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ABSTRACT

Warker exposures to perchloroethylene (PCE) occur m a large number of industries where PCE 15
nsed for organic solvent vapor cleaning (degreasing) Solvent degreasing does not constitute a
distincl indusimal category, but 1s an integral part of many major mdustries This report examines
warker exposures to PCE dunng the loading and unloading of parts, and the perfarmance of am
airless vacuum vapor degreaser Personal breathmg-zone wr samples for PCE were collected over
three days Samples collected 1n the PBZ of the workers ranged from 0 052 to Q 18 ppm A
1eview of the samphng results showed that the degreascr operators were not exposcd to
perchlorocthylene concentrations in excess of the OSHA PEL nor the ACGIH TLV

v



L BACKGROUND AND PURPOSE

The Natronal Institnte for Occupational Safety and Health (NIOSH), working under an inter-
agency agreement with the Office of Regulatory Analysis of the Occupational Safety and Health
Admimsstration (OSHA), 1s conducting a study to survey occupational exposures to
tetrachletoethylene, commenly known as perchloroethylenc (PCE) 1n vapor degreasing (parts
cleaming) operations, and to document engineening controls and work practices affecting those
EXPOSUICS

This stady wall determinc the extent of cmployee cxposures and control tcchnology 1n industrics
that utthze vapor degreasing with PCE, thus providing OSHA with data for its analysis of the
technologrcal feasibility for a possibie reviston of the PCE regulattons  The study will provide
mformation on  PCE degreasing equipment currently available to industry, cngincening controls
available to mdustry, and work practices utihized to reduce employee exposures, use of personal
protective equipment, afTected industries, mamtenance procedures, and the extent of employee
exposures The three most commonly used vapor degreasers include open-top vapor degrcasers
(OTVD), in-line vapor degreasers, and vacnum degreasers The Halogenated Solvents Industry
Alhance (HSIA) cstimates that approximately 10% of the 344 milhon pounds of PCE solvent
used m the United Statcs in 1998 was used for metal cleaning/degreasing ' However, the
indusinies using PCE and percentages of degreaser types ntulizing PCE are not well defined or are
unknown at this time

The performance of a thorough industrial hygiene survey for a vartety of individual cmployers
wil] provide valuable and nuseful information to the public and emplovers 1n the industnes
mcluded in the work NIOSH has conductled & sampling surveys at 4 sites to document
engincering controls and the associated worker exposures to PCE  The principal objectives of
this survey are

To 1dentfy and describe the control technology and work practices i use mn degreasing
operations associated with potential occupational exposures to PCE, as well as
determining additional contrals, werk practices, substitulc matenals, or lechnology that
can further reduce occupational PCE exposures

To measurc full-shift, personal breathing-zone exposures to PCE  These samples will
provide examples of exposures to PCE among workers across the many mdustnes where
PCE degreasing 15 encountered These exposnre data, along with the engineenng control
data desenbed above, wall provide a picture of the conditions 1n the selected industries

I PERCHLOROETHYLENE (PCE) HEALTH EFFECTS

Perchloroethylene 15 a non-flammable hquid with a molecular structure containing two carbon
atoms and four chlorme atoms, 4 molecular wetght of 165 8 (about 5 5 tumes as dense as atr), a



boiling pownt 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,
dizziness, nausea, narcosis, m-coordmaton, headache, 1f exposures arc hugh enough
unconsciousness and death may occur), and direct contact with the hiquid may impair the mucous
mcmbranes, eyes, and skin ** Chronie exposurc ta perchlorocthylene has heen reported to cansc
ltver damage and penpheral neuropathy 1n humans, and hiver carcinomas in experimental
ammals * The Tnternational Agency for Research on Cancer (IARC) position regarding
perchloroethylene 1s that there ts insuflicient epidemielogical evidence to establish the
carcinogenic sk to humans °

NIOSH considers perchloroethyiene to be an occupational carcinogen, and recommends that
exposures be reduced to the lowest feasible level © The current OSHA permissible exposure
limits (PEL) for perchloroethylene are 100 parts per million (ppm) measured as an 8-hour time-
welghied average (TWA), 200 ppm ceiling and a maxunum peak of 300 ppm for 5 minutes in
any three hours In 1989 OSHA lowered the PEL for perchloroethylene from 100 ppm to 25
ppm, but a 1993 federal court reversed this action Several states have retained the 1989 himit
The Amencan Conference of Governmental Industnal Hygemsts {ACGIH) threshold imut valuc
for PCE 15 25 ppm averaged over an 8-hour penod, and the 15-minute short-term exposure lioat
(STELj1s 100 ppm  ACGIH {ists perchloroethylene as an amimal carcinogen (A3) and, based on
the available evidence, considers it unhikely 1o be a human carcinogen, except under uncommon
or unlikely rontes and levels of exposure *

