and stacks for the LEV were located
outside the building, four at the east end of the bulding, and seven at the west end Conditioned
make-up air was supplied by four ceiling-level plenum runs having five diffusers each, umformly
distnibuted over the area of the room Unconditioned outside arr also entered the room through
four 7 5' x 7 5" louvered wall penetrations, whach were open durning our visit  There were cight
flaor fang 1 the room, including twa PoartaCool™ umts (portable caolmg fans)

VII. RESULTS AND DISCUSSION

The passive dosimeter samplers provided concentration measurements similar to the resulls of
the charcoal tube analyses A separate publication on the companson of these two methods will
be prepared snd will be provided when published The results of charcoal tube sampling 1s
provided below

PCE SAMPLE RESULTS

Table 1 presents the results of personal sampling for PCE during the sampling survey Personal
breathing-zonc air saniples and passive dosimetry samples were collected on the employees
utihizing or likely to uihize the vapor degreaser  Additionally, video-exposure momtoring of
cleamng cycles was conducted At the ime of the survey, no mamntenance operations were
conducted
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A total of seven different electoplaters participated 1n the sampling effort, some on multiple days
The electoplaters who uscd the vapor degreaser wore the fallowing personal protective
equipment and clothing safety glasses, face shiclds and gloves Aprons were available, however,
none of the workers actuzlly used the aprons

On May 15™ samiples were collected on five electroplatcrs from the beginming of the shili until
approximately 1 30 pm  Sampling was ended carly due to the fact that the vapor degreaser was
not operational because of a malfunctioning chifler The vapor degreaser used the blding
chiller system to operate the degreaser cooling cotls  Because the chiller was not operational the
vapor degreaser was never used on this day [t was indicated at the beginmung of the shaft that the
unil should be operational within a couple ofhours Typically, one to two hours arc required to
heat the PCE solvent to ats borling temperature  Consequently, the PCE Jevels measured on the
May 15% arc not considered typical worker exposures for this operation

On May 16" samples were collected on three electroplaters  The vapor degreaser was started at
7 45 am and required about 2 hours to get the solvent to operating temperature  The degreaser
was used for a total of approximaliely 55 munutes throughout the day Each of the three
electroplaters cleaned a single load and each spent about five lo eight mmutes i the degreascr
areca Electroplater #1 placed a load in the degreaser and left the area for hus lunch break  When
he returned he uscd the hand held lance to spray the basket of parts (while 1t was still within the
degreaser vapor zone), lefl the parts wilhin the free board area (o dry and then removed the parts
The worker spent a total of about 5 minutes within the vapor degreaser area

On May 17", samples were collected on four electroplaters  Three of the four utilized the vapor
degreaser during the shift The highest concentration was detected on electroplater #4, who spent
approximately one hour at the vapor degreaser cleaming parts  His TWA concentration for the
sample pertod (398 mmules) was 15 6 ppm  The lowest concentration for the sampling period

(¢ 21 ppmn) was on electroplater #0, who did not nsc the vapor degreaser during the sample
penod (4460 minutes) Electroplater #3 cleancd one load of parts and spent approximately 15
munutes at the vapor degreaser His TWA concentration for the sample period (458 nminutcs) was
0 87 ppm Electroplater #7 cleaned two loads and spent about two minutes per load at the vapor
degrecaser His TWA concentration was 0 65 ppm aver the 427 munute sample peniod A fifth
sample was collected on the 17" One 16-mmutc sample was collected on electraplater #3 to
assess short-term exposures during the parts cleaming process  This employee had a short-term
cxposure (16 minute samiple) of 17 1 ppm during the cleaning process, while hus full-shaft
exposure was (0 87 ppm averaged over the sample peniod (458 nmunutes) The OSHA PEL 15 100
ppm as an 8-hour TWA and 200 ppm as a 15-tmnute STEL
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Table 1

Perchloroethylene Degreaser Study - Site #3
Open-Top Degreaser Sample Results

May 2001 -
mle T m:: (ppm=)_
Time
(mmutes) | Charcoal Tube | Passive Dosimeter

5/15 | Electroplater #1 317 026 027
5/15 | Electroplater #2 321 037 039
5/15 | Electraplater #3 324 016 029
5/15 | Electroplatcr #4 316 093 104
5/15 | Electraplater #35 312 57 36
5/15 | General Area - msleway 274 0 3# NA
516 E]ectmI';Esr #3 1 4?‘5—__0"{2_-_#
5/16 | Electroplater #1 461 077 14
5/16 | Electroplater #5 457 065 16
5/16 | General Aroa - aisleway 478 19 NA
5/17 | Eleciroplater #6 446 021 023
5/17 | Eleciroplater #7 427 065 13
5/17 : Electroplaier #4 398 15 6 21

/17 | Electroplater #3 16 171 NA
OSHA 3-hour TWA PEL Criteria 100 100
ACGIH 8-hour TWA TLYV Criter1a 25 25

NA - not apphcable, matching sample was noi collccted
# - other analytes present 1n this sample mmcluded acelone, toluene, n-decane, 1,2,4-trimethyl
benzene, dichlorchenzene (unknown 1somer), and n-undecane
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OBSERVATIONS

Employees were requircd to reccive training and pass an examination on the proper operation
mcluding startup and shutdown ol the degreaser unit  Additicnally, cmployees were reqtured to
conduct daly and weekly checks of'a variety of operating parameters to ensure that the umt was
beng operated and mamtamed according to the manufacturer’s recommendations  The operators
daly cheeks include hoist speed, operation of the hiqnd solvent level and vapor level automatic
sump heat shut off, operation of the pnmary condenser, ensure degreaser panel doors are 1n place
during 1dling and downtime, and ensure panel doors completely cover the degreaser opeming

