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Model making activities are conducted in five different areas of the
facility; 3 rooms on the building's west side, one area in the center of
the building, and one room on the building's northeast side. With the
exception of the northeast side model shop, which has its own air
handling system, general ventilation is achieved through openings in the
building's structure. Portable shop vacuums are present in all of the
wood shops for general cleanup, and are also utilized as a source of
Tocal exhaust ventilation on several of the portable power tools. A
separate area of the building, referred to as the wood shop, contains
the 1arge powered woodworking-equipment, with each machine individually
equipped with local exhaust ventilation. NIOSH/MSHA approved disposable
dust respirators are made available to all employees.

B. Plastic Shop Operations

In the area of the facility referred to as the plastic shop, the
surfaces of wood models are reproduced to form plastic duplications~and
production molds. In this process, a parting agent is initially applied
to the surface of the wood model, followed by the addition of several
layers of epoxy and fibergTass cloth. Each mold is then backed with
plywood and/or a metal frame in addition to an assertment of hinges,
clamps, and other hardware. In a similar manner, a second cast may be
constructed from the surface of the plastic model, which results in a
plastic duplication of the original model. This may in turn be used to
create a cast aluminum or iron mold. :

J ; .
Epoxy resin and hardener systems are the primary materials used in these
operations. The resins and hardeners are stored and mixed in a separate
area of the plastics shop. An automatic stirrer in the mixing area is
equipped with local exhaust ventilation that exhausts through a wall
into the adjacent hallway. Following mixing, the resin is applied to
the surface of the model with a brush, and then covered with a Tayer of
fiberglass cloth. The-cloth often requires hand pressing to ensure
proper adherence to the contours of the model. Rubber and plastic
gloves are made available to the employees for this purpose. Small
containers of various solvents (e.g.: kerosene, acetone, Solvent 311,—
and methyl alcohol) are utilized when working with the resins. In
addition, small quantities of other materials (e.g. styrene, urethane
hardeners, and polyester resins) are occasionally utilized for some
molds. No local exhaust ventilation is present in the general work area-
where the plastics operations occur. Openings in the building structure
provide the only source of general ventilation; although, a relatively
high-ceiling (approximately 35 ft) does allow for appreciable dilution
of any volatile vapors. .

C. Miscellaneous Operations

A variety of other activities are conducted to support the plastic
duplication and fixture building activities. Spray painting of plastic
models is conducted in a spray booth equipped with local exhaust
ventilation; however, on occasion, large "stack" models may require
painting in the shop area. A separate booth equipped with local exhaust
ventilation is used. for grinding metal and plastics, along with other

mi scellaneous tasks. A welding booth is also present in the southwest

corner of the b 11d1nq %nd utilizes a modified window type exhaust fan
as its source of ventila
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Occupational Safety and Health Administration (OSHA) occupational health
standards. Often, the NIOSH recommendations .and ACGIH TLV's are lower
than the corresponding OSHA standards. Both NIOSH recommendations and
ACGIH TLV's usually are based on more recent information than are the
OSHA standards. The OSHA standards also may be required to take into
account the feasibility of controlling exposures in various industries
where the agents are used; the NIOSH-recommended standards, 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 requ1red to meet only those
levels specified by an OSHA standard.

A time-weighted average (TWA) exposure refers to the average airborne
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.

A. Wood Dusts .

The principal health effects reported from exposure to wood dust are
dermatitis, respiratory disease, and nasal cancer. - Nasal cancer,
however,* has been reported only in wood workers in the furniture
industry using certain types of hardwoods. Allergenic woods such as
certain members of the birch, pine, dogwood, beech, mahogany, mulberry,
and myrtle families may cause asthma and contact dermatitis in
sensitized individuals. Recent investigations have found impairment of
nasal mﬂcoc1111ary clearance from wood dust, and one study noted that
mucostasis 1ncreases in direct prOport1on to the dust concentration (63%
at 25.5 mg/M3 and 11% at 2.2 mg/M3). Since some researchers argue

that impaired mucocilliary function may play a role in the development
of nasal cancer due to prolonged retention of wood dust in the nasal
cavity, ACGIH recommends a TLV of 1 mg/m3 for hardwood dusts, and a

TLY of B mg/M for soft wood dusts.3 Currently, no OSHA standard
exists specifically for occupational exposure to wood dust.