ITII. METAL DEGREASING INDUSTRY BACKGROUND

Perchloreethylene exposures occur mn a large number of industries  Organic solvent cleaning
(degreasig) does not constitute a distinct industrial category, but 1s an integral part of many
major mdusinics The three most commonly used halogenated solvents are methylene chlonde,
pcrchloroethylene, and trichloroethylene In November 1993, the Umied States Environmental
Protection Agency (EPA) published its National Ermussion Standards for Hazardous Aur
Pollutants Halogenated Solvent Cleaming - Background Information Document * In that
document, they report that the five 2-digt Standard Industnal Classification (SIC) codes that usc
the largest quantities of halogenated solvents for cleaning are SIC 25 (furmture and fixtures), SIC
34 (fabricated metal products), S1C 306 (electric and electronuic equupment), and S1C 3%
(miscellaneous manufacturnng mdustnes) Additional industnics that usc halogenated solvents
for cleaning include SIC 20 {{ood and kindred products), SIC 33 (primary metals), SIC 35 (non-
electric machimery}, and S1C 38 (instruments and clocks) Non-manufacturing industries such as
railroad, bus, arcraft, and truck maintenance facihitics, automotive and clectric tool repair shops,
automeobile dealers, and service stations (SIC 40, 41, 42, 45, 49, 55, and 75, respcetively) also
use organic solvent cleaners The above may also include cold degreasing or metal cleaning
opcrations  In paracular, the automobile dealers and service stations would more likely use PCE
as a cold degreaser than a vapor degreaser The EPA estimated that 1in 1991, there were about
2070 degreasers using perchloroethylene i the U S’



Vapor degreasing 1s an industral process used to remove grease, oif, temporary coatings, and
dirt or other selids, where clean, dry surfaces are required The process 15 commaonly used 1o
clean all types of metal and solvenl resistant plastics and may be used at any stage of a
manufactunng process to clean parts of varying sizes, and parts containing recesses, blind holes,
perforations, crevices, or welded secams  Vapor degreasing may occur before painting,
enameling, or lacquenng, clectroplating, inspection, assembly, or packing It can also be used
before and after mactuming, before further metal work, or {reatment or other spccial applications *

Due its increased vapor flushing and ligher boiling point {250° F) PCE solvent 1s typically uscd
to remave o1l and greasy so1ls which become more flund and are more soluble at higher
temperatures * Many buffing compounds contam a waxy binder that 15 only solvent soluble at
higher temperatures when 1t 1s molten PCE 1s the best drying solvent because 1ts high boiling
point (250° F) drives water off the workload rapidly *

THEORY OF PROCESS - Open top vapor degreasers (OTVD)

Metal parts are cleaned m vapor degreasers by boiling clcaning selvent in the degreaser sump(s),
producing a heavy vapor Cold metal part(s) are introduced 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 several sections

+ A tank - solvent 1s heated to a boil in the tank

= The vapor zone - area immediately above the heated tank where vaporized solvent s
present The parl(s) to be cleaned are held in the vapor zone until they reach the
temperature of the vapor and surface contamimants are fiushed off the part(s) by liquid
solvent candensation At this point, condensation or flushing ceases and cleaming 1s
complete The part 15 then removed from the umt clean and dry

= (Condensation coils - vapors are condensed on the degreaser condensation coils thereby
preventing the vapors from escaping the degreaser This forms a sharply defined
interface belween the solvent and awr above the coils

» The freeboard - this 15 the area between the condensation conls and the top of the
degreaser This area provides additional contrel in containing the solvent vapor

The built-in heat balance provides an equihbrium whereby the coil condenses vapors as fast as
they are produced by the heaters 1n the boiling sump The condensed vapors drp into the
collection irough and course through the water scparator to the ninse sump and back to the first
sump to completc the “Dhsullate Turmover Cycle ”#

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



separation, since water 1s less dense and essentially immuscible in PCE, the water floats to the
top The water 15 then directed towards disposal whilc the PCE 15 returned to the tank sump ®

Stills are used to increase recovery of the cleaning solvent  The still can be operated batch-wise
or ¢contimuously [n continuous operation solvent 1s fed to the stll from the degreaser boiling
sump and the distillate returns to the condensale reservorr A float control 15 used to keep the
level of solvent in the sti}l constant ®

Other auxiliary equpment commonly used for OTVDs mclude refrgerated freeboard devices 1o
reduce solvent losses and carbon adsorption for removal of selvent vapor from the ar *

THEORY QF PROCESS - Awnrless Vacuum Vapaor Degreasers

This process 15 performed 1n an airless, closed vacuum system where cleaning compounds are
used m thewr vapor or liqud state combined with optional spray, tumbling or soakimg cycles to
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 1), the
chambecr 15 closed, sealed and evacuated The vacuum achieved 15 generally less than 5 torr

[1 torr equals | omllhimeter (mm) Hg] Afler pump down, solvenl s heated under vacuum
pressure to operational temperature and the heated solvent vapor s released from the vapor
supply tank 1nto the degreasing chamber The vapors clean the parts similar to the operations of
a tradilional vapor degreaser  The warm solvenl vapors ate condensed on the surfaces of the
cooler parts, dissolving solible contamimants, and carrying them off into the hottom 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 cleanmng 15 necessary, the
parts are sprayed with hquid solvent to cool them down, [ollowed by a second releasc of vapor
mnto the degreasing chamber The clean/spray cycle could be repeated as many rimes as desired
After the cleaning cycles are complete, the solvent recovery process begins  Using a vacuum
pump, the hquid solvent and contammants are drained from the bottom of the degreasing
chamber 10 the distillation chamber By placing the chamber under a vacuum, virtually all of the
remainng solvent 1s vaponzed and removed from the degreasing chamber  The degreasing
chamber 1s then back-filled with ambient air, and pumped down once mare, this time passing the
exhausted air through a carbon filter to remove traces of PCE before releasing 1t to the
envirorunent  Finally, the chamber 1s again filled with ambient air te atmospheric pressure and
opened for parts removal Typical cycle times, from parts loading to removal from the degreaser
chamber are 20 ta 30 minutes  The cleamng process 1s controlled automaucally by a
programmable ¢ontroller, normally requiring no operator attention °

