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I. 1INTRODUCTION

Under the authority of the Occupational Safety and Health Act of 1970 (Public
Law 91-596), the National Institute for Occupational Safety and Health (NIOSH),
located in the Department of Health and Human Services {formerly DHEW),
conducts research to prevent occupational safety and health problems. This
legislation mandated NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement functions carried
out by the Occupational Safety and Health Administration (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, ECTB has conducted a number of assessments of health hazard control
technology on the basis of industry, common industrial process, or specific
control techniques. Examples of these completed studies include the foundry
industry; various chemical manufacturing or processing operations; spray
painting; biotechnology processes; and the recirculation of exhaust air. The
objective of each of these studies has been to document and evaluate effective
control techniques for potential health hazards in the industry or process 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 surveys is conducted to select plants or processes with effective
and potentially transferable control concepts or techniques. Next, in-depth
surveys are conducted to determine both the control parameters and the
effectiveness of these controls. 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. Ultimately, the information from these
research activities builds the data base of publicly available information on
hazard control techniques for use by health professional who are responsible
for preventing occupational illness and injury.

This particular research effort (the subject of this walk-through survey) was
prompted by the growing concerm of the hazards of methylene chloride
(dichloromethane) and the need for technical advice to furniture strippers.
For years, methylene chloride 'and methanol have been the primary constituents
in paint stripping solutions. Methylene chloride provides the furniture
stripper with an effective and efficient paint remover. This project will
evaluate the technology available for the control of hazardous substances in
furniture stripping applications, particularly methylene chloride vapors.

Ronald Alsip Furniture Refinishing was chosen as a site to conduct a
walk-through survey because of the existing ventilation system on its Flow-Over
system and because Mr. Alsip uses methylene chloride-based paint stripper.

This report contains results of the walk-through survey, conclusions, and
recommendations relevant to the operations at Ronald Alsip Furniture
Refinishing. The recommendations, 1f followed, will help lower the worker’s
exposure to methylene chloride vapors.



II. PLANT AND PROCESS DESCRIPTION

PLANT DESCRIPTION

Ronald Alsip Furniture Refinishing was founded in 1970 by Ronald Alsip and
moved to its current location approximately six months ago. Mr. Alsip is the
sole employee, and normally strips furniture one day a week or less.

Presently, the furniture stripping end of the business occupies approximately
230 square feet of a building owned and operated by a lumber company. See
Figure 1 for diagram of the painting and work area, the stripping area, and the
wood shop.

PROCESS DESCRIPTION

Many strippers purchase pre-formulated solutions that are merely transferred to
their process equipment by pouring or pumping. Some strippers bulk purchase
the raw materials and mix stripping solutions both for their own use and for
consumer and franchise sales,

Paint is stripped by dipping the object in an open tank containing the
stripper, by spraying or brushing recycled stripper on the surface of the
furniture in a large open tank (Flow-Over® system), by a combination of
these two methods, or by manual application of the stripper to the furniture.

There is little standardization in the industry due to the diversity in size,
construction, and finish of items to be stripped and the type of stripping
solution,

In this facility, varnish and lacquer finishes are normally stripped using
Kwick Kleen® Paint Remover 125 (Kwick Kleen, Vincennes, IN) in a Flow-Over
system. On occasion, pieces will be hand stripped in order to prevent damage
to veneers and glued laminates. Large pieces are sent elsewhere for
stripping. Paint Remover 125 contains approximately 70% methylene chloride,
25% methanol, 1% sodium hydroxide, and 4% unspecified materials (see Appendix A
which contains a copy of the Material Safety Data Sheet provided by the
manufacturer).

i

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 mixing or transferring of stripping solution,
the evaporation of solution, or the evaporation of solution off furniture after
stripping. The major routes of entry of methylene chloride and other solvents
into one’s body include inhalation of vapors into the lungs and absorption of
the liquid through the skin. The severity of the hazard depends on the
formulation of the stripping solution, type of operation (i.e., dip tank,
flow-over system, hand stripping), work practices, duration of exposure,
temperature, ventilation (i.e., type of system, location relative to worker,
alr patterns, and flow rates), and general work station design,
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Bealth effects studies of methylene chloride exposure have been focused on
three primary areas: effects on the central nervous system, effects on
cardiovaicular morbidity and mortality, and induction of cancer in exposed
workers, Most recent%y, research has shown methylene chloride as a possible
reproductive toxicant. In addition, solvents are known to affect liver
function, and 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), vapors are irritating 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, numbness, and ting}ing in the arms and legs. The reports of odor
threshold range from 25-350 ppm.

Methanol has very similar central nervous system effects to methylene
chloride. Breathing very high concentrations may preduce headache, weakness,
drowsiness, light-headedness, nausea, vomiting, drunkenness, and irritation of
the eyes, blurred vision1 blindness, and even death. Methanol may also cause
liver and kidney damage.

ENVIRONMENTAL CRITERTA

As a guide to the evaluation of the hazards resulting in workplace exposures,
NIOSH field staff employ environmental evaluation criteria for assessment of a
number of chemical and physical agents. These criteria 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 is, 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 preexisting medical condition, and/or a
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 even if
the occupational exposures are controlled at the level set by the evaluation
criterla. 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 potentially increase the overall exposure.
Finally, evaluation criteria may change over the years as new Information on
the toxic effects of an agent become available.

