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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.

Vi
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[. Summary

On March 21, 1983, the National Institute for Occupational Safety and Health (NIOSH)
received a request for a health hazard evaluation to determine the employees' exposures
at the screen printing and ink blending operations to xylene, other solvents and dust at

the Pean Emblem Company, Philadelphia, Pennsylvania.

An initial visit was made to Penn Embiem Company on April 13, 1983. Environmental
surveys were conducted on April 19-20, 1983 for cellasolve, cellosolve acetate, xylenes,
methylen2 chloride and toluene-2,4-diisocyanate (TDI). Nue to sampling prablems for
methylene chloride, repeat samples were taken on August 31, 1983.

Personal and area air samples were collected at the silk screen printing operations, ink
blending and screen cleaning operations for cellosolve, cellosolve acetate, xylenes and
TDI. Operator's exposure at the screen printing operation for cellosolve ranged from
4.90-9.14 ppm (per million parts of air), for cellosolve acetate 2.20-7.57 ppm and
xylenes 1.22-5.18 ppm. Operator's exposure at ink blending to cellosolve ranged from
3.84-6.95 ppm, to cellosolve acetate 9.05-15.2 ppm and to xylenes 3.88 to 12.9 ppm.
Operator's exposures at the screen cleaning operation ranged from 13.4-19.4 ppm for .
cellosolve, 2.05-3.70 ppm for cellosolve acetate and 1.34-2.30 ppm for xylenes. All air
samples collected for TDI were below the limit of detection which was 0.3 microgram per
sample.

The respective Occupational Safety and Health Administration (OSHA), NIOSH and American
Conference of Governmental Industrial Hygienists (ACGIH) criteria for cellosolve are:
200 ppm, Lowest Extent Possible (LEP) and 50 ppm. For cellosolve acetate: 100, LEP and
500 ppm and for xylenes all state 100 ppm. ACGIH has proposed a standard of 5 ppm for
both cellosolve and cellosolve acetate. '

Since the solvent in the ink is a mixture, a formula had to be used to determine the
Threshold Limit Value (TLV) where the concentration and time of exposure were considered.
Samples for the individual components and mixture formulas did not exceed OSHA standards.

Ten of the 15 air samples collected for cellosolve and six of the 15 air samples
collected for cellosolve acetate exceeded the proposed ACGIH of 5 ppm. All.ls ??Tples
exceed the proposed ACGIH and NIOSH TLV for mixtures 1.09-4.19. Limit is unity .

On August 31, 1983, 20 air samples were collected for methylene chloride at the screen
repair, blending and screen washing operations. The following are the criteria for this
substance: OSHA - 500 ppm, NIOSH - 75 ppm and ACGIH - 100 ppm. Employees' exposures
did not exceed these criteria at the blending (15 ppm TWA) and cleaning (16 ppm TWA)
operations. However, the NIOSH and ACGIH time-weighted average (TWA) was exceeded at
the screen repairing station (154 ppm TWA).

NiOSH has determined that-under the present criteria there are no excessive
exposures to cellosolve, cellosolve acetate and xylene mixture solvent.

When the proposed ACGIH criteria for cellosolve and cellosolve acetate are
utilized, individual component and combined solvent exposure criteria are
exceeded. Exposure to methylene chloride exceeded the ACGIH and.NIOSH criteria at
the screen repair station. Recommendations have been incorporated in this report
for controlling exposure to the solvents.

KEYWORDS: SIC 3999 (Miscellaneous manufactured products; decals and logos), cellosolve,
cellosolve acetate, xylene, methylene chloride, chest pains/congestion, nose bleeds,
headaches, menstrual problems.
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I:. Introduction

Cn “Yarch 21, 1983, 3 request was submitted by Local 837, Teamsters Lnion expressng
concern that the press operators and ink blenders are not feeling well as a result of
exposure to xylene and cother solvents.

II1. Background

Cn April 13, 1683, the NIOSH Regional Industrial Hygienist met with representatives of
the company and the employees for the opening and closing conferences and walk-through
survey. Cn April 12-20, 1983, environmental air sampling and the administration of
non-directed medical questionnaires were completed to gather data regarding the adverse
health effects the employees were experiencing. An interim report was sent to plant
management and the representative of the employees in July 1983. It included
recommendations for protective clothing, housekeeping and ventilation.

On August 31, 1983, .additional environmental air sampling was conducted.