Vacuum or arrless vapor degreasers consist of several components *
* Pumps - the pumps are used to reduce the system pressure from 760 torr {atmespheric
pressure) down to the operating pressure of less than 5 torr
= Solvent storage tanks - the selvent storage 1ank 1s kept al ambient temperature  The
vapor supply tank 15 maintained at operating temperature (~2350°F)



+ DPastillation - sulls are used to increase rccovery of the cleaming solvent The
distillation column 1s a jacketed pressure vessel Al low system pressure, the solvent
boils at low temperature  Vapors are condensed 1n the distillation column and a sump
at the bottom of the colunn collects the contarminants which are then pumped to a
waste storage vessel Waste from the system contains approximately 5% solvent,
conventional open-top vapor degreaser distillation waste contains approxmmately 30%
solvent

* Cooling - cooling capacity 15 necd to cool solvent to the hiquid form for sprayving and
to keep solvent storage lank al ambient temperature for cfficient pumping

* Heating - electrical or steam heat 1s ngeded 10 vaporized the solvent

= A1 -1s required to operate door lifts, actuate valves, and pneumatic pumps

* Electnical - electnical requirements are dependent upon whether the umit ntilized an
electncal boiler, chiller, pumps si1ze, and size of the degreasing vessel

* Cleamng chamber - part(s) to be cleaned are held in the cleanimg chamber until they
reach the temperature of the vapor and surface contaminants are flushed off the part(s}
by hgud solvent condensation

IV. STUDY METHODS

Thus field study was conducted 1n accordance with 42 CFR 833, the NIOSH regulations
govermng the investigation of places of employment

INDUSTRY AND PROCESS SELECTION

A prelminary review of information about degreasing technology was conducted and a plan was
then developed 10 assess worker exposures The pnmary cnitenta for inclusion m this study was
the usc of PCE as the degreasing solvent, and the use of control technologies to reduce worker
exposures  Other cntena used for plant selection were, that the plant be a full-tme operation,
and that the plant management be willing to parucipate n the study

To delermune sutabihty for study, the plant management was contacted by telephone to request
participation and to obtain information necessary for scheduling a ficld visit  Survey
participation by facility management and individual employees was entirely voluntary The
sclection of the actual survey site was bascd upon the contrel technology information recerved
[rom the facility and any pertinent information received from industry groups, trade associations,
or other persons or organizations familiar with the facilites The intent was to selcet facilities
that appeared to be typical (not necessarily representative) of that specific industry, not the best
or the worst A summary of the study protocol was provided to the plant management 1n advance
of the field survey



INFORMATION COLLECTION

The first day of the site visit was spent meeting with company personnel (company management
and employees), conducting a walk through of the plant to begin the industnial hygiene
assessment of exposure and control technology used in the degreasing opcrations, and {o arrange
sampling on the subsequent day The inihal walk-through survey was intended to characterize
potenual exposure levels, and to dentify workers for full-shift personal samphing  Employees
with the highest potential PCE exposures in the degreasing arca were the major focus of the site
visits and were selected for personal samplhing Workers selected for sumpling were briefed on
the sampling procedures to be conducted Because the goal of this study 1s Lo assess the effects
of engmcenng contrels and work prachices on PCE exposurcs, sample media were placed cutside
of any respiratory prolective cquipment worn by the worker

Pertinent data on the employer and the industry were also collected including, company name
and location, number of cmplovecs by job title, products produced, processes used, and work
schedules Information about the facility or building(s) included the type of bwlding
construction, descriptions of general ventilation present, and age of the facihty Most of this
mformation, while not mandatory lor successful completion of the study, was helpful for
understanding the operations and processes being sampled

At the discrehion of the mdustnal hygienist, additional arca and/or background samples were
collected using NIOSH Maneal of Analytical Methods, Method #1003, photo-iomization detector
(PID), or other techniques, if during the course of an investigation 1t was determined that such
measurements would add to the usefulness of the study

AIR SAMPLING METHODOLOGIES

This section summanzes the sampling, analytical, and engineening evaluation methods used
during the coursc of this study to measurc workplace levels of PCE and methods used 1o assess
the effectiveness of the available control technologies The effectiveness of the OTVD used at
this facihity was evalnated primarnily by collecting personal breathing-zone {PBZ) ait samples for
PCE dunnyg operation of the vapor degreasers PBZ samples were collected on the vapor
degreaser operator, the assistant cperator, the core assemblers (clean room), the brazing furmace
operator, and the fan assembly operator