The primary sources of environmental evaluation criteria for the workplace
are: 1) NIOSH recommended exposure limits {RELs), 2) the American Conference
of Governmental Industrial Hygienists' (ACGIH) Threshold Limit Values

(TLVs®), and 3) the U.S. Department of Labor (OSHA) permissible exposure
limits (PELs). Often, the NIOSH RELs and ACGIH TLVs are lower than the
corresponding OSHA PELs. Both NIOSH RELs and ACGIH TLVs usually are based on
more recent information than are the OSHA PELs., The OSHA PELs also may be
required to take into account the feasibility of controlling exposures in
various industries where the agents are used; the NIOSH RELs, by contrast, are
based primarily on concerns relating to the prevention of occupational



disease. In evaluating the exposure levels and the recommendations for
reducing these levels found in this report, it should be noted that industry is
legally required to meet only those levels specified by the OSHA PELs,

A time-weighted average (TWA) exposure refers to the average airborme
concentration of a substance during a normal 8- to 10-hour workday. Some
substances have recommended short-term exposure limits or ceiling 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
concentration of 1,000 ppm, and a maximum peak concentration of 2,000 ppm for
no more than 5 minutes within any 2 hours. This PEL was derived from a
standard recommended by §he American Standards Institute (ANSI) and adopted in
1971 without rulemaking. In 1986, OSHA published an Advanced Notice of
Proposed Rulemaking and did not include methylene chloride in their recent PEL
update. OSHA is expectzd to publish the Notice of Proposed Rulemaking to
reduce the PEL in 1990,

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 l5-minute sampling period during the workday. This REL was based on
the need to prevent significant reduction in the oxggen carrying capacity of
the blood which affects the central nervous system. Then in 1986, NIOSH
recommended that methylene chloride be regarded as a "potential occupational
carcinogen.” NIOSH further recommended that occupational exposure to methylene
chloride be controlled to the lowest feasible limit. This new recommendation
was based on the observation of cancegs and tumors in both rats and mice
exposed to methylene chloride in sir.

The 8-hour TWA TLV established by the ACGIH is S0 ppm with no STEL, and is
classified as a Suspected Human Carcinogen. This TLV is based on liver
toxicity studies. The previous TLV of 100 ppm was based on experimental data
obtained from male, nonsmoking subjects at rest. The AGGIH stated that the
blood of workers who were exposed at 100 ppm of methylene chloride would have
carboxyhemoglobin levels below 5% in their blood. Normal carboxyhemoglobin
saturation ranges from 0.4 to 0.7% for nonsmokers and 4 to 20% for smokers.
The ACGIH further cautioned that "concurrent exposures to other sources of
carbon monoxide or physicel activity will require_assessment of the overall
exposure and adjustment for the combined effect."

The current OSHA PEL for methancl (29 CFR 1910.1000 Table Z-1-A) is an B8-hour
TWA concentration of 200 ppm, with a STEL of 250 ppm. The NIOSH REL for
methanol is 200 ppm, as a TWA for up to 10 hours per day, 40 hours per week,
with a ceiling of 800 ppm averaged over a 15-minute pgriod. The 8-hour TWA-TLV
established by ACGIH is 200 ppm, with a 500 ppm STEL.



The current OSHA PEL for acetone (29 CFR 1910.1000 Table Z-1-4) is an 8-hour
TWA concentration of 750 ppm with a STEL of 1,000 ppm. The NIOSH REL for
acetone is 250 ppm, as a TWA for up to 10 hours per day, 40 hours per week.
The B8-hour TWA-TLV established by ACGIH 1s 750 ppm, with a 1,000 ppm STEL.

The current OSHA PEL for toluene (29 CFR 1910.1000 Table 2-1-A) is an 8-hour
TWA concentration of 100 ppm with a STEL of 150 PPn. The NIOSH REL for toluene
is 100 ppm, as a TWA for up to 10 hours per day, 40 hours per week, with a
ceiling of 200 ppm averaged over a 15-minute period. The B-hour TWA-TLV
established by ACGIH is 100 ppm, with a 150 ppm STEL.

The current OSHA PEL for xylene (29 CFR 1910.1000 Table Z-1-A) is an 8-hour TWa
concentration of 100 ppm with a STEL of 150 Ppm. The NIOSH REL for xylene {is
100 ppm, as a TWA for up to 10 hours per day, 40 hours per week, with a ceiling
of 200 ppm averaged over a 15-minute period. The B-hour TWA-TLV established by
ACGIH is 100 ppm, with a 150 ppm STEL.

III. CONTROLS

PRINCIPLES OF CONTROL

Occupational exposure can be controlled by the application of a number of
well-known principles, including engineering measures, work practices, personal
protection, and moniteoring. These principles may be applied at or near the
hazard source, to the general workplace environment, or at the point of
occupational exposure to individuals. Controls applied at the source of the
hazard, including engineering measures (material substitution, process or
equipment modification, iselation or automation, local ventilation) and work
practices are generally the preferred and most effective means of control both
in terms of occupational and environmental concerns. Controls which may be
applied to hazards that have escaped into the workplace enviromment include
dilution ventilation, dust suppression, and housekeeping. Control measures may
also be applied near individusl workers, including the use of remote control
rooms, isolation booths, supplied-air cabs, work practices, and personal
protective equipment.

