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INTRODUCTION

Undetr the authority of the Occupational Safety and Health Act of 1970 (Public
Law 91~-596), the National Institute for Qecupational Safety and Health
{RIOSH), located in the Department of Health and Human Services (formeriy
DHEW), conducte research to prevent occupatiomnal safety snd health prohlems
This legislation mandated NIQSH to conduct a number of research and educaticn
programs separate from the standard setting and enforcement functioms carried
out by the Dccupaticnal Safety and Health Administraticon (OSHA) in the
Department of Labor An important area of NIOSH research deals with methods
for controlling occupational exposure to potential chemical and physical
hazards The Engineering Control Technology Branch (ECTB) of the Division of
Physical Sciences and Engineering has been given the lead within NIOSH to
study the engineering aspects of health hazard prevention and control

Since 1976, ECTE has conducted a number of assessmentg of health hazard
contrel technology on the basis of industry, common industrial process, or
specific control techniques Examples of these completed studies include the
foundry industry, varlous chemical manufacturing or processing operations,
spray painting, bictechnology processes, and the reclrculation of exhaust air
The obhjective of each of these studles has been to document and evaluate
effective control techniques for potential health hazarde in the industry or
procese of interest and to create a more general awareness of the need for or
availability of an effective system of hazard control measures

These studies involve a number of steps or phases  Initially, a series of
walk-through surveye is conducted to select plants or processegs with effective
and potentially transferable control concepts or technigues Hext, in-depth
surveys are conducted to determine both the contrel parameters and the
effectiveness of these contrnls The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
effective hazard control measures  Ultimstely, the information from these
research activities builds the darabase of publicly available Information on
hazard contrel techniques for use by health professicnals who are responsible
for preventing occupational i1llness and injury

This particular research effort {the subject of this in-depth survey) was
prompted by the growing cencern of the hazards of methylene chloride and the
need for technical advice to furniture strippers  For years, methylene
chloride and methanol have been the primary censtituents in paint stripping
salutions Methylene chloride provides the furniture stripper with an
effective and efficient paint remover This project will evaluate the
technology available for the control of hazardems substances in furniture
stripping applications, particularly methylene chloride vapors

Tri-County Furniture Stripping and Refinishing was selected as a site to
conduct an in-depth survey hecause of the methylene chloride based paint
stripper used in their dip tank and the wentilation system that was installed
at the facility The ventllation system was designed for this facility
because of the need to further reduce exposures to methylene chloride in the
facility



Thiz report c¢ontains results of the in-depth survey, conclusions, and
recommendations relevant to the opevations at Tri-County Furniture Stripping
and Refinishing The recommendations, if followed, can help lower worker
exposure to methylene chloride vapors

PLANT AND PROCESS DESCRIPTION

PLANT DESCRIPTION

Tri-County Furniture Stripping and Refinishing was founded in 1978 This
facility currently employs six full-time men, inclusive of the co-owners Two
persons regularly strip futrnlture on a daily basis and the other four perform
refinishing operations The furniture stripping area ¢ccuples 300 square feet
of the 1,500 square footr work area

PROCESS DESCRIPTION

This workplace is divided into three areas  furniture stripping, spray
painting, and the workshop area  Paint stripping is performed on pieces of
furniture to be refinished ag well as unfinished This facllity strips and
refinishes furniture on a continuous basis throughout the workday Furniture
stripping does generate congiderable paint sludge which is collected by the
owners who pay for its pickup and disposal through a contractor  Several 55
gallon drums of salvents are stored outside the garage door to the stripping
area

Many furniture stripplng solutions are pre-formulated solutiong that are
transferred to their process equipment by pouring or pumping In some
instances, raw materials are purchased in bulk guantities and subsequently
mixzed on site both for use at this facility and for consumer and franchise
sales

Paint from furnlture is stripped by dipping the object in an open tank
containing the appropriate stripping solution, by spraylng or brushing
recycled stripper on the surface of the furniture in a large open tank
(Flow-Over, System), by a combination of these two methodz, or by manual
applicaticn of the stripper to the furniture There is little standardizarcion
in the industry due to the diversity in size, constructiocn, and finish of
items to be stripped and type of stripping solution used

Tri-County Furniture Stripping and Refinishing mixes their own stripping
solutions  They generally follow the "0ld DuPonr" formulatlen which includes
methylene chleride, methancl, acetone, xylene, toluene, and sodium hydroxide
Recently the facility started using liquid € with ingredients of methylene
chloride, perchloroethylena, 1,1,1-trichloraethane, and toluene Liquid C
makes up 5 to 10 percent of the stripping solution in the dip tanok and is
added as a temporary filler when the solution in the tank is low  Paint 1s
ptripped from furniture by depositing the object into a dip tank In some
instances a heated caustic scoda solution dip tank is used on finishes for
which methylene chloride is marginally effective  Enamel painted doors,
windows, and shutters are normally stripped in this tank
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POTENTIAL HAZARDS

Potential chemical hazards in the furniture stripping industry are found
primarily during the actual handling and stripping of the furniture  Other
exposure sources may include the rinsing of the furnirure afrer stripping, the
mixing or transferring of stripping solution, the evaperation of solution, or
the evaporation of soclution off furniture after stripping The major routes
of entry of methylene c¢hloride and other solvents inta the body include
inhalation of vapors and absorption of the liquid through the skin  The
severity of the hazard depends on the formulation of the stripping sclutien,
type of operation {i e , dip tank, flow-over syatem, hand stripping), work
practices, duration of exposure, temperature, ventilation (i e , type of
system, location relative to worker, air patterns, and flow rates), and
general workstation design

Health effects studies of methylene chloride exposure have been focused on
three primary areas effects on the central nervous system, effects on
cardiovascular morbidity and mortality, and induction of cancer in exposed
workers ‘' Most recently, research has shown methylene chlorlde as a possible
reproductive toxicant ¥ In addition, solvents are known teo affect liver
function, some studies suggest that this effect occurs secondary to methylene
chloride exposure  Repeated skin contact with methylene chloride may cause
dry, scaly, and cracked skin At high airborne concentrations {greater than
500 ppm}, vapore are Ilrritating to the eyes and upper respiratory tract
Direct contact with the liquid can cause skin burns Methylene chloride is a
mild narcotic Effects from intoxication include headache, giddiness,
stupor, irritability, numbmess, and tingling in the amms and legs The
reports of odor threshold range from 25-350 ppm ‘%