B. Formaldehyde

The primary health effects of exposure to formaldehyde are irritation of
the respiratory tract, eyes, and skin. Concentrations of 0.1 to 5 parts
of formaldehyde per nﬁ11ion parts of air (ppm) can cause eye, nose, and
throat irritation. Formaldehyde has been shown to induce a rare form of
nasal cancer in laboratory animals and to have mutagenic activity in
several test systems. Although humans and animals may differ in their
susceptibility to specific chemical compounds, any substance that
produces cancer in experimental animals should be considered a cancer
risk to man.% The current Occupational Safety and Health .

Administration (OSHA) Permissible Exposure Limit (PEL) for formaldehyde
is 3.0 ppm as an eight-hour time weighted average (TWA).® The NIOSH
recommended standard for occupational exposure to formaldehyde was 1.0
ppm based on any 30 minute sampling period. This recommendation was
designed to prevent irritation effects. However, NIOSH recommended in a
Current Intelligence Bulletin issued in April 1981, that formaldehyde be
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VI.

sensitization. Vapors given off at high temperatures may cause -
irritaton of the respiratory tract and the lungs, and repeated
inhalation may give rise to asthmatical attacks.2 The ACGIH TLV for
ethylenediamine is 10 ppm gs an 8-hour TWA, and 1 ppm for diethylene
triamine as an 8-hour THWA.

G. Welding Fumes

A consideration of the constituents of welding fume is of primary
importance in assessing worker exposure to toxic agents. The more toxic
compounds (e.g. chromium - present in stainless steel) will have a
greater effect in small quantities than will the less noxious
compounds. However, since the effects of exposure to many different
compounds at the same time is considered cumulative, total fume
concentration is often measured. Conclusions based on total fume
concentration are generally adequate in the absence of the
1dent1f1cat1on of the specific toxic constituents. ACGIH recommends a
TLV of 5 mg/M3 for an 8-hr TWA for total welding part1cu1ate 3 The
DSHAsstandard for total airborne particulate is 15 mg/M3 for an 8-hr
TWA.

RESULTS i
A. Environmental

Personal breathing zone and area air samples collected for tota1 wood
dust revealed TWA concentrations ranging from 0.37 to 4.0 mg/M3, with
a mean of 1.7 mg/M3. When /examined by job, the highest average
persgnaT exposures were detected for the wood shop employee (2.6
mg/M3), followed by the model makers (1.8 mg/M3). A1l three

persona1 samples collected for the wood shop employee were above the .
ACGIH TLV for hardwood dust of 1.0 mg/M3. Two of four personal
samples collected for wood model makers were above the ACGIH TLV, but in
both instances the work activity included a substantial amount of time
using powered equipment in the wood shop. Although in most instances,
exposures were to a combination of hard and soft wood dusts, the more
restrictive criteria for hardwood dust has been utilized in this
report. A complete listing of the results is provided in Table 1.

Phenol was not detected in area samples collected during the
environmental survey of February 16, 1983, near the impreg stock area
and in the wood working shop where impreg was being sanded; however,
formaldehyde was detected in these areas at concentrations of 0.18 and
0.12 ppm, respectively. During the follow-up survey of April 28, 1983,
using a more sensitive sampling and- ana1yt1ca1 method, a detectabTe
level of formaldehyde (0.083 ppm) was found in only one of three area
samples. Al1 concentrations were below the current OSHA standard of 3
ppm. A complete listing of these results is provided in Tables 2, 3,
and 4. :

Results of the samples collected for epoxy resin components did not
reveal detectable concentrations of epichlorohydrin or DGEBPA.

Bisphenol A was detected in one of the three samples at a concentration
of 0.002 mg/M3, No detectable levels of aliphatic polyamines were
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. DISCUSSION AND CONCLUSIONS

found in any of the four personal and area samples collected during the
use of the epoxy resin hardeners. Concentrations of all substances were
well below their corresponding environmental criteria. A complete
1isting of these results is provided in Table 5.

Personal breathing zone samples collected for tota1 welding particulate
revealed TWA concentrations of 1.2 and 2. 0 mg/M in samples collected
during welding in the booth, and 2.8 mg/M in a sample collected

during welding out of the booth. A1l samples were below the ACGIH TLV
of 5.06mg/M3. A complete 1listing of these results is presented in
Table 6. -

B. Medical

In general, the employees interviewed at the wood and plastics
operations did not report a substantial number of work related health
problems. The most frequent problem, occasional episodes of dermatitis,
was reported by five employees. Other more isolated complaints included
occasional irritation, headaches, and noise. Situations cited by the
employees as contributing to unnecessary exposures within the facility
included spray painting outside of the booth, and the failure of -
employees to replace 1ids on solvent containers and other substances”
used in the workroom area. Since no consistent abnormalities were
identified among the employees, further epidemiologic fo110w-up was not
conducted.