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
monitoring 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
comnitment of both workers and management to occupational health are also
important ingredients of a complete, effective, and durable control system.
These principles of contrel apply to all situations, but their optimum
application varies from case to case. The application of these principles are
discussed below.



ENGINEERING CONTROLS

Mr. Alsip was told by his supplier of stripping solution that methylene
chloride vapors are heavier than air. The supplier recommended that Mr. Alsip
install a 24 inch diameter wall fan (exhausting to the outside) on the floor
under the flow-over system. This quasi-local exhaust ventilation system had a
flow rate of approximately 860 cubic feet per minute as determined by an
ALNOR® Balometer® (ALNOR Instrument Company, Niles, IL). Two propeller

fans were used to direct room air towards the exhsust vent. The window in the
stripping room was open as well as the door from the wood shop to the
outdoors. No other fresh air was supplied to the stripping area. This open
window, and to some extent the effect of the wall fan comprised the general
ventilation at this facility.

The benefit of locating an exhaust air inlet below and behind the flow-over
system will be realized only if the air velocity induced across the liquid
surface is significantly higher than ambient room air currents. This becomes a
difficult problem when comfort fans produce high air velocities and
unpredictable eddy currents and the open window produces unpredictable air
velocity and direction.

The use of propeller-type floor fans aids in mixing the vapors with room air
but the exhaust of contaminants from the room was mot consistent or well
designed. In addition, the flow-over system’s exhaust may be overwhelmed by
the propeller-type floor fans.

WORK PRACTICES

In principle, Mr. Alsip was using good judgement in that he was standing in the
draft of the two axial floor fans while at the paint stripping station. All
materials are manually handled and limited personal protective equipment
(described later) was normally worn by the worker.

ENVIRONMENTAL MONITORING

During our survey, limited quantitative sampling was conducted. No
environmental monitoring had previously been conducted. A chair and a roll-top
desk were stripped of lacquer iduring the one-hour sampling period. Personal
air samples for methylene chloride and methanol were collected side by side in
the breathing zone of the worker for the duration of the stripping. Samples
for methylene chloride were collected on two 50/100 mg charcoal coconut sorbent
sample tubes (SKC 226-01, SKC, Imc., Eighty-four, PA) in serles, and samples
for methanol were collected on two 75/150 silica gel sorbent sample tubes (SKC
226-10, SKC, Inc., Eighty-four, PA) in series. Sampling was carried out at a
nominal flow rate of 0.02 liters per minute (1lpm) using a personal sampling
pump (P200A, E.I. DuPont deNemours & Co., Ine., Wilmingten, DE). In addition,
real time exposure to total fonizable compounds present in the breathing zone
of the worker was measured using a TIP II® (PHOTOVAG, Inc., Thornhill,

Ontario, Canads) with a 10.6 eV ultraviolet lamp. The output signal was
collected on a Rustrak® Ranger data logger (Gulton Industries, Inc.,

E. Greenwich, RI). The data logger was later downloaded to a COMPAQ Portable
III® (Compaq Computer Corp., Houston, TX) for further data analysis.



Area samples for methylene chloride, acetone, toluene, styrene and xylenes,
were collected using the same method as described above for personal samples
for methylene chloride. Area samples for methanol were collected using the
same method described above for personal samples for methanol. Three sets of
area samples were collected; one between the flow-over system and the rinse
area, one at the doorway leading to the back of the building, and one at the
doorway leading to the front of the building.

The furniture stripping operation was video taped. The iInternal clock of the
video camera was synchronized with the data logger so that changes in solvent
concentrations could be correlated with stripping activities. Significant
activities (e.g., stripping, rinsing, and other) were identified and coded into
4 computer spread sheet containing elapsed time and concentration data,
Statistical analysis of the solvent concentrations were modeled as a function
of the change In concentration, worker activity, and type of furniture being
stripped.

A TIP II was also used to verify the exhausting of hydrocarbons through the
ventilation system and the window.

All sorbent tubes were sent to DataChem (Salt Lake City, UT) for analysis using
the appropriate NIOSH Method:



Chepical Name ~  CHRIS Code  NIOSH Method No,

Methylene Chloride DCM 1005
Methanel MATL 2000
Acetone ACT 1300
Toluene TOL 1501
Xylenes XYL 1501

The results of the sorbent tubes are as follows:

—

CHEMTITCA AL SAHPLED"

(P 1-hour TWA)

DM MAL ACT TOL XYL
L
s BZ 618 85 Na Na NA
o
A
C
M Al ND ND ND ND ND
A
P "
T
L A2 158 17 ND ND ND
I
E
o]
D A3 409 23 ND ND ND
N
BZ = Breathing zone of the worker.
Af = Area sample, see Figure 1 for location.
NA = Parameter not collected for analysis.
ND = Parameter not detected.



The real time data are shown graphically in Figure 2. The ordinate on the left
is the scale for methylene chloride concentrations and the ordinate on the
right is the scale for the methanol. At no time during this sampling period
did the exposure exceed the 2,000 PPm maximum acceptable peak set forth in the
OSHA Regulations. The TWA exposure during this time period was 618 ppn for
methylene chloride and 85 ppm for methanol. The exposure to methylene chloride
exceeded the ACGIH recommended STEL of 500 Ppm. Since this was the only time
period that Mr. Alsip stripped furniture that day, his B-hour TWA was
approximately 86 ppm and 12 ppm, respectively. The 8-hour TWA exposures are
below the OSHA PELs and ACGIH TLVs,

Statistical analyses were performed on the real time data to see how well the
data fit a material balance model and to generate hypotheses for investigation
in future analyses. Figure 3 shows the model in graphical form.