Methanol has very simllar central nervous system sffects to methylene

chloride Breathing very high concentrations may produce headache, weakness,
drowsiness, light-headedness, nausea, vomiting, drunkenness, itrritation of the
eyeg, blurred vision, blindness, and even death Methanol may also cause
liver and kidney damage 'V

Perchloroethylene, toluene, and 1,1,1-trichloroethane were ingredisnts in the
temporary filler liguid C which makes up 5 to 10 percent of the stripping
solution Breathing high concentrations of perchloroethylene may produce
headache, nausea, drowsiness, dizziness, incoordination, and unconsciousness
It may also cause Irritation of the eyes, ncse, and throat, and flushing of
the face and neck Long-term exposure effects may include damage to the liver
and kidneys

Breathing high concentrations of toluene may Include shert-term effects of
irritation of the eyves, respiratory tract, and skin Other short-term effects
may include fatipgue, wezkness, confusion, headache, dizzlness, and drowslnpess
Very high concentraticns of toluene may cause unconsciousness and death

The short-term effects from high concentrations of 1,1,l-trichleorcethane may
include headache, dizziness, drowsinese, unconscionsness, irregular heart
beat, and death  Prolonged or repeated contact may cause irritation of the



gkin Also reproductive sbunormalities have been moted in studies of animsls
exposed to high concentrations 'V

ENVIRONMENTAT, CRITERTA

As a guide to the evaluation of the hazards resulting in workplace exposures,
NIOSH field staff employ envirommental evaluation criteria for agsessment of a
number of chemical and physical agents These c¢riteria are intended to
suggest levels of exposure to which most workers may be exposed up to 10 hours
per day, 40 hours per week for a working lifetime without experiencing adverse
health effects It ig, however, important to note that not all workers will
be protected from adverse health effects if their exposures are maintained
below these levels A small percentage may experience adverse health effects
because of individual susceptibility, a pre-existing medical conditlon, and/or
4 hypersensitivity (allergy) In addition, some hazardous substances may act
in combination with other workplace exposures, the general environment, or
with medications, or personal habits of the worker to produce health effects
evernl 1f the occupational exposures are contrelled at the level set by the
evaluation criterin  These combined effects are often not considered in the
evaluation criteria Also, some substances are absorbed by direct contact
with the skin and mucous membranes, and thus potentlally increase the averall
exposure  Finally, evaluation criteria may change over the years as pew
information on the toxic effects of an agent become available

The primary sources of envirommental evaluation criteria in the United States,
that can be used for the workplace, are NLOSH Recommended Exposure Limits
(REL) and the U 8 Department of Labor (05HA) Permissible Exposure Limits
{PEL}) The OSHA PELs are required to consider the feazibillty of controlling
exposures in varioug industries where the agents are used, the NIDSH RELs, by
contrast, are based primarily on concerns relating to the prevention of
occupational disease It should be noted that Industry ie legally required to
meet only those levels specified by an OSHA PEL

& time-welghted average (TWA) exposure refers to the average airborne
concentration of a gubstance during a normal 8- to 10-hour workday  Some
substances have recommended short-term exposure limits or celling values,
which are intended to supplement the TWA where there are recognized toxic
effects from high short-term exposures

The current OSHA PEL for methylene chloride (29 CFR 1910 1000 Table Z-2) is an
8-hour TWA concentration of 500 parts per million (ppm), with a ceiling
cancentration of 1000 ppm, and a maximum peak concentration of 2000 ppm for no
motre than five minutes wilthin any two hours This PEL was derived from a
standard recommended by the Americam National Standards Institute {(ANSI) and
adopted in 1971 without rulemaking **' The Federal Reglster dated Thursday,
November 7, 1991, published OSHA’s Proposed Rule of 25 ppm with a action level
of 12 5 ppm and a short-term exposure limit {STEL) of 125 ppm for the
occupational exposure to methylene chloride

In 1976, the NIOSH REL for methylene chloride was 75 ppm, as a TWA for up to
10 hours per day, 40 hours per week, with a 500 ppm peak exposure as
determined over any 1l5-minure sampling period during the workday  This REL
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was based on the need to prevent significant reduction in the oxygen carrying

capacity of the blood which affects the central nervous system ¥

Then Iin

1986, NIOSH recommended that methylene chloride be regarded as a "potential

occupational carcinogen "

NIOSH further recommended that cccupaticnal

exposure to methylene chloride be controlled to the lowest feagible limit
This new recommendation was based on the observation of cancers and tumors in

both rats and mice exposed to methyleme chloride in air ‘&

Table | summarizes

the exposure criteria for chemicel agents which were encountered at this

facilicy
Table 1 Exposure Criteria “
0sHA PEL 2% CFR WicsA REL!Y
1910 1000 TABLE Z-1
METHAN{OL TWa 200 ppm TWA 200 ppm with a STEL
of 250 ppm and a skin
pnotation
PERCHLORCETHYLENE TWA 25 ppm Lowast feasible limit
TOLUENE TWA 10¢ ppm with a STEL TWA 108 ppm wicth a STEL
of 150 ppm of 150 ppm
1,1, 1-TRICHLOROETHARE TWa 350 ppm wich a STEL Ceiling limit of
of 45¢ ppm 353¢ ppm

METHYLENE CHLORIDE

Tva 500 ppm with a
ceiling 1limit of 1000 ppum
and no more than 5 mio at
2000 ppm within any 2
bours

Lowest feagible limit

PRINCIPLES OF CONTROL

CONTROLS

Occupational exposure can be controlled by the application of a number of

well-knowvn prineiples, including engineering measures, work practices,
personal protection, and monitoring