Personal breathing-zone air samples were collected to determine ecmployees’ full-shifi, time-
weighted average, PBZ concentrations of PCE  Waorker exposures were measured by placing a
battcry-operated sampling pump en the workers with the air sampler placed in the workers’
breathing-zone Samples were collected at a flow ratc of 0 2 liters per minute (Ipm) on sohd
sorbent, coconut shell, charcoal tubes, 1n accordance with NIOSH Method #1003  Samples were
analyzed for PCE by the NIOSH contruct laboratory



Sample data sheets were filled out by the ficld survey leam to document all samples collected
Information contained on the sample sheets included  facility name, facility 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 times, slop
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 1o that partrcular job
classification, were also noted  Data transmitted to the laboratory included samnple date, sample
number, a NIOSH 1denulication code, and a unrque samplc location code The 1dentity of the
worker correspending to the sample location codes are known only to NIOSH rescarchers

A second set of personal full-shuft TWA measurements were collected separately using passive
“badge” samplers This sct of measurements consisted of samples collected concurrcntly with
those samples histed above and analyzed via NIOSH Methed #1003 The simultaneous samphing
allows for a comparison of the two methods

CALCULATION OF ANALYTICAL RESULTS

For each employee sampled, a full-shift (up to 10-hour) TWA exposure to PCE was calculated
Assuming that no exposure occurred during the unsampled period means thal the TWA 1s
calculated using the following equation

CT+CL+ 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 Iimit of detection (LOD) of the analytical method, the LOD was
used to calculate the TWA, and the value(s) are reported as "at or below" the calculated value
(c g, <0 05 mg/m®)

VIDEO EXPOSURE MONITORING

Video Exposure Menitoring (VEM) 15 a techmque that employs a video camera and a direct-
reading instrument Synchromezation of the imternal clocks of both the camera and the instrument
15 required  For this particular study, the MimRae 2000 Portable VOC Menitor, Model PGM-
7600, (manufactured by Rae Systems Incorporated) served as the direct-reading instrument  The
MiniRae 2000 1s a compact monitor designed as a broadband velatile orgame chemical (VOC)
gas monutor and datalogger, capable of storing the data measurements over one-second intervals
It momtors VOCs using a photoriomzation detector (PID) at an mternally integrated flow rate of
450 - 550 milliters per munutc (ml/min) The resulting concentration measurements were
downloaded 1o a noiebook personal computer immediaiely following the sampling scssion for
data storage



Degreaser operators were momlored duning several exposure events using the VEM techmque to
determine peak exposure events using the MimRae 2000 Peak exposure events are pnmarily
unloading/foading operauions, but could also include repair or mamtenance operahons which
could result 1n inercascd PCE exposure (e g, additon of PCE to the degreaser urnl) The
MiniRae 2000 was calibrated on-site with a commercially procured 100 ppm 1sobutylene
calibration gas {a surrogate of known proporttonal response), and operated according to
manufacturers instructions The flow rates for the two MimRaes used dunng these surveys were
533 ml/min and 480 ml/mm

Each exposure event was momtored for the duration of that event, and for a sufficient time prior
and subscquent to establish a background concentration such that 5, 10 and 15 minute average
exposures can be calculated As the worker’s exposure was bemg collected, an 8mm video
camera mountesd on a tnipod was recordimg the worker’s movements The exposures were later
combined with the videoiape and the data appear as a moviag bar graph that 1s superimposed at
the edge of the viewing screen The VEM techmque 15 an cxcellent tocl for illustrating cause and
effect relationships 1m the warking environment

ENGINEERING AND VENTILAFION EVALUATION

A detailed deseription of the degreasing equipment and auxiliary cquipment (e g still, carbon
filter beds, etc } were obtained, as well as information about related maintenance operations
mcluding the frequency of those operations Depending on the frequency of the activity and who
performs the activity, it may be treated as maintenance activity or as part of the operators® normal
activites Background ifermation about the degreaser including the type of equipment (e g,
OTVD), the equipment manufacturer, the equipment design operation and performance
parameters (¢ g , automation, ¢nclosure, superheat, distillation umt, carbon absarbers, etc ),
ventilgtion, materials ar parts cleaned, mamtenance or repair procedures (e g , still clean-out) and
personal protective equipment used (e g , gloves, respirators) were gathered Plant and process
layout diagrams were obtained from plant management and are mcluded in the attachments

Like the information on processes, the summary of engineering controls 13 a mix of narrative
description and physical measurcments The measurcments nclude such items as ventilation
flow rates and distance measurements The proximity of the control systems to open doors or
windows, general ventilation intakes and exhausts, and other interacting equipment (1 e, pedestal
fans) were also noted The age and history of the control systems, cost of control installation,
maintenance practices, and opcration and maintenance costs are wcluded 1f provided by the
facihity management

One technique used to evaluate the effectiveness of the local exhaust ventilation system was the
use of 2 smoke generator The Rosce, Model 1500 smoke generator was used to visnahze
arrflow patterns at the loading and unloading area of the vapor degreaser Additionally, arrflow
measuremcnts were taken across the open section of the vapor degreaser asseciated with loading
and unloading of the vapor degreaser using a VclociCale Plus, Model §386 airflow meter