The factors that were statistically significant, thus effecting exposure,
included the following:

a., the item being processed (chair, desk, roll-top, or nothing); and
b. the task being performed (stripping, rinsing, or other tasks).

Generally speaking, the exposure while stripping was greater than while rinsing
or performing any other task. In addition, the exposure while stripping the
chair was higher than while stripping the desk or roll-top.

PERSONAL PROTECTIVE EQUIPMENT

While using the flow-over system, we observed Mr. Alsip wearing an apron,
neoprene gloves, splash goggles, and a disposable dust filter. Mr. Alsip had
several pairs of gloves, and he would use a different pair each week., The
épron and goggles were used every time he stripped furniture,

OTHER OBSERVATIONS

This workplace was maintained in a neat condition. The workplace was divided
into three areas, the furniture stripping area, the painting and work area, and
the wood shop area. Paint stripping was performed only on pieces of furniture
that Mr. Alsip was going to refinish and could easily handle. This limited the
smount of paint stripping performed.

Paint sludge is collected in a 5 gallon bucket. Saw dust is added and the
owner pays for the pickup and disposal of the sludge.

Several 5 gallon plastic buckets with 1ids were used to store the stripping
solution in the stripping area.

IV. CONCLUSION AND RECOMMENDATIONS

In general, furniture strippers are exposed to high levels of methylene
chloride. Worker exposure to methylene chloride and methanol during stripping
was 618 ppm and 85 ppm, respectively. Since this was the only stripping for
this day, the 8-hour TWA for methylene chloride and methanol was approximately
86 ppe and 12 ppm, respectively, which are below the OHSA PELs and ACGIH TLVs.
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The exposure to methylene chloride exceeded the ACGIH recommended STEL of

500 ppm. Also, NIOSH recommended that methylene chloride be controlled to the
lowest feasible level based on methylene chloride’s classification as a
potential occupational carcinogen. Considerable improvements in the controls,
with an accompanying reduction in exposure, are possible, and the lowest
feasible level would therefore be considerably lower than that seen in this
study,

In operations where splashing, spilling, spraying or skin and eye contact with
methylene chloride may occur, employees should wear protective
solvent-impermeable gloves (long enough to cover the forearms), aprons, shoe
coverings, and chemical splash goggles. Neoprene (currently used), butyl
rubber, nitrile rubber or polyvinyl chloride (PVC) provide limited protection
against methylene chloride and should be used with caution for short-term
contact with this solvent. No material has been found which provides long-term
protection from methylene chloride and is durable enough for the furniture
stripping environment. Whenever swelling or softening of the gloves or seepage
of methylene chloride into the glove iE observed, dispose of the gloves
immediately and replace with new ones.

A study conducted by NIOSH researchers demonstrated that full shift use of
chemical cartridges are not adequate for removing methylene chloride, since
cartridge breakthrough time is approximatel; 40 minutes for a methylene
chloride challenge of 15 parts per million.”’ Because the odor threshold of
methylene chloride is near the PEL, the worker will not smell methylene
chloride until significant breakthrough has already occurred. Though net
generally recommended, respirators with organic vapor cartridges may be used
for short-term exposure to low levels of methylene chloride provided the
cartridges are changed prior to breakthrough (every 15-30 minutes, depending on
room concentrations). Because NIOSH has identified methylene chloride as a
potential human carcinogen in the workplace, two types of respirators are
recommended: a self-contained breathing apparatus (SCBA) with a full facepiece
operated In pressure demand or other positive pressure mode, or a supplied air
respirator (SAR) with a full facepiece operated in pressure demand or other
positive pressure mode in combination with and auxiliary SCBA operated in
pressure demand or other positive pressure mode. The auxilisry SCBA must be of
sufficient duration to permit escape to safety 1f the air supply is
interrupted. Where employees wmust wear respirators, an appropriate respiﬁatory
protection program in accordance with 29 CFR 1910.134 must be instituted.

Mr. Alsip may wish to consider substitute stripping products. Research is
currently being conducted to develop non-methylene chloride based strippers,
which include N-Methyl-2-Pyrrolidone (NMP) blends and DiBasic Esters (DBE)
blends. The active ingredient in NMP-based palnt removers is
l-methyl-2-pyrrolidinone. Research conducted by GAF indicates that NMP has low
potential for skin irritation, and NMP is a severe eye irritant, but permanent
damage 1s not expected. The mutagenicity potential of NMP, as measured using
the AMES test, was negative. Several other animal stfsies were performed, and
they all showed no significant toxicological effects. DiBasic esters such
as dimethyl adipate, dimethyl glutarate, and dimethyl succinate are the active
components of DBE based paint remover. Research conducted by DuPont and 3M
indicates that DBEs caused moderate and temporary eye irritation, exhibited no
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reproductive or developmental toxicity, and caused no organ damsge other than
mild nasal effects indicative of irritation in 90-day tests. In addition, DBE
was negative in several highly sensitive bacterial mutation 85s§ys, including
the AMES test and in a whole animal chromosome damage study.""* Thus far,
data Indicate that these blends require two to three times more stripping time
than methylene chloride and cost approximately 50 percent more. Another
substitute that has been on the market for many years is ¢ blend of flammable
solvents including acetone, methanol, toluene and xylene. 3 In addition, two
manufacturers of methylene chloride are developing an additive for paint
stripping solutions to reduce the emissions of methylene chloride vapors.