These principles may be applied at or

near the hazard source, £o the general workplace envitonment, or at the point

of occupational exposure to ilndividuals

the hazard, including material substitution, process or equipment
rodification, isolation or automation, local ventilation, and work practices
are generally the preferred and most effective in terms of both occuparional
Controls which may be applied te hazards that
have escaped into the workplace environment include dilution ventilatiom, dust

and envirommental concerns

suppression, and housekseping

Controls applied at the source of

Control measures may alsc be applied near

individual workers, including the use of ventilated control rooms, isolation
bootha, supplied-air cabs, work practices, and personal protective eguipment



In general, a system comprised of the above control measures is required to
provide worker protection under normal operating conditions as well as under
conditions of process upset, failure, and/or maintenance Process and
workplace monitoring devices, personal exposure monitoring, and medical
monfiroring are important mechanisms for providing feedback concerning
effectiveness of the controls in use Ongoing monitoring and maintenance of
controls to insure proper use and operating conditions, and the education and
commitment of both workers and management to occupational health are alao
important inpredients of a complete, effective, and durable contrel system

These principles of control apply to all situations, but their optimum
application varies from case to case The application of these principles 1s
discussed below

ENGINEERING CONTROLS

After a survey conducted by the Industry Wide Studies Branch (IW3B) of the
Division of Surveillance, Hazard Bvaluations, and Field Studies (DSHEFS) of
NIOSH, the owners of this facility installed a single slot hood at each end of
the dip tank " The air velocity at the slot averaged approximately 500 fpm
and the flow through each slot averaged approximately 700 cfm, as determined
using a TSI Model 165Q Air Velocity Meter (ISI, Inc , St Paul, MN) The wall
fan between the dip tank and the rinse area exhausted at a rate of
approximately 3000 c¢fm IWSB researchers returned to Tri-County to test the
new local ventilation and neted a reduction in methylene chloride exposure
from 2160 ppm to 230 ppm (90 minute samples)

Beceuse methylene chloride 1z & suspect human carcinogen and OSHA has a
proposed rule of 25 ppm, & new ventilation system was designed The
ventilation system was designed for furniture stripping dip tanks in order to
control methylene chloride exposures to a lower level than those observed
during the TWSB study and the initial walk-through survey  NIOSH researchers
from the Engineering Control Technology Branch {ECTB) recommended,
constructed, and installed the newly designed local exhaust ventilation system
at this facility The ventilation system was constructed of galvanized sheet
metal {22 pauge} with reinforcement steel used on stress points in order to
maintain the system’s physical integrity A plenum was attached to the front
end of the tank and to the slot hoods on each side of the tank in order to
obtain even airflow distribution throughout the system 4 12" diameter duct
ran from the center of the front plenum, through the wall of the bullding,
inte a fan located outside For this evaluatign, a portable, gasoline powered
fan (Coppus model number TE-5) rated at 4100 ¢fm in free air was uged

Figure 1 shows a diagram of thie newly designed local exhaust ventilation
system

The average slot velocity during the three day sampling period was 3200 feet
per minute (fpm) and the average exhaust Ilow was 2900 cubilc feet per minute
{cfm) at 4" static pressure The exhaust flow was evaluated each day using a
standard pitot tube with an incline manometer (Dwyer model 400) on the exhaust
duct of the system located 6’ above the fan  With the exception of an open
overhead door at the entrance of the shop, ather dilution ventilation was
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Figure 1  Exhaust Hood Attached to Furniture Stripping Dip Tank



provided by a wall fan in the paint booth located in the finishing area and
two small wall fans located in the stripping/rinsing area of the building

Local exhaust ventilation at the source of methylene chloride is the best
primary control of vapors short of using a nonmethylene chloride product
General room ventilation must also be considered as a necessary secondary
contTtol method  On September 12, 1991, semples were collected in the morning
before the shop opened for business and analyzed by a SCENTOGRAPH (Sentex
Sensing Technolopy, Ridgefield, NJ), a porteble, computer operated gas
chromatograph {GC) with an Argon Ionization Detector {AID) At this time,
methylene chloride had a concentration of 1000 ppm, and methanol was 200 ppm
Vapors in the building will build up if there is not sufficient air movement
or exchange It 15 recommended that the local exhaust ventilation system be
started and run prior to entering the building Figure 2 depicts principles
of dilution ventilation and shows the importance of fan location U

ENVIRONMENTAL MONITORING

During this survey, quantltative alr sampling was conducted for methylene
chloride, methanol, toluene, perchloroethylene, and l,l,l1-trichloroethane
Several pleces of furniture were stripped during the three days of our
in-depth survey Personal air samples were collected side-by-side in the
breathing zone of the worker for the duration of the stripping Samples for
methylene chloride, perchloroethylene, toluene, and 1,1,l-trichloroethane were
collected on two 50/100 mg charcoal sorbent sample tubes {SEC 226-01, SKC,
Inc , Eighty-four, PA) in serdes, angd samples for methanol were collected on
757130 silics gel sorbent sample tubes (SKG 226-10, SXC, Inc , Eighty-four,
PA) Sampling was conducted at 2 nominal flow rate of 0 02 liters per minute
(lpm) using a personal sampling pump (P200A, E I DuPont DeNemcurs & Co ,

Inec , Wilmington, DE)

In addition, real-time exposure to total solvents present in the breathing
zone of the worker was measured using a TIP II {PHOTOVAC, Inc , Thormhill,
Cntarico, Canada) with a 10 & Ev ultraviolet lamp The TIP IT responds to the
mixture of both methylene chloride and methanol vapors The analog output
signal from the TIP IT was collected on a Rustrak, Ranger data logger (Gultom
Industries, Inc , E Greenwich, RI) The data logger was later downloaded to
a COMPAQ Portable ITI, (COMPAQ Computer Corp , Houston, TX) for further data
enalysis  Grab samples of air from the exhaust of the TIP IT were analyzed
using a SCENTOGRAPH (Sentex Sensing Technology, Ridgefield, NJ), a portable,
computer operated, gas chromatograph {(GC) with an Argon Ionilzatlon Detector
(AID) to give the NIOSH researchers & near real-time indication of the
exposure of the workers to methylene chiloride and methanel  Results indicate
that the ratic of methylene chloride concentration to the methanel
concentration is relatively constant Thus, the TIP II should respond
proportionally the same, regardless of absclute concentration Since the
ratic of the two concentrations was relatively constant, back-calibration
ofthe real-time TIP II exposure data was performed using the sorbent tube
data Appendix A shows how the real-time exposure was estimated uaing the
sorbent tube data
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Area samples for methylene chloride, perchloroethylene, toluene, and 1,1,1-
trichloroethane were collected using the same method as deseribed above for
personal samples for methylene chloride  Area samples for methanol were
collected using the same method described above for personal samples for
methanel  Six sets of area samples were collected (see Figure 3) one behind
the dip tank {(near the rinse area), one on a tahle (near the rinse area}, one
along the wall {in the storage area), one on the caustic tank {(near the rinse
area), one above the dip tank (on the plenum near the fan), and one located
cutside the building {near the office as a background sample)