V. COMPANY BACKGROUND

Site #4 was founded v 1950 and has been at 1ts present location for 43 years The company s a
parts cleaning job shop having cold and vacuum degreasing capabilities In addition to parts
clcaming, Site #4 offers impregnation capabilities to solve malenal porosity problems Clean
surlaces arc & requirement for the impregnation process, so the degreaser and impregnation
operations are complementary Parls handling and primary processing activities took placc on
the ground floor of the 3-story facility (Figure 2} Office activities were located on the second
floor, while auxihiary components of the impregnation system extended tnto the basement The
vacuum and cold degreasers were located entirely on the ground floor The ground floor
dimensions were about 70" x 65' x 12' (L x W x H) A 10" x 10" garage door provided access to
the street outside  Two full-tume employees operated the degreasers and umpregnation sysicms
Rescarch on the degreasing and impregnation processes was conducted by a laboratory technician
1n a room on the ground floor

VAPOR DEGREASING (Cleaning) PROCESS

Site #4 utilized two vapor degreasers 1n 115 operations A vacuum degreaser was utihized for
most parts cleaning jobs and a cold vapor degreaser was utihized for some cleaning jobs PCE
was the solvent used in each of the degreasers PCE typically cleans better than all other
chlormated solvents ® This 1s due to increased vapor flushing and the higher boiling point (250°
F} Onl and greasy so1ls are more flind and more soluble at mgher temperatures  Many buffing
compounds contain a waxy binder that 15 only solvent soluble at kigher temperatures when 1t 1s
moliten PCE and other chlorinated vapor degreasing solvents combine with water to form an
azcotrope, a nuxture that boils at temperatures lower than the boiling point of the individual
components PCE 1s the best drying solvent because its mgh boilng pomt (250° F) dnves water
off the warkload rapidly *

BASICS - Vacuum Degreasing

The system of pnmary interest at Site #4 was the airless vacuum degreaser Parts to be cleaned
were loaded mto a degreasing chamber (Figure 1) The basic process 18 described 1n Section TI1
(Aurless Vacuum Vapor Degreaser) The chamber was closed, sealed and evacuvated The
vacuum achieved 1n degreasing chamber was less than 5 torr  Heated PCE solvent vapor was
released from (he vapor supply Lank mto the degreasing chamber The warm solvent vapors
condensed on all surfaces of the cooler parts, dissolving soluble contammnants, and carmrying them
off into the bottom of the degreasing tank As the vapor condensed on the hot parts they heat up
until condensation ceases [f further cleaming was necessary, the parts were sprayed with liquid
PCE to cool them down, followed by a sccond release of vapor into the degreasing chamber The
clean/spray cycle could be repealed as many times as deswred  After the cleamng cycles were
completed, the solvent recovery process began Liquid solvent was dramcd from the bottom of
the degreasing chamber te the vapor supply tank  Using a vacuum pump, the solvent vaper was
removed from the degreasing tank throngh a heat exchanger, where 1t was condensed, and then



returned to the solvent holding tank Because of the low pressure achievable with the vacuum
pump, virteally all of the remaimng solvent was vaporized and removed from the degreasing
tank The degreasing tank was then back-filled with ambient air, and pumped down once more,
this time passing the cxhausted air through a carbon filter to remove traces of PCE beforc
releasing it to the environment  Finally, the chamber was again filled with ambient air to
atmospheric pressure and opened for parts romoval  Typical eycle times, from parts loading to
removal from the degreaser are 20 to 30 munutes Between the time thal Lhe parts are loaded and
the degreasing tank is closed, until the time the tank 1s opened again for parts removal, the
clcamng process 15 controlled automaticaily by a programmable controlier, normally requinng no
aperator altention

Theorctically, because air does not centact the solvent (PCE} 1n a vacuum degreaser, the
problems causcd by condensation of watcr vapor imo the systcm, such as corrosion and increased
solvent loss, are considerably reduced, compared to open-top degreasers *

BASICS - Cold Degreasing

A special cold degreasing operation was conducted on some radiators prror to cleaning them n
the vacuum degreaser The purposc was to flush out particles remaiming inside the cores after
thetr manufacture Simee PCE was used for cold degreasing as well as vacuum degreasing, any
hiquid sotvent remamning after cold depreasing would be remaved by the vacuum degreasing
aperahion, leaving a clean and dry part  The use of the cold degreasc 15 necessitated by the fact
that the vacuum degreaser could not rehably remove particles in the intenor of the cores because
the intenor surfaces could not be reached by the spray system 1n the vacuum degreaser

The cold degreaser, built by Site #4, consisted of a manifold to which the inlet and outlet of each
radialor was attached (Figure 3) The PCE hquid solvent was pumped from a 55-gallon drum
mto one end of the manifold, and could be made to flew erther senally or individually through
each radiator to the other end of the mamfold, where it exated via a hose back 1into the same 55-
gallon drum The flow was matntained 1n each radiator for several munutes

Since the PCE was not heaied aud 1ts vapor pressure was relatively low, the cold degreasmg
process contribuied little above the background concentration However, making connections
between the radiators and the plenum invelved manual contact with the PCE, with the potential
[or skin exposures, unless appropriate gloves were worn