Local exhaust ventilation at the source of methylene chloride is the best
primary control of vapors short of using a non-methylene chloride product. The
appropriate form of local exhaust will depend on the application method. The
floor level exhaust in the flow-over system may not be performing as
efficiently as expected by the owner and he would benefit from further research
in evaluating its efficiency. Industrial Ventilation (VS-502) recommends the
use of a sigtted exhaust hood for the removal of vapors from dip tanks (see
Figure 4). This type of local ventilation can also be applied to the
flow-over system. The slots would be located on the back side of the flow-over
system and exhausted through the existing duct work. A larger fan
(approximately 4,000 cfm) would need to be purchased. The figure also lists
data necessary for fan sizing. The Industrial Commission of Ohio could also
help in the design of a local ventilation system. General room ventilation
must also be considered as a necessary secondary control method. Vapors in the
building will build up if there is not adequate air movement or exchange.
Figure 5 illustrates the principles of dilution ventilation.

Good work practices can significantly reduce worker exposure. Keeping the
vorker's head as far as possible from the stripping solution and the furniture
will lower the exposure. Keep all soiled cloths, brushes or tools in a
ventilated area or in an airtight container. Paint scrapings contain
substantial amounts of methylene chloride and other organics and should be
stored in airtight containers until properly disposed. Any clothing that
becomes socaked with stripping solution should be immediately removed and the
exposure area thoroughly washed. Soiled clothing should pot be taken home and
washed with other clothes.

An effective owner/employee echation and training program can also reduce
potential exposure to methylene chloride, and may be required under OSRA's
hazard communication standard (29 CFR 1910.1200) for any additional employees.
The program should contain the following elements:

The hazards of methylene chloride exposure and methods which can be used to
pPrevent respliratory, skin or eye contact;

Use, care, and limitations of respirators and other personal protective
equipment;

Safe handling of methylene chloride and other relevant work practices;

Effective housekeeping procedures;

14
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From Industrisl Ventilation: A Manual Recommended Practice, 19th edition,
American Conference of Governmental Industrial Hygienists - Committee on

Industrial Ventilation: Edwards Brothers, Inc., Ann Arbor, Michigan, 1986,
Adapted with permission of ACGIH.
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First aid and emergency Procedures; and

Relevant gersonal hygiene aspects for controlling methylene chloride
exposure.

Ronald Alsip Furniture Refinishing would be an excellent facility in which to
conduct an in-depth study to test the proposed local ventilation system.

10.

11.
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APPENDIX A

Manufacturer: Xwick Zlean Industrial solvants HMIE HAZARD RATING:

Addrass: 1202 Barnatt FO Box 305 4=Extrems Health..,....2
Vincannes, Indisna 47551 J=High ¥lammabillty.1
Esargsncy Telephone Numbar 812-882-3987 2=Modarate Reactivity,..1

1=81ight Parsonal Protection
O=Vary low goggles,gloves apron

Product Mime (same as an label): EWICK ELEER FPATNY REMOVEER )33
Product Class; Haloganated Hydrocarbon, Alcohcl bland

Ingradiant (CAA No.1  _§ yo) ~Sccupatlons) Exposurs Liwit Yap Pras.
Bathylens Chloride (78-08-2} 70 GIHA & hr, TWA 500 ppm 150 = 50° p
ceilipg 1000 ppa
4000 ppm peak fop 5
sin. in avg. 2 hra,
ACGIN @ br TLV 100 ppa

Methanol (§7-54-3) 35 QSMA § br. TUA/TIV 200 pra 300 am 6p°
Sodlum Wydravlds (2310-73-2) 1 osHA @ hr, T 3 -g/-: ROt rwportad
ACGIH ceiling 2 my/m

dsculon ITT - Phygica) hats

folling rungs of molvents: 101-148%r
Japor Density: —E__ Hesvler than air ___ Lighter than air
——— Fastar than ether _x_ Slower than sthar
t Volatile by welghts ps.6t

jelght per gallon: 30.17

fesporstiom ratar

“lash polnt {PBCC0) ) pone at bolling point
Ppesrance and odor: light yallow and arcmatic, sweet
pecific dravity: 1.2¢ at 72%

Page 1 of 4

Flammabllicy classlfication; DEMA, Monflammable

DOT, not ragulatad
Extinguishing medis; Dry chemlcal, cna. water fog. DO pot use water stream.