All sorbent tubes were sent to DataChem (Salt Lake City, UT) for analysis

using the appropriate method from the NI Manua Analyt
Im! (1L}
Chemical Name HNMAM Ho
Methylene Chloride 1005
Methanal 2000
Perchloroethylene 1043
Toluene 1500
1,1,1-Trichloroethane 1003

PERSONAL PROTECTIVE EQUIPMENT

While stripping at the dip tank, it was observed that Worker A wore a rubber
apron, neoprene gloves, and safety glasses Worker B wore neoprene gloves and
a rubber apron while stripping and rinsing

RESULTS AND DISCUSSION

METHYLENE CHLORIDE
- Personal Samples

The rinse arca was located behind the furniture stripping dip tank (see
Figure 3} During the survey, stripping and rinsing operations were generally
performed et the same time  Alrflow patterns through rhe shop Iindicate that
the air flows through the rinse area into the stripping area (see Figure 3)
This would indicate that rinsing operations being performed ar the same time
ag stripping operaticns could add to exposure concentrations of the operator
at the stripping tank  Samples for methylene chloride were collected during
sctripping operations with rinsing operations being performed and also during
stripping only operations  Although stripping only operations were not
continuwously conducted over an eight hour workday, stripplng only operation
data can be indicative of TWA exposures, since stripping operations are
usually performed over the entire workday

1a
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Flpure 4 summarizes the perscnal air sampling data collected for methylene
chloride during the survey The results of the personal air sampling data for
methylene chloride are summarized in Table 2 Table 3 presents welghted
pergonal exposures to methylene chloride in ppm by day  Individual personal
air sampling data for methylene chloride are listed in Appendix B A1l sample
results were assumed to be log-normally distributed, statistical analyses were
performed on the log-transformed data ' The differences between stripping
only and rinsing/setripping personal alr samples were analyzed by a t-test

During rinsing/stripping sampling periocds Worker A had a geometric mean of

26 ppm of methylene chloride Worker B during rinsing/stripping sampling
periods had a geometrric mean of 59 ppm of methylene chloride The difference
in exposure of Worker B during rinsingfstripping sampling periods and Worker A
was contributed to Worker A& not performing rinsing operations  The gegmetric
mean for Wetker A and Worker B combined during vinsingf/etripping sampling
rerlodas was 41 ppm During stripping only sampling periocds, Worker A had a
geometric mean of 13 ppm of methylene chloride  Worker B, during stripping
only sampling periods, had a geometric mean of 13 ppm of methylene chloride
During stripping only operations the geometric mean for Worker A and Worker B
combined was 13 ppm A time weighted average {(TWA) of methylene chloride
exposure was calculated for each worker by day On September 11, 1991, the
TWA for Worker A was 36 ppm and Worker B 70 ppm Weorker A had a TWA of 14 ppm
on September 12, 1991, and Worker B 46 ppm On September 13, 19%1, the TWA of
Worker A was 46 ppm and Worker B 48 ppm

During the survey, Worker & was in and out of the building performing other
duties, therefore, Wotker A was not exposed as long as Worker B who performed
rinsing and stripping operations throughout the day Worker A did not perform
any rinsing operations during the survey, although, he did perform stripping
operations atr the same time rinsing was being accomplished Therefore,
hecause of the carry-over from the rinse area, exposures during
strippingf/rinsing operations were higher than stripping only operations for
Worker A  Data collected for Worker B during the gurvey did show a
etatistically gignificant difference hetween stripping/rinsing operations and
stripping only operations The geometric mean of Worker A/B also showed a
statisrtically significant difference between strippingfrinsing operatioms and
stripping only operations  This statistical significance indicates the
contribution of the rinsing operatiom to the methylene chloride exposures of
the worker This hypothesis is further validated by the lack of statistlieal
significance between stripping only cperations and stripping/rinsing
operations for Worker A, Worker A did not perform any rinsing operations
during the survey
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Methylene Chloride Concentrations
Stripping versus Rinsing/Stripping

100

a0 T Rinslng/Stripping
Stripping Only
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40
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DCM Concentration (ppm)
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1% |la |2

0
Worker A Worker B Geometric Mean

Figure 4 DCM Concentrations During Pergonal Alr Sampling

Table 2  Personal Concentratieons of DCM During Scripping/Rinsing
Operations and Stripping Only Operations With
95% Confidence Levels Calculated

I o GEOMETRIC | GEOMETRIC | UPPER 95% LOWER 95%
MEAN STANDARD CONFIDENCE | CONFIDENCE
DEVIATION | LIMIT LIMIT
STRIPPING AND RINSING
WOREER A 26 26 38 18
WOREER B 59 l & 63 56
AVEBAGE 41 212 52 33 1l
STRIPFING ONMLY
WOREER A 13 20 19 9
WOREER B 13 1 5 14 12
LAVERAGE _ 13 _ 1 6 1 16_ 10

13



Table 3 Weighted Average of Methylene Chloride {ppm)
of Worker by Day
— .~ . ————
I_ September 11, 1991 September 12, 1991 | September 13, 1941
WOREER A 36 14 6
WORKER B 70 46 48
——— ====:==

- Area Samples

Figure 5 and Table 4 sumnarize area sampling data collected during the survey
Individual area sampling data 1s listed in Appendix C  Pigure 3 shows the
location of the area samplers