Penn Emblem Company cesigns and manufactures emblems, name badges and logos for
uniforms. At the request of the customer, a design is composed. This is transferred to
silk screens. Each screen contains one phase of the final emblem. Using successive
silk screen printings and various colored inks, the final emblem or logo is produced.
There is a drying period following each printing. After drying the sheets are die cut
and packaged. i

Solvents are used as diluents for the inks, screen and plate cleaning and screen
washing. At the screen repair operation, methylene chloride is used to soften the
hardened ink so that it can be scraped off. ,
Penn Emblem Company performs their own periodic atmospheric air evaluations. Air -
samples collected are anaiyzed by an independent Tlaboratory.

IV. Envircnmental Design

a) Cellosolve, Cellosolve Acetate, Xylenes

Fourteen personal air samples were collected at the silk screen printing, ink blending
and screen washing operations on April 19-20 and August 31, 1983. These samples were
collected on charcoal tubes and with sampling pumps operating at approximately 150 cubic
centimeters (cc) per minute.,  The A & B sections of the charceal tubes were analyzed
using NIOSH Method PRCAM :27(73 with modifications. The limit of detection for these
analytes was 0.01 milligram per sample (ma/s). : : ' :

Two of the adove persenal air samnles taken at the screen cleaning opneration were
aquib'\na}iy anziyzad for r=fhv1=ne chleride. Anaiyses of these samnles showed that
srzater than 30 percert 57 the methylene chleride was sn the 3 secticn of the charcoal
tupe. 1nis necessitated a reevaluation for this contaminant.
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~} Methylene Chloride

wenty personal air samples were collected for methylene chloride on August 31, 1983 at
he ink nlending, screen washing and screen repair operations. Thesa samples were
coliactea on charcoal tubes with sampling pumps operating at =0 cc per minute. The
sampls size was approximately 2.25 liters. These samples were anaiyzed by gas
chromotography using NIOSH Method S$-329 (1) with modifications. The 1imit of detection
was 0.01 mg/s.

ot —

c) 2,4-Toluene Diisccyanate {Diisocyanate)

A material safety data sheet supplied by the manufacturer stated that the ink contained
0.7% based on resin solids of 2.,4-toluene diisocyanate. Nine personal air samples were
collected at the ink mixing and screen printing operations on glass wool tubes and were
analyzed by modifications of NIOSH Method P&CAM 326(1). The limit of detection was 0.3

microgram per sample,
d) Silica

There was some concern about a thickening agent used in the ink blending area. A bulk
sample of the material was submitted for analysis. This sample was analyzed for quartz
and cristobalite by NIOSH Method P&CAM 259. The lower 1imit of quantitation was 0.03
milligram based on a 2-milligram portion for both polymorphs of silica. Both polymorphs
were below this value. -

e) Carbon monoxide

On August 31, 1983, several area samples during the sampling period were taken with ,
Draeger short-term indicator tubes and hand-held bellows pump for carbcn monoxide. (In
" the presence of carbon monoxide, an indicating layer in the tubes discolors from white
to brownish-green, and the length of the discoloration corresponds to the carbon
monoxide concentration in parts per million.)

V. Evaluation Criteria

A. Environmental Criteria

As a guide to the evaluation of the hazard posed by 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 thess levels. A small parcentage may experience adverse health
effects because of individual susceptibility, a pre-existing medical conditions, 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 perscnal habits of the worker
¢ produce health effects even if the occupational exposures are controlled at the level
set by the evaluation criterion. 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.



tion criteriz may change over the years 2s n2w information on the toxic
gert becomes available.

Tne primary sources of environmental evaluation criteria for the workplace are: 1)
NIOSH Criteria Documents and recommendations, 2) the American Conference of Govermental
Industrial Hygienists [ACGIH) Threshold Limit Values (TLV's), and 3) the U.S. Department
of Labor (CSHA) occupational standards. Often, the NIOSH recommendations and ACGIH
TLV's are Tower than the corresponding OSHA standards. 3oth 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 required 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 1imits or ceiling values which:are intended to supplement the TWA
exposures.

The criteria for the solvents are contained in Tables 3 and 4.
B. Solvents

The solvents used in the paint and ink industry are usually a mixture of hydrocarbons.

A suitable hydrocarbon thinner should function somewhat as follows. It should have the
power to dissolve the vehicle, i.e., to unpack it and disperse it uniformly, and to
maintain solution or dispersion, during storage at room temperatures to be encountered.
It should reduce viscosity as efficiently as possible, while fulfulling the necessary
requirements as to solvency and volatility. It must evaporate from the freshly
laid-down film in such a fashion that a uniform coating, of maximum overall adhesion, is
deposited on the surface. The hydrocarbons found in the ink were cellosolve, cellosolve
acetate and xylenes. The hydrocarbon used for cleaning and repair was methylene
chloride.