MAINTENANCE

As previously mentioned, the liquid solvent that condenses on the parts being cleancd 1n the
vacuum degreaser falls to the bottom of the degreasing chamber, and flows hack to the vapor
supply/distillation tank (VS/DT), carrying dissolved and particulate contammartion with it The
PCE 1n the V5/DT must be penodically distilled to remove the soluble dit This s
accomplished by heating the VS/DT and pumpmg the PCE vapors mto the clnlled solvent
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holding tank, where they condense as clean solvent (some apparatus not shown m Figure 1)
After the PCE evaporaies, the remaining higher bovhing peint hquid 1s drained from the V8/DT,
along with the particulate sediment, and disposed of as hazardous waste Since most of the PCE
has been evaporated from this waste maternial and recovered m the solvent holding tank, hitle
PCE 1z lost 1n this process  Howcever, some fresh PCE must occasionally be added to the solvent
holding tank to maintain an operational level  Rust inhibitors, acid controlling, or other
chemicals may also be added to this supply tank penodically The required frequency of these
maintenance operations depends greatly upon the condition, nature and number of parts being
cleancd

The carbon filter located i the exhaust line to remove trace levels of PCE during the final pump
down of the degreasing chamber must also be maintained The saturated carbon med:ia must be
replaced with a fresh carbon filter and the used media must be disposed of as hazardous waste
The carbon filter was exhausted to the room environment This 15 not a recommended practice
and should be corrected

BUILDING VENTILATION

Dunng our visit, the 10' x 10" garage door at the front of the bmiding was open during business
hours, providing for considerable exchange of outside and ground floor air  An adjacent wood
product manufacturing cstablishment exhausted fumes from gluing and painting operations into
an alleyway separating the two buildings, resulling 1n an apparent infiltration of these fumes mto
the facility under some weather conditions  In toen, Site #4 had a three foot diameter exhanst fan
located 1n a window opening on this same alley It had a ¥ HP motor, with a rated volumetric
flow of 10,910 CFM a1 0" static pressure A floor fan was 1n operation near the back of the
ground floor, directing air toward a processing tank Therc was a space heater on the ground
floor, but no provision for air conditiomng  The laboratory also had a small exhaust {an,
normally off, servicing & hood used to exhaust enussions from chemistry experiments  For the
second floor, air conditioning was provided by a unit mounted on the roof The roof unit had an
outside air inlet ncxt to the above-mentioned allcy

SOLVENT

A stabilized solvent s used 1o prevent chemical breakdown of solvent and subsequent acid
formation Over time, solvent stabilizers are depleted To prevent acid formation the pH of the
degreaser PCE must be tested weekly and chermeal stabilizers added as needed  Acid formation
1 the degreascr will cause many poicntial preblems necessitating shut down of the unii for clean
out and repair

EMPLOYEE RESPONSIBILITIES

The cleaning of parts ts necessary to remove contarmnants from part surfaces  This facility runs
one 8-hour shill during which the airless vaenum degreaser may be eperated The degreaser
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operator and assistant operator place the parts to be cleaned directly 1nto cleanung baskets The
cleaning basket 1s placed on a wheeled cart for transport to the vacuum degreaser The cart 15
placed next to a wheeled conveyor and the operator or assistant moves the parts basket into the
cleaning chamber Using the computer control panel, the operator closes and seals the chamber
and then starts the cleamng cycle Cycle imes are dependent on the parts to be cleaned Dunng
thc cleanming cycle the worker(s) leave the immediate vicimity of the vacuum degreascr to preparc
loads for cleaming or to unload the previcusly cleaned parts  Theoretically, the clcaned parts
should be dry when removed [rom the degreaser unit  The degreaser operator and assistant
operator typically spent about one and one-half to two hours per shifl at the vacuum degreaser,
the remainder of their day was spent unpacking parts to be cleaned, placing parts to be clean into
clcamng baskets, removing cleaned parts from the cleaning baskets, and repackaging clcaned
parts to be scnt back to the customer The degreaser solvent 1s tested for acidity cvery week 1o
determine the pH of the solution  The degreaser foreman 1s responsible for adding PCE to the
degreaser unit and typically adds about 10 to 20 gallons a year to the unit

VII. RESULTS AND DISCUSSION

Charcoal tube sample results are provided below  The passive dosimeter samplers provided
concentration measurements sinular to the charcoal tube resulis A separate publication on the
companson of these two methods will be prepared and wall be provided when pubhished

PCE SAMPLE RESULTS

Personal breathing-zone air (PBZ) samples and passive dosimetry samples were collected on the
two employees utuizing the vapor degreaser, and on the Laboratory Technician working in a
room adjacent to the degreaser area Addihwomnally, video-exposure monitonng of same cleaning
cycles was conducted At the ime of the survey, no mamntenance operations were conducted

Tahle 1 presents the results of PBZ air samples collected for PCE dunng the samphing survey
Charcoal tube sample results indicate that employee exposures were well below the OSHA PEL
of 100 part per miullion (ppm) for PCE Samples collected 1n the PBZ of the workers ranged from
(¢ 052 ppm to 0 18 ppm for the three days of sampling

On August 1 and 2, only the Serec airless vacuum vapor degreaser was utilized for parts

cleaning The Degreaser Assistant did most of the loading and unloading of parts and
consequently he had the lnghest exposure concentrations on both days, followed by the
Laboratory Techmcian, und the Degreaser Foreman PCE concentrations dunng these two days
ranged from 0 052 ppm up to 0 12 ppm The Laboratory Techmeians exposure was the second
highest for these two days The laberatory was located 1n an enclosed room adjacent to the vapor
degrcaser (Figure 2)  The eperation of the Jaboratory exhaust fans may have pulled air from the
vapor degreaser area mto the laboratory
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Table I