The following area sample results are reported in parts per million of
methylene chloride  All =ample results were assumed to be log-normally
distributed, statistical analyses were performed on log transformed data "*
These sample results were smnalyzed by an analysis of variance "¥ There is a
significant difference (0 05 significance level) in concentration between area
samples I, 2, 3, 4, and 5 versus area § (background) Area 1 was

Methylene Chloride Area
Sample Results

50

\\

MMM

a0

20r

DCM Concentration {ppm)

- T
i i1l

Figure 5 Area Sampling Results for DCH
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Table & Area Sawple Concentratlons of DCM (ppn)
GEOMETRIC | GEOMETRIC { UPPER 95% LOWER 95%
MEAN STARDARD CONFIDENCE | CONFIDENRCE
DEVIATION LIMIT LIMIT
AREA 1 17 2 04 19 14
AREA 2 24 L 77 29 21
AREA 3 8 L 61 10 7
AREA 4 23 1 95 27 20
AREA 5 36 1 49 42 3l
AREA 6 0 49 1l 25 0 57 0 42

significantly different (0 05 significance level} in concentration versus
areas 2, 4, and 5 Area 1 was not located near the rinse area, therefore, it
was not influenced as much by rinsing operations as are areas 2, 4, and 5
According to the air currents plotted on September 13, 1991, {see Figure 3)
the alr flowed through the rinse area into the stripping area then exhausted
out through the ventilation system on the tank and the wall fan located above
the tank Area 5 was located on the plenum of the wventilation system with the
sorbent tubes located in front of the wall fan Area 2 (located on table near
rinse area), area 4 (located on caustic tank near rinse area), and area 5 were
influenced more by the rinsing operations than ares 1 {lecated on the back
side of the etripping tank} and area 3 (locared on the wall in the storage
area) There is no significant difference (0 05 significance level) in
concentrations between areas 2, 4, and S Area 3 (located on the wall in the
storapge area}) was significantly (0 03 significance leyel) different than areas
2, 4, and 5

METHANOL

Results of the methancol samples are listed in Appendix D The methancl
welghted average exposure on September 11, 1991, for Worker A was 27 ppm and
for Worker B 40 ppm On September 12, 1991, the weighted averazge exposure for
Worker A wae 11 ppm and Worker B was 22 ppm On September 13, 1991, the
welghted average exposure for Worker A was 25 ppm and Worker B was 14 ppm
Area sample results for methanol during the three days of evaluation are as
follows  area sample 1 average 13 ppm, area sample 2 averaged 16 ppm, area
sample 3 averaged 6 ppm, area sample 4 averaged 20 ppm, area sample 5 averaged
24 ppu, and the background sample (area 6) averaged 1 ppm These values are
all below the OSHA PEL and WIOSH REL of 200 ppm for methanol When pampling
for methanol, using 75/150 silica gel sorbent sampling tubes, water vapor can
interfere with the collection efficiency resulting in a decrease in the
capacity of the sampling tube During the thxee days of this survey, relative
hurmidity ranged from 60 to 100 percent, possibly affecting the efficiency of
the 75/150 gilica gel tube This affects the methanol results by the water
vapor attaching to the silica gel and saturating the silica gel sorbent tube,

15



potentially sllowing methanel to flow through  This is evidenced by the fact
that most of the detected methanol samples contained more than 30 percent of
the total methancl in the back section of the silica gel =sorbent tube
However, the methanol silica gel tube results did seem to correspond te the
near real-time GC short-term sampling results

TQLUENE

Personal and srea samples were analyzed for toluene  The arithmetic mean
during stripping only operations was 3 ppm, and during stripping/rinsing
operations the arithmetic mean was 4 ppm The area samples had an arithmetic
mean of 4 ppm These results are well below the OSHA PEL and the WIOSH REL of
100 ppm

1,1,1-TRICHLOROETHANE

The gamples analyzed for 1,1,l-trichloroethane had 65 percent non-detected
The detectable samples for 1,1,l-trichloroethane had a mean of 4 ppm with the
bighest reportable concentration of 5 ppm These values are well below the
OSHA TWA PEL of 350 ppm and the NIOSH REL ceiling limit of 350 ppm

PERCHLOROETHYLENE

The limit of detection for perchloroethyleme was 0 0l mgfsample No
detectable levels of perchloroethylene were found

REAL-TIME DBATA

The real-time exposure data estimated using the personal sorbent tube data,
real-time TIP II data, and near real-time GC data are shown graphically in
Appendix E The y-axis scale for the graphs in Appendix E is the
concentration of methylene chloride and methanel in ppm The x-axlg 1s the
time of day, wusing a 24-hour clock

The following data is discussed in response to the proposed 125 ppm short-term
exposure limit (STEL) *** Results of 15-minute averages calculated over the
work-shift at the dip tank are shown graphically in Figures 1-8 in Appendix E
Analysis of the real-time datms allows a l5-minute average to be calculated for
any point in the work-shift

A zeparate l5-minute average was calculated using eack 15-second increment

To do this, an average was calculated for the time period extending 7 5
minutes before and 7 5 minutes after each l5-zecond increment Thug, for an
8-hour time period, it would be possible to calculate 1,860 possible 15-minute
averages, each one centered on a different 15-second increment  Uging this
approach, the valueg of 15-minute averages, calculated every 15-seconds are
shown in Appendix E  Between 87 and 100 percent of these averages were below
125 ppn of methylene chloride  The NIOSH researchers judzed that, in cases
where the peak exposures were above 125 ppm, the cauze was largely due to the
tinsing operation, which was not as well contrelled as the stripping
operation  As shown in Figures l-6 in Appendix E, at no time during the three
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daye of gampling did the methylene chloride exposure exceed the 2000 ppm
maximum acceptable peak set forth in OSHA Regulations

Temperatute and humidity were wmonitored continuously during the three-day
survey using a Rustrak Ranger data logger wirh a special probe {POD 29/03)

The data logger was later downloaded as previously mentloned  The temperature
ranged from 19 to 33°C and the relative humidity ranged from 60 to 100

percent  The temperature and relative humidity are shown graphically in
Appendix E