1. Celiosolve and Cellosolve Acetate (2) - cellosolve is readily hydrolyzed in
the body to 2-ethoxyethanol (ethylene glyccl monoethyl ether) a glycol ether. The
National Institute for Occupational Safety and Health (NIOSH) recommends that glycol
ethers be regarded in the workplace as having the potential to cause adverse
roprcduct1vc effects in male and femaie workers. These recommendations are hased on the
resuits of several recent studies that have demonstrated dose-related embryotoxicity and
Jther reproductive effacts in several cpacies of anmimals axposed by Zifferent routes of
administrazion. Of particular contern are these studies in which exnosure of pregnant
animals *o concenirations of glyccl e=hers 2t or below their respective Occupational

Safaty and =ealth Administration (OSHA) Permissinle Exposure Limits (PEL's) led %o
increased incidences of embryonic ceath, *eratcgen°s1s or grcowth retardation. Exposure
of male animals resulted in *e<t1CUlar atrophy and sterility. In each case, the animals

hia neen axposed to glycol ethers at <oncentrations at or below their respective

OCLJDatiCﬂa] Safety and Health Administration (OSHA) Permissibie Zxpasure Limits

(PEL's). Therefore, appropriate controls should be instituted to minimize worker
axposure to soth compounds.
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2. Xylenes (3) - Xylene vapor may cause irritation Of the ayes, nose, and throat.
Repeated or prolonged skin contact with xylere may cause drying and defatting of the
skin which may lead to dermatitis. Liguid xylene is irritating to the eyes and muccus
membranes, and aspiration o¢f few milliliters may cause chemical oreumonitis, pulmeonary
edema, zn¢ hemorrahage. Repeated exposure of the eyes to high concentrations of xv'ene
vapor may cause reversible eye damage.

dcyte exposure tc xylene vapor may cause central nervous system depression and minor
reversinle effects upon liver and kidneys. At nhigh concentrations xvlene vapor may
cause dizziness, staggering, drowsiness, and urconsciousress. Also at very high
corcentrations. breathing xylene vapors may cause pulmenary edema, 2ancraxia, nausea,
vomiting, znd abdominal nain.

3. Methylene Chloride (4,5) - Repeated contact with methylene chloride may cause
a dry, scaly, fissured dermatitis. The liquid and vapor are irritating to the eyes and
Jpper respiratory tract at higher concentrations. If the Tiquid is held in contact with
the skin, it may cause skin turns.

vethylene chloride is a mild narcotic. Effects from intoxication include: headache,
giddiness, stuper, irritability, numbness, and tingling in the limbs. Irritation to the
eyes and upper respiratory passages occurs at the higher dosages. In severe cases,
observers nave noted toxic encephalopathy with hallucinations, pulmenary edema, coma,
and death. Cardiac arrythmias have been produced in animals but have not been common in
human experiences. Exposure to this agent may cause elevated carboxyhemoglobin levels
which may be significant in smokers or workers with anemia or heat disease, and those
exposed to carbon monoxide.

yI. Results and Discussion

Fourteen personal environmental air samples were collected for cellosolve, cellosolve
acetate and xylenes at the screen printing, ink blending and screen washing operations.
a) Callosolve - Exposure to cellosolve ranged frem 2.55 to 10,4 ppm. There was one
sample that showed an exposure of €8.3 ppm. This value wasaunexpectedly high. Nine of
the environmental air samples exceeded the proposed ACGIH criteria. (Table 1)

b) - Cellosolve Acetate - Exposures to cellosolve acetate ranged from Z.QS to 15.2 ppm.
Five of the environmental air samples exceeded the proposed ACGIH criteria. (Table 1)

c) Xylenes - Xylene exposures ranged from 1.22 to 12.9 ppm. ATl employee exposures were
well below the accepted criteria. (Table 1)

¢) Methylene Chloride - On April 19 and 20, 1983, two atmospheric air samples coltected
at the screen washing operation were analyzed for methylene chloride. Concentrations
found were 17.1 and 29.6 ppm respectiveiy. Work was intarmittent at the screen repair
station znd this operaticn could not be evaluated. DJue %o tre fact that 30% of the
~ethylene cnioride was found on part B of the charcoal tube. 211 operaticns where
methylene chloride may have been present, viz., ink 5lending, screen cleaning and screen
~epair, sere reevaluated on August 31, 1983. <Sarples ccliectsd wers for approximately
35 minctes and maximum air volume of 2.5 liter. The emplioyee 2XpOSuras to methylene
cnioride ranged from 15 ppm at the ink mixing and scrzen claaning operation to 154 ppm
at the scresn repair operations. Exposure it the screen repair apdration axceeded the
4I0SH and ACGIH criteria and approached (483 ppm) the ACGIH shori-tzrm exposure limit of
500 ppm for 15 minutes. (Table 2) :
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