Dousual fire and axplosion bazards: Concentratad Yapors may burn but will pot
ignite readily. Decoaposition producas
bydrogen chlorids and phosgene gax,

Spacial fire fightlng procedures: Self contalned breathing apparatus should be

used. Ramove container frox firs area it {¢
Can be done safely. If mot, keep contalnar
cool with water.

daction ¥ - Baactivity ety

Stability: atablae unstable

Bagardous polyssrization: wo

Masardous dacomposition Products:Carbon Monoxide, Hydrogan Chloride, Pormic seld
1

condltlons to mvoid: 8trong oxidizing matarials, baat, sparks, opan flame.

daction VI = Menlth Mazard Data:
Bffect of mcute cvarsxposurs unless eoted sy chropic,

&. Inhalationi Frritatien of Bucous manbrane, dieciness, hasdache, vertige,
drovsiness, blurrsd vislon, nausen. Savars Bysptona may bs
dalsyad 13 to 18 hrs, Chrontc pelsoning may cause
vlsual impairment or blindness. Elevated carboxyhemaglabin,

b. skini Prol od eEposure my causs burting sansatlon, ecaling and evantual
detatting of mkin. sy be absorbed through skin,

o, ingestion: Vemiting Bry result. Shock and scidoals may rasult. Chronlc
xposure may csuss serlous damsge to C¥8, llver and visian.

d. syes; Pulnful leritetlon and posalble damags to sya.

Medical conditions genarally sggravated by exposurae: Farsons with known
allargies, diabstas, heart or respiratory problams sbould chasrve SXtrs cars.

TP [ L] X__ Neo
o e .

Chenical listad aw carclnogeni

First aid apd SBMIgancy procedures:

2. inhalation: Bamove patient to frash &ly and assist with respiration
I pecessary. oObtain medira) attention. careful
attantion to acidesls and pPearibla sthanol therapy.

.

Page 2 of 4
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APPENDIX A

b. skin: Eemove contaminated clothas and flush with water for b. akinn Rubber gloves, aprop snd boots should be worn, Waeah
15 min. If irritation persiste, gat medical attantien. with soap and water after use.

c. Ingeatlon; Get madical attention. Do not induce vositing. It c. ingestion: Do not eat, drink, or ascke in ths work area. Wash
spontansous vomiting occurs, kesp head below hips to thoroughly bafora eating, or drinking.
avold asplration of liquid Ints lungs. May cause d. ayes: Eafaty goggles should ba wWorn. Contact lanses should
savers burns to mouth, throat and stomach. FPhysican not bs worn. Eya wash should bs availabls.

may use 1-28 sodium bicarbonate lavags. #8lood aethancl
lavals over 50 337100 ml indicatas hamodialysis,

Esqrlon VII1 - Splll or Lesk Procedurs

d. syes: Wash vith large asounts of water for 15 minutes lifting
lids occasicnally for camplats washing. Gat medlcal Stapa to ba taken in casa zatarial is released or spilled:
attention. May cause tlsauve destruction lesding to Ranovs al}) wourcas of ignition and provids ventilatlioen.
parmanant eys dapage. Emall spille-taks up with absorbant material and placa in s hon-
NOTE TC MEYSICIAN: Adrenalin mhould not be glven to persons ovaraxpossd to leaaking contalnar. Evacuste apd ventilate the arsa.
mathylens chlorida. Larga spills-Evacuata tha ar Wear ths approprists respiratlen
CHRONIC TOXICITY aguipmant. Gtop source of laak if possible. Dlke amd
cantain, Knock down vaper cloud with watsr bag, Claap
Chronfic oversxposures to sathylens chloride bave casusad llvar and kidney dlsssss op with vacuum truck. ¥lush araa with water.
in mxparimental animals.
: Kethylane chloride has bsan svaluatad for possible concern Waste disposal mathod:
causing effects ln laboratory animals. Inbhalation studies st concentratlons of Racovarad materlal should be sant to llcensad reclajimar or incinarated.
7,000 and 4,000 ppa incraasad the incidance of malignant liver and lung tamcrs
in mica. Thres inhalation studies of rats have shown increased incidance of be- sSaction IX - Soecial Precauricns
nign Bamsary gland rumors ln femaja rats st cancentrations of 500 ppm and abovs
and increasas in banign mammary g9land tumors in males at concentratlions of 1,500 Precautions to be taken in handiing and storage: Aveid coptact with skin and
& ppn and abova,  Rats sxposed to 30 and 200 ppm vis inhalation showed no im- syas. Avoid breathing vapors. Wash with scap and water bafore
creased incidence of tumors. Mics and rats » ad by ingastion at lavels up to satlng, drinking or smocking. Laundar contaminated clothas before
E 230 ag/kg/day lifetime and hamsters sxpossed ¥ia inhalstion to concentrations ap Causa,

To 1,500 ppa lifatlme did not show an increassd inclidance of tumcre.

Other precautiona: Ksep out of raach of children. D¢ not tranafer contants to
? The Intarnational Ageacy for Cancer Ressarch consldera Liver and lung tumors in bottles or cther unlabeisd containsce C[OF storags. All warrantiss vold it
£ mice as limitad avidenca of anlmal carcloogenlcity. The signiticance of be- repackagad. Cloge container after apch uss. Store in cool, dry placa. Do

1 nign mamsary gland tumors is unknown. , noet stors In dirsct eun light. Keep containar cool. Open contalner slowly
to allow venting. DO NOT USE NEAR HEAT, FLAME OR SPARXS. VAPORS WAY IGNITE
if Eépldemiology studies of 751 bumans chronically expossd to methylene chloride In Ol EXPLODE. Fumes ars heavier than air and wlill collect near thae floor., Air
q the workplace for a sinisum of 20 yaara did not demonstrate any increasa in movemant can causs fumes to traval among rooms and fall to lowar lavels. Oas
deaths caused by cancer or cardiac problams. A second study of 2,237 workars in area equipped according to local building codss and/or asm outlined in the