CONCLUSIONS AND RECOMMENDATIONS

The personal air sampling results indicate that the engineering control on the
furniture stripping dip tank effectively controlled personal exposures to
methylene chloride to 13 ppm when stripping only operations were heing
perfotmed When rinsing was being performed at the same time, there was an
added effect on exposures to the worker conducting stripping and/or rinsing
Exposure while rinsing was greater than while stripping or performing any
other task, mainly due to the rinse area not having engineering controls

RINSE AREA

It 1s recommended that the ownerg apply an effective control to the rinse area
in order to reduce methylene chloride concentrarions Yor example, z simple
desipgn enclosure could be placed around the rinse area with a wall fan located
in the back of the enclasure (see Figure 6 far an example of a ventilation

FRCPIOSED CONTHCL =0R RINSE AKEA

TO= OF BOOTH

rad LOCATED ONH BACE
L L

S0 OF

=l wh ]
=|IDE OF

BOCTH T

Figure 6 Proposed Control for Rinse Area
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gystem for the rinse area) This system would bhe similar to the paint haoth
located in the finishing area  There should be a velocity of 100 feet pet
minute (fpm) at the face of the booth For example with an opening of 6'
wide and 7’ high at the face of the booth the face area would be 42 square
feet The area of the face of the baoth (42 square feet) times 100 (in order
to have 100 fpm atr the farce of the booth) would be 4200 cubic feet per minute
{cfm) Four thousand two hundred efm would be needed in order to operate this
system, therefore, the fan selected should have the capacity to pull 4200 cfm
When rinsing with this type of system, the operator should always keep the
furniture between himself and the wall fan so the sirflow is directed out the
fan and not acrgss the operator’s breathing zone  This type of system also
could be designed with fire proof curtains that could be movable in order to
rinse large pieces of furniture

Figure 7 shows the persomal exposure reducticn of methylene chloride
concentrations in the Tri-County Furniture Stripping and Refinishing shop
Pergonal sampling concentrations in the shap with no control were 2160 ppm,
with the old control installed by the shop 230 ppm, with the new contrel
during rinsing &nd stripping cperations 41 ppm, and the new contrcl during
stripping only operations 13 ppm ¥

PERSONAL PROTECTIVE EQUIPMENT RECOMMENDATIONS

In operations where splashing, spllling, spraying, or skin and eye contact
with methylene chloride may occur, employees shonld wear protective
solvent-impermeable gloves {long enough to cover the forearms), aprons, shee
coverings, and chemical splash goggles Unfortunately, no elastomer provides
good protection from liquid contact  Neoprene (currently used), butyl rubber,
nittile rubber, or polyvinyl chloride (PVC) provide limited protection agalnst
methylene chloride and should he used with caution for short-term contact with
this solvent  Whenever swelling or softening of the gloves or seepage of
methylene chloride into the glove is chserved, dispose of the gloves
immediately and replace with new ones ¥

RESPIRATOR SELECTIOHY

A study conducted by NIGSH tresearchers demonsttated that chemical cartridge
resplrators are not adequate for removing methylene chloride, gince cartridge
breakthrough time 1s approzimately 40 minutes for a methylene chloride
challenge of 15 parts per million ‘' Because the odor threshold of methylene
chloride 1s near the PEL, the worker will not smell methylene chloride until
gignificant breakthrough has already occurred Because NIOSH has identified
methylene chloride as a potential human carcinogen in the workplace, two types
of respirators are recommended & self-contained breathing apparatus (SCBA)
with a full faceplece operated in pressure demand or other positive pressure
mode, or a supplied air respirator (SAR) with a full facepiece opersated 4in
pressure demand or other positive pressure mode in combination with an
auxiliary SCBA operated in pressure demand or other positive pressure mode
The auxiliary SCBA must be of sufficlent duration to permit escape to safety
if the air supply is interrupted
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Where employees must wear respirators, an appropriate respiratory protection
program in accordance with 29 CFR 1910 134 must be instituted **' A copy of
29 CFR 1910 134 can be obtained from the local area OSEHA office

WORK. PRACTICES

Good work practices canm significantly reduce worker exposure  Keeping the
worker’s head ag far as pogsible from the stripping solution and the furniture
will lower the exposure Keep all soilled cloths, brushes, or tools in a
ventilated arsa or in an airtight container Paint scrapings contain
substantial amounts of methylene chloride and other organics and should be
gtored in airtight containers until properly disposed  Any clothing that
becomes soaked with stripping salution should be immediately removed and the
exposure area thoroughly washed Soiled clothing should not be taken home and
washed with other clothes Eating or smoking in the shop area also can
contribute to exposures  Hands should be thoroughly washed before eating or
smoking Eating or smoking should not be done in the shop area  Also, some
of the chemicals used in the furniture stripping and refinishing industry are
flammable, and therefore, there should be no smoking in the shop or near
flammable storage areas

EDUCATION AND TRAINING PROGRAM

An effective employee education and training program can also reduce potential
for exposure to methylene chloride and is required under 0SHA's hazard
communication standard (29 CFR 1910 1200 A copy of 29 CFR 1910 1200 can be
obtained from the local area OSHA office The program should contain the
following elewments

The hazards of methylene chloride exposure and methods which can be used
to prevent regpiratory, skin, or eye contact

Use, care, and limitations of resplrators and other personal protective
equipment

Safe handling of methylene chloride and other relevant work practices
Effective housekeeping procedures
First aid and emexgency procedures

Relevant personal hygilene aspects for controlling methylane chloride
exposure
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APPENDIX A
ESTIMATION OF REAL-TIME WQRKER EXPOSURE

The following formula was used to comvert the output of the TIP II (velts) to
concentration of contaminant (ppm}

C(t) = IR(t) * 8T * (5t [/ SIR({t))

where

Cic) = concentraticn of vapor at time t {ppum),

IR{t) = instrument regponse at time t (veolts},

ST = THA concentratiot of contaminant as collected on
sorbent tubes for the time period S5t (ppm},

st = total elapsed time of sampling (seconds), and

SIR(t) = sum of the instrument response at every time

interval {volts)

The major assumption in this estimation method is that dilution is
ingtantanecus and occurs with no change in the relative vapor ratios In
addition, it is mssumed that there is linear variation in instrument response
with respect to changes In concentration of all contaminants in the air
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APPENDIX B