VENTILATION RESULTS

With all of the passage-ways to the plating room closed, a negative pressure of 0 23 mches (w g)
was measured 1n the plating room, with respect to both the outdoors and the adjacent room
withm the buslding

The degreaser was loaded and unloaded from the top by shding apart two panels that met in the
muiddle when closed The sliding panels occupied a total area of about 35 25 x 125 inches  Awr
speed and direction were determuned at 1.2 points about 1 inch from the cdge of the degreascr,
and about 0 5 inch above the opemng It has been recommended that drafts around the opemng
to an open-top vapor degreaser should be less than 30 ft/min, to mimpnze loss of vapor during
loading and unloading "' As shown 1n Figure 2, seven of the 12 measured air speeds exceeded
this criterion  The air speeds were measurcd with a TSI Velocicale®, Modcel 8386, using a 5
second averaging time per data point The flow dircetion was determined wath a smoke tube, and
was variable 1 scveral cascs

A MimRae 2000 Portable VOC Monitor®, Model PGM-7600, was used for about 30 minutes to
survey the perchloroethylene concentration near the degrcaser  The degreaser unit was on but not
1 active use at the time these measurements were collected (1 e , PCE tank was being heated, but
there was no active loading or unloading) The data, corrected for calibration with 1sobutylene,
are shown tn Figure 3A  Generally, the PID showed PCE ceoncentrations below 10 ppm where an
operalor’s breathing zone would normally be located (1403 of 1808 measuremcnts) However,
there were a number of places around the degreaser case where very high concentrations were
found, mdicating the likelthood of leaks im perchlorocthylene plumbing or contaiment
components The si1ze of the leaks was not determined, so their sigmificance 1s not clear  Figure
3B shows the number of PCE measurements collected during the this 30 minute penod and the
number of data ponls logeged in each of the concentration ranges shown
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VIII. CONCLUSIONS

The sampling results indicate that the employees utthzing the Detrex Vapor Degreaser at this
facility were not exposed to PCE 1n excess ol the OSHA PEL, nor the ACGIH TLV of 25 ppm
during the time of our site visit The PCE concentrations m the building could be reduced
threugh proper preventive maintenance

While not discussed 1n detail the passive dosimeter samplers provided results stmular to the
results of the charcoal tube analyses

I¥. RECOMMENDATIONS

The followng recommendations are offercd to reduce PCE concentrations and subsequent
employee expasures

1

To mimmuze the mflucnce of the immediate environment on the operation of the vapor
degreaser the umit should be located 1n a “*drafi-free position away from windows, doors,
heater blowers, and air intakes Drafts must not blow into the load/unload area ™"
Drafts around the opcming to an open-top vapor degreaser should be less than 30 ftimin,
to mimmuze loss of vapor dunng loading and unloading ! Figurc 2 shows that scven of
the 12 mecasured air speeds cxceeded this entenion  The source of the air disturbance was
not determuned, but efforts should be made to determine the source to chsure that air
speeds around the vapor degreaser opemng do not exceed the manufacturer’s
recommendations

The presence of heat sources near the degreaser unit can react with PCE emissions
forming other hazardous substances The Matenal Safety Data Sheet provided by the
PCE distributer 1ndicates that “This product may decompose when 1t coines 1n contact
with opcn flames, heating clements, electrical arcs (such as electrical motors) or
combustion engines Due to vapor density, sgnition sources distant from areas of
handhng matenal need to be considered ™ The MSDS indicates that “Decompaosition by-
products may include chlorine, hydrogen chlonde, carbon monoxide, carbon dioxide, and
poessiblc traces of phosgene ™

Employees should be sampled when adding PCE te the degreaser unit to determune short-
term exposure concentrations during this operation Contract employees involved n
degreaser clean-outs should be sampled to determine exposure levels associated with
degreaser clean-out operations

Comprehensive employee education 15 a key 10 proper operation of vapor degreasers

The degreaser aperators should recerve annual traimng 1o ensure that the vapor degreaser
operates at maximum cffictency Degreaser operators should be trained, not only n the
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operation of the vapor degreaser, but also on recognizing when routine preventive
mamntenance 15 Indicated  Routineg preventive mamntenance 15 second key ingredient to
proper operation of vapor degreasers Maintenance records indicated that for the 12-
month penod preceding the NIOSH visit the vapor degreaser had been out of servicec a
tolal of 11 imes Two of thosc times the degreaser was shutdown for clean-out of the
wt (August 2000 and March 2001)

A concentration of 20-30% o1l 1n solvent indicates that the solvent should be replaced and
the umit clcaned This operation 1s conducted by a contractor and requires that the umit be
shuldown, all solvent drained from the vapor degreascd, the mienor cleaned, and the
vapor degreaser filled with clean solvent Degreaser operators should be tramned 1o
recognize and test the solvent to 1nsure that the concentration of o1l 11 the solvent does
not exceed this level

To ensure that PCE vapors do not escape from the degreaser unit threugh preventable
lcaks, the vapor degreaser should be checked monthly using a direct reading instrmment to
detect PCE vapor lesks around the vapor degreaser  The MimRac 2000 Portable VOC
Monitor® data showed very ligh PCE concentrations at a number of locations around the
vapor degreaser, indicating the hikclihood of leaks in perchloroethylene plumbing or
containment components {see Figures 3A and 3B) PCE concentrations detected near the
degreaser where an operator’s breathing zone would normally be located were below 10

Ppm
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APPENDIX

Figure 1 - Degreaser umt showing aperator location, vapor zong and freeboard

Fipure 2 - Top view of vapor degreaser, showing air movement around the vapor
degreaser opening

Figure 3A - MimiRae data showing ppm fluctuations, reading taken one per sccond

Figure 3B - MuuRae data showwng concentration spectrum
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