3 confirued these results. Ewlek Xlesn Operations Manual. For on site usar TURR OFF all gas appllancas,
stoves, water heaters, furnacas, and pilot lights. VENTILATE ares until all
cdor of fumas are gana bafors turning on alectric end gas sarvice. DO NOT
smoka while in usa. Vapors may produce toxic gas when in contact with hot

| surfaces. Daatroy rags, nawspapers ar drop clétbe sftar uss to prevent

4 Hethylans chlorlda has been identified asm an an anlmal carcinogan by WTP, but is
* mot on the IANC or OSHA lists, as of Octobar 33, 19435,

- Eeproductive Toxicity: Reproductive texicity tssts bave besn conducted to . Spontaneécus combustion.

¥ avaluats the sdverss sffects methylenes chlioride may have on raproduction and

b offspring of laboratory ahimals. The results indicate that mathylans chlorise Date of Preparatlon; Octobar 30, 103

K doss not causs birth defects in laboratory animals. Data of most racanpt updata: August 1, 1947

Notics; Xwick Kleen Industrial Bolvants, Inc. belisvas that tha informstion

contalned on chls Katerial Bafaty Data Shast iz accurats. The sujgestad
Secticp VI - Spacial Frotectlon procaduras are bassd on axpsriance and bast materlal at tha data of

publication. They ares pot ne xrily all=lnclesive por fully adsquate in

&, inhslstion) Wone if used in ventilation that keeps vapor concentration avery elrcumstancs, Also, ths suggastjens shculd not be confused with nor
less than 3OO ppe(TWA). Use is not treconmended in lesser followsd in viclation of applicable lswa, regulations, rules, or insurance
wantilation. requiremants. MO WARRANTY, EXFRESSED OR INPLIED, OF MERCHANTABILITY, FITHESE

P OR OTHERWISE IS MADE.
Paga 1 of & Page 4 of &
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APPENDIX B

STATISTICAL ANALYSIS OF THE REAL TIME DATA
Using the SAS General Linear Model Procedure, a model based on a material
balance of contaminants in the air, was developed. This theoretical model, as

generalized, fit with a multiple R squared of 0.938.

Generalized model: C(t) = Bl*A(Ti) + B2Z*B*C({t-1) + €

where:
c(t) = concentration at time t;
C(t-1) = concentration at time t-1 (previous time interval);
B = a constant determined by the theoretical material
balance/dilution ventilation model;
A(Ti) = a level which depends on the task (Ti) and determined
by the theoretical model;
€ = an error term; and
Bl & B2 = constants estimated to adjust the theoretical omes.
then:
Bl = -0.0174 with a standard error of 0.00118; and
B2 - 0.8549 with a standard error of 0.0226.

DILUTION VENTILATION MODEL
The concentration of a vapor at any time can be expressed by a differential
material balance. The starting fundamental material balance, assuming no
contaminant in the supply air, is:

Rate of Accumulation = Rate of Generation - Rate of Removal

VdC = Gdt - Q‘Cdt

After rearranging the differential material balance and integrating from C(t-1)
to C(t), the following evolved:

Gy, - Q'C(E) -Q' At/

G - Q'Cc(t-1
T, - QC(ED)



Ty

Solving the equation

equation:

concentration of vapor at time t (ppm);
concentration at time t-1 (previous time interval);
rate of generation of contaminant during task or

process T; (ppm-cfm);

rate of ventilation (cfm);

design distribution constant, allowing for incomplete

nixing;

Q/K = effective rate of ventilation, corrected for
Incomplete mixing (efm); and

volume of room (cubic feet).

task (1 = stripping; 2 = rinsing; and 0 = other)

at the top of the page for C(t) results in the following

where:

K
lTi

Ky

note:

G -G K

Q'
-Q'Ar/vV

KlT is a function of the room size, room ventilation rate,

Ky

and contaminant generation rate.

is a function of only room size and room ventilation.

This form of the model has three intercepts, one for each task (KlTi),

but the slope of the line showing the relationship between current
concentration (C(t)) and conc%ntration in the previous interval (C(t-1)) is the
same for each task.

The least squares estimates for KlTi and K, are as follows using

the generated data:



Ky; = 0.1764 for stripping with a standard error of 0.0119;

0.0889 for rinsing with a standard error of 0.0089;

~
[
=]

1

0.0588 for all other tasks with a standard error of
0.0056; and

=~
oA
[=]

I

K2 = 0.7108 for all tasks with a standard error of 0.0187.

The assumption that the slope, K,, was the same for all tasks was tested
and not rejected (p < 0.11).
The estimates of the generation rates (Gp, ) and design distribution

constant (K) are obtained by inserting the estimates for Kir, and

K, where Q = 860 cfm and V = 2,300 cubic feet. The resulting estimators
o% GTi and K are neither least square nor maximum likelihood and computing

of standard errors was not performed.