SHOAT PERSON
OR BGM GR
BAMPLE QR Tme VOLUME LONG a8 T | NATURAL AREA

DAY NUMBER BACK (MIN} LITERS TERM mg mgim3 LOG LODE

/12191 1135 F 3z 06 S 0 0350 61 18 286 WORKER A
a1 213 F 30 06 5 0 0200 33 10 226 WORKER A
a1 1035 F 40 08 5 0 0730 o4 26 327 WORKER A
9/12/91 291 F 50 10 8 0 0200 20 6 175 WORKER A
BYH 1056 F 19 04 & 0 Q100 26 a 202 WORKERB
841391 1907 F 48 10 8 D 0860 £9 20 299 WORKERB
8411794 262 F 32 06 S D Q300 47 13 260 WORKERB
of12/91 292 F 46 098 5 D 0400 43 13 253 WORKERE
9/12/91 1089 F g2 12 8§ D Qs60 53 15 273 WDRKER B
9/11/9 296 F 82 16 L 0 0980 g0 17 284 WORKER A
5711/ 235 F 97 19 L 0 1500 77 2 3210 WORKER A
9/11/91 280 F 78 16 L 01100 71 20 301 WORKERA
8113191 1031 F B4 17 L 0 4000 238 &9 423 WORKER A
911491 219 F 120 24 L 0 6600 275 79 4 37 WORKER A
9/12/31 1723 F £2 10 L c 1200 115 a3 350 WORKER A
81391 1025 F 103 21 L 0 2400 17 a4 351 WORKERA
512101 719 F L) 1B L 0 0300 17 5 157 WORKER A
111 225 F 103 21 L 05700 277 80 4 38 WORKER B
o/11/91 &2 F 95 19 L Q 3800 200 58 405 WORKERB
/1219 277 F 120 24 L 0 3300 138 40 368 WORKERB
o/12/91 1136 F 110 22 L 0 3300 150 43 377 WORKER B
9/13fa1 1054 F 120 24 L 0 4000 167 48 387 WORKER B
/1381 1038 F 100 20 L 0 4800 240 €9 424 WORKEAB
a1/ 255 F 112 22 L 0 6000 268 77 435 WORKERE
9/12/91 298 F 111 22 L D 7200 304 a3 454 WORKER B
8/12/91 1082 F 100 20 L 0 2500 125 38 358 WORKER DB
911/91 204 F 119 24 L 0 G500 277 80 4 38 WORKER B

ALL THE BACK TUBES WERE NON-DETECTED



APPENDIX C

SHORT PERSON
OR DCM OR

SAMPLE OR  Time VOLUME LONG  DCM DCM DCM NATURAL AREA
DAY NUMBER BACK (MIN) LITERS TEAM mg mg/md  ppm LOG cone
911191 206 F 123 25 L 033 138 0 368 AREAT
91 2/91 1117 F 75 15 L 0 1000 &7 19 2895 AREA
aham i121 F 120 24 L 0 0950 4] 11 243 AREAA1
9/12/91 286 F 228 46 L 0 1500 a3 9 225 AREA1
9/t 1491 269 F 80 16 L 0 0800 50 14 2 67 AREA1
911/91 226 F 141 28 L 0073 26 7 201 AREA1
911/ 243 F 108 22 L 0 0es 39 11 243 AREA
5/13/91 1075 F 240 48 L 0 9400 196 56 403 AREA1
9/12/91 295 F 152 a0 L 0 2400 79 23 312 AREAZ
91391 1030 F 75 15 L 0 1700 113 a3 349 AREA2
9/11/91 209 F 122 24 L 029 119 34 353 AREA2
9/11/91 295 F 143 29 L 023 80 23 314 AREAZ
9r12/91 1113 F 126 25 L 0 1800 71 21 302 AREA2
911491 246 F 104 21 L 03 144 42 373 AREA2
af12/91 284 F 133 27 L 0 0550 21 8 178 AREAZ
9/11/91 257 F 85 17 L 023 135 99 366 AREAZ
913/91 1074 F 125 25 L 01800 72 21 303 AREAZ
9/13/91 1118 F 115 23 L D 4500 196 213 403 AREAZ
SM12/91 1086 F Fia | 14 L D oadn 85 17 283 AREAZ
913/91 1040 F 45 10 L 0 0670 70 20 300 AREA2
9/12/91 1139 F 200 40 L 0 2200 55 1 276 AREA3
911/91 207 F 116 28 L 0 079 34 10 228 AREA3
B/11/91 248 F 108 22 L 0053 25 7 195 AREA3
911491 268 F 82 16 L 0 0500 30 9 217 AREA3
9/12/91 285 F 228 46 L 0 0840 18 5 167 AREA3
911591 221 F 142 28 L 0042 15 4 145 AREA3
9/13/9% 1062 F 240 48 L 0 2300 48 14 262 AREAQ
9112191 200 F 153 31 L 0 1600 52 15 271 AREA4
912/91 275 F 133 27 L 0 0780 27 B 207 AREA4
913/91 1029 F 51 10 L 0 0310 79 23 313 AREA4
913791 1065 F 125 25 L 01200 48 14 263 AREA4
1991 1044 F 115 28 L 0 4400 191 55 401 AREA4
9119 f33 F 107 21 L 056 262 75 432 AREA4
8/12/91 108 F 102 20 L 0 1300 64 18 281 AREA4
9/12/91 127 F 123 25 L 0 1400 57 18 280 AREA4
9/13/91 1122 F 72 14 L 0 0830 58 17 281 AREA4
911701 284 F 140 28 L 0 27 96 28 332 AREA4
311/91 259 F 85 17 L 01100 65 19 292 AREA4
911791 200 F 120 24 L {3 46 182 55 4 0%t AREA4
9/12/91 284 F 153 31 L 0 3600 18 34 352 AREAS5
9/12/91 1051 F 120 24 L 0 3600 150 43 377 AREAS
9/13/91 1060 F 125 25 L 0 2100 84 24 319 AREAS
/12491 287 F 133 27 L 0 2300 86 25 321 AREAS
9/11/91 254 F 80 16 L o 1900 119 34 453 AREAS
9/13/91 1108 F 51 10 L g 1100 108 3 344 AREAS
LG 247 F 112 22 L 0 46 205 59 408 AREAS
911791 214 F 120 24 L 064 267 77 434 AREAS
913/91 1111 F 72 14 L 0 1300 90 28 426 AREAS
9129 1110 F 105 21 L o 1800 86 25 321 AREAS
9/11/91 210 F 135 27 L 028 104 30 340 AREAS
913/91 1036 F 115 23 L 0 4900 209 60 410 AREAS
9/11/91 230 F 180 36 L 0 0071 2 1 -057 AREAG
9/13/91 1061 F 245 B9 L 4 0200 2 ! -044 AREAG
ar12/91 1126 F 212 42 L 0 0071 2 0 -073 AREAS
9r12/91 281 F 227 45 L 0 0071 2 0  -080 AREA6
911791 211 F 280 56 L 0 0071 1 0  -101 AREAG
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APPENDTY D