/
/

A. Survey Results s

The results of the environmental samples indicated that wood dust was
found to be in excess of the evatuation criteria during the surveys.

A11 three personal samples collected for the wood shop employee, and 2
of 4 personal samples collected for wood model makers were above the
ACGIH TLV of 1.0 mg/M3 for hardwood dust. As would be expected, the -
major source of the wood dust exposure was the operation of powered wood
working machinery. This was confirmed through visual observation, as
well as, the environmental findings. Although the majority of the
machines were equipped with local exhaust ventilation, it was not always
effective in controlling dust generation. Some types of machines (e.g.
routers and shapers), by virtue of their design, do not allow for
effective dust control with traditional ventilation systems. Often
times, dust particles are directed with such force, or in a direction
such that the flow of air into duct work is unable to effectively
capture them. In such instances, the use of a NIOSH approved dust
respirator would be appropriate as a supplement to the existing Tocal
exhaust ventilation.

Area samples, collected for the purpose of assessing the possibility
that resin components might be liberated during the storage or use of
impreg, did not reveal any detectable levels of phenol. Low levels of
formaldehyde were detected in the two solid sorbent tube samples
collected during the initial environmental survey (average 0.15 ppm);
however, the more sensitive impinger samples col ected during the
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housekeeping efforts, and the use of personal protective equipment.

This effort should be continued, with constant attention being given to
maintaining existing ventilation systems and implementing improvements
where possible. In addition, the need for keeping employees informed of
the proper use of personal protective equipment, and the need for good
work practices and personal hygiene should continue to be stressed.

RECOMMENDATIONS -

Based on the results of environmental monitoring and observations of"
employee work practices, the following recommendations are made in order
to reduce employee exposures.

A. Wood Working _

1. Engineering Controls - The local exhaust ventilation systems at -
woodworking machinery should be regularly inspected to insure that
they are properly operating, and on-going efforts should be made to
improve these systems where possible. Sufficient flow rates should
be maintained to capture and carry away the generated wood dust.
Specifications for air flow (capture and transport velocities) as’
well as recommendations for ventilation system design for a variety
of these machines can be found in the ACGIH pub]1cat1on Industrial
Ventilation.1l5

! - '

2. Personal Protective Equipment - Employees should be encouraged to

utilize NIOSH/MSHA approved dust respirators during use of machinery

in the wood shop (e.g. shaper, router, and sander operation) and
during the use of hand-held powered wood working toots (belt sanders
etc.) which often generate large amounts of dust. Additionally,
since precision hand sanding often places the workers breathing zone
close to the point of.dust generation, respirators should be made.
available for this activity also, particularly when working with
impreg and other hardwoods. Safety glasses and face shields should
continue to be utilized when using any powered woodworking equipment.

3. Work Practices, Housekeeping, and Personal Hygiene - Workers should
be discouraged from using compressed air to clean clothing,
machinery, or their work area. Portable vacuums should be utilized
for this purpose whenever possible in order to avoid the resuspension
of dust in the work environment. A regular housekeeping schedule
should be established in order to remove dust from equipment, work
areas, and overhead structures. Employees involved in these
activities should utilize full length clothing and respiratory
protection. Vacuums and wet methods of cleaning should be used in
preference to dry sweeping.

‘B. Plastic Shop

1. Engineering Controls ~ Ventilation in the mixing room could be
improved through the addition of a hood to the existing duct.
Exhausting of this system to the outside of the building would
provide less opportunity for contaminants to be recirculated into the
workroom area. Local exhaust ventilation systems within the paint

.
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XI. DISTRIBUTION AND AVAILABILITY OF DETERMINATION REPORT

Copies of this Determination Report are currently available upon request
from NIOSH, Division of Standards Development and Technology Transfer,

- Information Resources and Dissemination Section, 4676 Columbia Parkway,
Cincinnati, Ohio 45226. After 90 days the report will be available
through the National Technical Information Services (NTIS), Springfield,
Virginia. Information regarding its availability through NTIS can be
obtained from NIOSH publications office at the Cincinnati address.
Copies of this report have been sent to the following:

. D &F Corporation
. Requestor
. Pattern & Model Maker' Association of Warren and V1c1n1ty, Local Union
. U.S. Department of Labor, OSHA - Region V
. NIOSH Regional Offices/Divisions

m-:awr\:-—

For the purposes of informing the affected employees, copies of the
report should be posted in a prominent place accessible to the
employees, for a period of 30 calendar days.
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