= 9,580 ppm-cfm for stripping;

G,

82 = 4,830 ppm-cfm for rinsing;

80 = 3,190 ppm-cfm for all other tasks; and
K

0.0548 for the room,

The generation rates (GTi) appear reasonable, but the room mixing factor (K)

is quite small which results in a large effective ventilation rate. The normal
range for K Is 3-10. Obviously, the ventilation rate is greater than that of
the local exhaust ventilation alone. This may be due to the large open window
and the two open doors in the stripping area. Assuming an average wind
velocity of 200 fpm and a open window area of approximately 24 square feet, the
average flow rate through the window was 4,800 cfm or four times the exhaust
rate of the local ventilation. Alr movement through the open doors was
calculated using a velocity traverse of the doorways, and at the time of

]
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measurement, contributed an additional 3,000 cfm to the rate of ventilation for
the stripping area. This additional flow increased the room mixing factor to
0.5, which indicates that we are still underestimating the flow of air through
the room.

When tasks (Ti) are conslidered for each item (I:), different parallel lines
Intersecting the concentration axis at seven di%ferent peoints which define a
new set of K;'s. The effects of both item and task, by or within item,

were statistically significant (p < 0.0001).

The estimates of K,, K, KlTin' and GTiI are as follows:

K, = 0.6501 K = 0.0434
Kiic = 0.3020 Kjoe - 0.1447
G1c - 17090 Gpe = 8190
K;p - 0.1978 Ky,p = 0.1027
Gip = 11200 Gop = 5810
Gpy = 4043
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All results are based on serially dependent data, with no correction for serial
dependence. An empirical model was developed to assist the investigators in
generating hypotheses for investigation in future analyses:

C(t) = 0.16 + 0.635 * C(t-1) + I{(t) * Tq(t)

+ 0.00133 * STRIP_TIME | ITEM = C)
where:

c(t) is the estimated concentration of vapor at time t {ppm)};

c(t-1) is the estimated concentration at time t-1 (previous time
interval);

Ij(t) is an amount depending on the item I. (C = chair; D =
desk; R = reoll top desk; and N = %othing) being processed
at time t.

Ty (t) is an amount depending on the task T; (1 = stripping;

2 = rinsing; and 0 = other) and item being processed I.
at time t; and J
STRIP_TIME (| ITEM = C) is the number of time intervals the stripping
of item C has occurred continuously. This coefficient is
positive, which indicates that the concentration
increases as the time spent stripping item C increases,

The factors which are statistically significant are:

Concentration in the previous time interval (C(t-1)) was by far the most
important (p < 0.0001) and there was high autocorrelation among the data;

The item (I;) being processed alters the intercept or the general level
(p < 0.00017;

The task (Ti) being performed for each item (IJ) also alters the
intercept or general level (p < 0.0001); and

The amount of time spent stripping, but only for item C (p <0.002).
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Pair-wise differences among the four items (I;) were analyzed using the Least
Square estimates of item levels when the concentration of the preceding time
interval was set to its average value. Two tailed t-tests were performed for
each of the 6 possible comparisons. The significance level required to reject
the null hypothesis of no difference was calculated using the Bonferroni method
to yleld overall Type I error of 0.05 and was equal to 0.06/6 = 0.0086 or
lower,

The results can be graphically presented as follows, with the items appearing
in decreasing order of estimated concentration level:

I T E M
c R| O
I cCl+ M| Y| Y
T D|IM|+|N|Y¥Y
E R Y|[N|+]Y
M OfY|Y,Y ]|+
where:
C = chair;
D = desk;
R = roll top desk;
0 = no item;
Y = differences between the items are statistically significant;
M = differences between the items are marginally statistically

significant (p = 0.0175);
differences between the items are not statistically
significant; and
+ = not applicable.
3

-4
[ ]

3
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Task differences were analyzed in the same manner as item differences. There
were 21 differences, which required the level of significance to be 0.0023
(0.05/21) to achieve and overall level of 0.05.

The results can be graphically presented as follows, with the items appearing
in decreasing order of estimated concentration level:

P R O C€C E S S

STRIPPING RINSING OTHER
C|D|R|OJJC|D|R|OJ}JC|D|R|]O
C|+|N|N|+|IM]|]Y | Y|+ +]|+]+ (¥
S
T|IDfN|+| N |+ Y |Y|Y|[+{|+]|+]|+|Y¥
R
IR|N|N|+|+[|N|M|N|+}|+|+]+]Y¥
P P
ofl+ |+ |+ | ++|+ |+ |+ +]|+]|+]|+
R
C|IM|Y|N}|+[+ | N|N|+||+|[+]+]Y¥
o) R
I(DY|Y|M|+|IN[+|N|+[|+]|+]|+]Y
C N
SIR| Y| Y|N|+|N|N|+|+}+]|+]|+]|N
E E
ofl+ |+ |+ |+ +]|+|+]{+]|+]+]|+]+
S
cll+|+|+ |+ +|+]|+]+}+|[+]+]+
S o
TIDf+ |+ |+ +]|+|+|+]|+|+]+]|+]|+
H
EfRf+|+]+|+|+|+|+]|+|+]|+]|+]|~+
R
Ol Y{ Y| Y|+ [JY{Y|N]|+]+]|+]+]+
where:
C = chair;
D = desk;
R = roll top desk;
0 = no item;
Y = differences between the items are statistically significant;
M = differences between the items are marginally statistically
significant (p < 0.025);
N ~ differences between the items are not statistically

significant; and
+ = not applicable.

In general, concentration was greatest for stripping and least for other.
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