SHONT PERSON
SAMPLE OR OAR
SAMPLE Time VOLUME SAMPLE LONG MAL AREA
DAY MUMBER (AN} LITERS MEDIA  TERM mg CODE
9411/91 459 264 53 3G L 0 0a 17 13 AREA1
911451 455 265 53 5G L Ggi2 29 17 AREAZ
911751 457 283 53 8§ L 003 & 4 AREA3
9/11/91 450 260 52 3G L 026 54 41 AREA4
911431 454 255 51 5G L 025 49 37 AREA5
9111441 458 280 56 5G L 0 o071 1 1 AREAG
9/11/91 415 180 38 5G L 003 8 & AREAJ
B/ 1491 418 190 38 5G L 0 054 14 11 AREAY
9/11/91 412 180 36 SG L 0 0071 2 1 AREA6
911491 411 192 38 8G L D15 3a a0 AREAS
811/ 416 192 38 8G L 036 42 32 AREAZ
o9f11/M 414 191 328 SG L D15 as a0 AREAZ
911/91 451 a7 54 8G L naz 59 45 WORKER B
ar11/91 453 202 40 SG L D17 42 32 WORKER A
ar11/9% 452 30 06 SG s 00071 12 9 WORKER A
91191 414 32 26 G 5 0871 1 8 WORKERB
9711491 417 175 35 8G L 011 31 24 WORKER A
811491 413 205 41 8G L 021 51 39 WORKER B
SH 291 423 90 18 5G L 002 11 8 WOHRKER A
9f12/91 428 233 47 SG L 021 45 34 WORKER B
12191 431 45 09 SG 5 0 0071 B & WORKER B
S22/ 439 50 10 SG S 0 D071 7 5 WORKERA A
91211 437 52 10 5G L 003 28 22 WORKER A
9H12/91 433 210 42 SG L 0095 23 17 WORKER B
9/12/94 436 3z 06 SG 5 0 0071 11 8 WORKER A
912491 442 62 12 86 s 001 8 & WORKER B
912191 a2f aag 46 86 L 0 048 11 B AREA1
9112191 422 238 48 sG L 0071 15 11 AREAZ
9/12/91 429 228 46 sG L 003 7 5 AREA3
anm aza 238 48 3G L 0085 18 14 AREA4
912191 az1 238 4B SG L 016 34 26 AREAS
9/12/91 425 227 45 SG L 0 0071 2 1 AREAB
912491 438 200 40 86 L 0 076 19 14 AREA3
812401 434 197 39 8G L 0074 19 14 AAEAZ
91291 445 225 45 SG L 0 089 20 15 AREA4
91.2/91 441 225 45 SG L 013 29 22 AREAS
9/12/91 432 185 39 G L 012 KL 23 AREA1
9/1.2/91 430 212 42 5G L G 0071 2 1 AREAG
9H13/91 aa4 220 44 5G L 0087 20 15 WORKERH
9/13/91 2019 168 38 §G L 015 40 a0 WORKER A
91391 443 19 04 SG 8 0 0071 19 14 WORKER H
9/13/91 2008 40 D8 SG 5 0 0071 9 7 WORKER A
9/13/91 2018 48 10 SG s 0 007 7 8 WORKERB
9/13/91 449 240 4B 5G L 0 067 14 11 AREAI1
9/15/91 446 240 48 8G L 007 15 11 AREA2
9/15/91 448 240 48 3G L 002 4 1 AAFEA3
9f13/91 447 240 48 5G L O 077 16 12 AREA4
9f15/91 445 240 48 8G L O 054 1 8 AREAS
9/15/01 440 445 B9 3G L 0 0071 1 1 AREAB
g911.391 2000 51 10 3G L ¢ 02 a0 15 AREAS
913491 2002 51 10 5G L 0 01 10 7 AAEA4
91491 2015 43 10 SG L o 01 10 2 AAEAZ
913/91 2003 24 05 SG 8 G 0071 15 11 WORKER B
0113/ 2001 20 04 S@ 8 ¢ Qo7 18 13 WORKER A
D13 2006 63 13 8G L 003 24 18 WORKER B
912191 2004 75 15 5G L 003 20 15 AREAZ
B/13181 203 72 14 8G L poa 21 16 AREAS
B/ 13/ 2009 72 14 5G L 0 0071 5 4 AREA4
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APPENDIX E

DCM CONCENTRAION (ppm)
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MAL CONCENTRATION {(ppm)
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MeCi CONCENTRATION (ppm)

Figure 1

15—MIN MeCl AVG FOR DIP TANK STRIPPING
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MeCl CONCENTRATION

Figure 2

15—MIN MeCl AVG FOR DIP TANK STRIPPING
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MeCl CONCENTRATION (ppm)

Figure 3

15—MIN MeCl AVG FOR DIP TANK STRIPPING
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Figure &

15—MIN MeCl AVG FOR DIP TANK STRIPPING
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MeC! CONCEMTRATION

Tigure 5

15—MIN MeCl AVG FOR DIP TANK STRIPPING
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MeCl CONCENTRATION {(ppm)

15—MIN MeCl AVG
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RELATIVE HUMIDITY (%)

Tri-County Furniture Stripping
and Refinishing Company
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