Perchlorocthylene Degreaser Study - Site #4
Vacuum Degreaser Sample Resnits

August 2001

_—

Date Job/Location Sample Concentration (ppm)
Time '
(mmuies) | Charcoal Tube l Passive Dosameter

81 D;greas;Foreman 480 0072 0071

8/1 Degreaser Assistant 479 012 0095

8/1 Lab Tech 469 0098 0097

872 Degreaser Fore;an - 1 385_ E]_USZ - -Nor_igetectable
82 Degpreascr Assistant 385 0090 0 088

82 General Area @ Charcoal Filter 87 0079 NA

8/2 Lab Tech 312 0054 Non-detectable

—_— - - 1 0 1 condeleemhe
—__ﬁ_*

8/3 Degreaser Foreman (Fullshift) 287 00735 Non-detectable
B/3 Degreaser  “ (cold) 199 (082 NA

B/3 Degreaser  © (vapor) 86 0039 NA

8/3 Degreaser Assistant {Fullshift) 288 013 012

813 Decpreascr “ (cold) 203 018 NA

8/3 Degrecaser ' {vapor) 83 0057 NA

OSHA B-hour TWA PEL Criteria 100 100

ACGIH 8-hour TWA TLV Critena 25 25

NA -not apphcable, matching sample was not collected

On the moming of Augusi 3, a cold degreasing operation was conducted to clean the interior of
radhators (described earher in thus report) prior to extenor cleamng using the Serec airless
vacuum vapor degreaser later in the day To distingiush beiween exposures resulting from the
cold degreasing operation and those resulting from the vapor degreasing operation, three separate
samples were collected on both the degreaser foreman and the degreaser assistant  One sample
was collected aver the entire shuft to determine the workers full-shift exposures A second
sample was collected dunng the cold degreasing operation to detenmine the warkers exposures
dunng that operationt. When the coid degreasing eperation was complete the second samples
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were replaced with a third sample to determine the exposure resulting from the vapor degreasing
operation The sample resulis indicate that worker exposures durmg both cold degreasmg and
vapor degreasing were less than 1 0 ppm compared to the OSHA PEL of 100 ppm and the
ACGIH TLV of 25 ppm  Sample results dhd indicate that exposures during cold degreasing were
about 2 to 3 imes higher than exposures during vapor degreasing

GENERAL ARFEA RESULTS

A survey of environmental PCE concentrations was conducted during busincss hours A
MimRae 2000 photoiomzalion detector was carnicd througheut the building over a period of
about one hour on August, 1, 2001, while the instrument readings were recorded 1n vanous areas
The MiniRae 15 used to determine when and where higher concentrations may be present in an
arca and the concentrations recorded are refative concentrations The veadings reported below
are mgher than the personal breathimg-zone reported an Table 1, and may be duc imstrument
response to the presence of additional volaule orgame chemicals m the areas where readings
were collected On the first ficor, the concentration ranged from 2 3 to 3 0 ppm, assuming PCE
was the sole cause of mmstrument response  On the ground floor, including the laboratory, the
concentration ranged from 4 O to 14 ppm  In the basement, the concentration vaned from 14 to
23 ppm In the adjacent dnveway, the concentration vaned from 0 to 2 § ppm, measured as PCE,
but probably caused by some other unknown compound, apparcntly onginaunyg from the
woodworking operations next door  Periodic measurements of the concentration were made jusi
upwind of the open garage door throughout the day The readings were always zero, or very
close to zero at this location, which was the pnmary source of outside air for the ground floor Tt
seems likely then that the MimRae readings taken inside were caused by an intemal source This
interpretation would be consistent with the pervasive odor of PCE throughoult the ground floor
and basement, although odor 15 not a reliable imdication of exposure, because of considerable
mdividual variaiion 1 odor threshold for thns chemical

Durng these general area measurements, onc significant localized source was found This was
the otttlet to the carbon filter, which was intended to remove trace concentrations of PCE from
the air releasced to the environment dunng the final evacuation of the vacuum degreasing
chamber The PCE concentration at this point was greater than 1425 ppm, a full-scale reading
for the MimRae The filter consisied of a 55 gallon drum filled with charcoal The air to be
filtercd entered at the bettom of the drum and exited at the top The volumeinc air flow rate at
the exit was about 12 ¢fim duning the exhaust ¢ycle of the vacuum degreaser The charcoal
through which the air was flowing was apparently saturated with PCE, passibly as a result of
channeling of the flow, or because the filter media was overdue for replacement At this pont,
the PCE concentration would nermally be cxpected to be nearly undetectable using the MimiRae
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VENTILATION DISCUSSION

The primary means for supplying air to the work area was the use of natural ventilation, that s
opening the garage doors and the use of a window exhaust fan A pedestal floor fan on the
ground floor was located near the wall opposite to the garage door, and was directed 1nto a back
comer of the room However, 1t mainly re-circulated the room air and did not improve the
ncursion and mixing of outside air with the mildly conlummated room air

VIII. CONCLUSIONS

Sample results indicate that workers operating the awrless vacuum vapor degreaser and the cold
degrcaser were not cxposed to PCE 1n excess of the OSHA PEL of 100 ppm, nor the ACIGH
TLV 0f 25 ppmn  Awrbome PCE concentratiens dunng the NIOSH survey werc less than one
ppir  The airless vacuum vapor degreaser provided excellent control of PCE vapor emissions
from the process However, general and local exhaust venttlation of the work area should be
thoroughly cvaluated

IX. RECOMMENDATIONS

The following recommendations are offered to improve ventilation of the work area  An
cngieering firm with expertisc 1n industnal ventilation should be consulted to determine which
options [or improving general ventilation of the buldimg would be most feasible from a technical
and cconomical standpomt

1 The Serec airless vacuum vapor degreaser exhaust was connected to a carbon filter outlet
which dumped the exhaust directly mto the work area after filtration The carbon filter
outlet should be ducted direcly to the outdoors instead of allowing potentially
contaminaled air to be remtroduced into the work room  Exhausting potentially
contaminated air to the outdoors may require an EPA permut and should be mvestigated
Addihonally, regular maintenance and replacement of the charcoal filter bed should be
conducted

2 The degreascr unit should also be located away from or 1solated from heat sources The
presence of heat sources ncar the unil can react with PCE emussions formng other
hazardous substances The Matenal Safety Data Sheet provided by the PCE disinbuter
indicates that “This product may decompose when 1t comes i contact with open flames,
heating elements, electrical arcs (such as electrical motors) or combustion engines Due
to vapor density, 1gmition sources distant frem areas of handling matenal need to be
considercd ' The MSDS indicates that “Decomposition by-products may include
chlorne, hydrogen chloride, carbon monexide, carbon dioxide, and possible traces of
phosgene
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Employees responsible for adding PCE to the vapor degreaser should be sampled to
determimne their PCE exposure concentrations when addng solvent to the vapor degreaser
The degreaser operators should be trained about the potential hazards of exposure 1o PCE
and the employees conducting this work should be provided with appropnate personal
protective clothing, such as safety plasses, lace shield, neoprene apron, and neoprene
gloves, to prevent dermal exposure and to protect the eyes Unfil 1t can be shown that the
workers conducting this operaticn arc noi at nisk of exposure to concentrations higher
than the OSHA PEL, the employces should be provided with un organte vapor respirator
The OSHA regulations requite that a formal respiratory protection program be estabhshed
when providing employees resptratory protection

Degreaser operators should reccive annual traiming to cnsure that they arc thoroughly
famiiar with s operation and to ensure that it operates al maxmmum efficiency
Preventrve mamntenance, routine mamtenance, and comprchensive employee education
are key to proper operation and maintenance of the vapar degreaser The cmployees
should be trained 1n the operation of the vapor degreaser and how to recogm»e when
maintenance 1s indicated Employees will then be able to alert the department foreman of
operational problems when they occur

The PCE concentrations measured were well below the OSHA PEL for PCE, however,
1mmproving general ventilation of the work areas should be cxplored in-depth with a
ventilation consultant expenenced m ndustrial ventilation applications  The proper
option should be implemented after considering the trade-offs and practicalities

If an improved general ventilation for the work area 1s considered, the following features
should be included a) the ventilation system for the laboratory should be integrated with
the make-up and exhaust air systems for the production areas to prevent the exchange of
air between the two areas, under any ventilation conditions, and h) the office space should
be mamtaned, at all imes, at a positive pressure with respect to the production arcas and
laboratory areas

A floor pedestal fan located on the ground floor near the wall opposite to the garage door
was directed toward a back corner ol the room  The an served mainly lo re-circulate
room air and did not improve the incursien and mixing ol outdoor arr with the mmldly
contarmnated room air  If the fan had been located at the garage door apeming and
dirccted towards the back wall, 1t could be used to improve the exchange of outdoor air
with the contammnated air, thereby reducing the contaminant concentrations throughout
the ground [loor However, the use of fans 1n this manner 1s not a recommended means
for cantrotling PCE cancentrattans wn the building and this option would not be avalabic
during cold weather months

Dunng warm weaiher months when all of the overhead and side doors to the bulding are
open to provide natural vennilation, there 1s adequate makeup a1r available for ventilation
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of the bmlding However, dunng the cold winter manths the amount of make-up air
provided to the balding will be Tirmuted, 1o conserve energy, by keepinyg the hulding
doors and windows closed There are several options for providing make-up air to the
bumlding dunng the cold winter months  First, outside air entering the binlding can be
preheated with exhanst ar exiting the bullding using an air-io-air heat exchanger
Maintenance of the heat exchanger wouid be required  Second, ducted make-up air conld
be provided to the building with no air-to-atr heat exchanger Because of street traffic
emissions and emmssions from neighbonng busmesses, the make-up air should preferably
come from a roof level inlet  This option would have a lower mitial cost, lower
Thaitenance costs, but higher operating costs
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APPENDIX

1 FIGURE 1 - Arrless Vacuum Degreasing System Diagram
2 FIGURE 2 - Plant Dhagram, Ground Floor
3 FIGURE 3 - Cald Degreaser Ihagram
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