


PREFACE

The Hazard Evaluations and Technical Assistance Branch of NICSH conducts field
investications of possible hea1th Fazards in the workplace. These
investigations are conducted uncer the authority of Section 20(a)(€) cf the
Occupational Safety and Health Act of 127C, 2¢ U.S.C. €6€(a)(€) which
authorizes the Secretary of Health and Human Services, following a written
recuest from any enployer or authorized representative of employees, to
determine whether any substance normally found in the place of employment hac
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, ancd incustrial hygiene technical anc consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or indivicduals to control occupaticonal 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.
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SUMNARY

A health hazarc evaluation was conducted by the hational Institute for
Occupational Safety and Health (NIOSH) at Ceaugz Company in Middlefielc, Ohio,

on February 11-1Z and Decerber £-10, 1SE1. The purpose of this evaluation was
to study possible hazards to employees resulting from occupational exposure to
various substances used or evolved in rubber manufacturing operations. Environ-
rental samples were taken to measure exposures to carbon disulficde, carbon tlack,
nitrosarines, ammonia, benzo(a)pyrene, aniline, rubber compoundinc particulates,
cellcsolve acetate, anc isobutyl acetate. Medical questionnaires were
administered tc relate these exposures to health effects.

Arong extrucer and mold press operators, carbon disulfide breathing_zone
exposures rangec from C.1€ to £.64 millicrams per cubic meter (mg/M3).

E1grteen (6€2) cf the sarples exceeded the NICSHE recomrended criterion of

3 rg/h No exposures exceeded the ACCIH TLV or OSHA Standarc. Exposures to
four nitrcsanine corpounds were also identified includinc K-nitrosodimethylamine
(NCKA), M=nitrosccdiethylamine (NDEA), N-nitrosodibutylamine (NDBA), and
K=nitrosororpholine (NMOR). Air levels ranged fror non-cetectable (ND) to 13.4
ricrogrars (uc) per cubic meter for NCIMA, NC to C.4 ug/M3 for NDEA, KD to 1.3
uo/N3 for NCBA, and N tc .5 ug/M3 for NMOR. Mold press operators'

exposures to benzo(a)pyrene (EaP), amronia, and aniline are as fo11gus BaP was
detectec¢ in one of four air samples at a concentration of 0.53 gg/h ; ammonia
concgntrat1ons in six air sanp1es ranced from 0.08 to 0.35 mg/M° (mean: 0.16
ng/l'°, below the TLY of 1€ rg/ﬁ ); aniline was not detected. Carbon black

dust concentrations in four a1r samples obtaineg from the bantury compounders
renged from 0.58 to 4.15 me/li3 (rean: 1.€ wg/M3). The cyclohexane

extractable (CHE) fraction for these samples rancec from 0.07 to 0.8&C mg/h
(mean: 0.2C mg/M3). The NIOSH recommencec criterion is 3.5 mg/M3 for

carbon black particulate and 0.1 mg/l3 to the CHE fraction. Because these
sanples containec other orcanic material apart from the carbon black and given
that one of the carton blacks in use had a significant amount (40% by weight) of
naphthenic oil added to it, the actual CHE concentrations may be lower than that
reasured. Total anc respirable cust concentrations for the small incredient
compouncer ranged up to 1.45 and C.25 mg/M3, respectively. The combined
exposures of the paint mixer and the spray painters to cellcsolve acetate anc
isobutyl acetate ranced up to 48% of the calculated TLY for mixtures. A bulk
sanple of the talc did not contain reasurable arounts of asbestos or silica.

Guestionnaires were administered to 10C current workers in the mixing, molded,
extrudec, and extruced finishing cepartrents. Extrucdecd finishing workers
reported symptoms compatible with organic solvent exposure, but the exposures
measured on the days cf the survey did not support the questionnaire finding.
Patterns and rates of reported reproductive cifficulties and abnormal pregnancy
outcome could not be assessed conclusively in such 2 small population, but did
noct appear to be remarkable.

Cn the basis of the information collected during the investication, NIOSH
deterrined that workers at Geauga Company, Middlefielc, Ohio, were exposed to
potentially toxic levels of carbon cisulfide, carbon black, and nitrosamines.
Reconmendations to protect the health anc safety of the workers are presentec in
Section VIII of this report.

KEYKCRDS: SIC 306 (Fabricated Rubber Products), carben cisulfide, carbon black,
nitrosanines, NDMA, NLEA, NCEA, NMOR, benzc(a)pyrene, PNA
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VI,

D. Benzo(a)pyrene® 29

Benzo(a)pyrene (BaP) belongs to a class of compounds commonly known as
PNA's. PNA's are common environmental contaminants. Occupational
exposures may occur in a variety of industries where coal-derivatized
materials are used, such as coke plants, aluminum plants, carbon black
plants, and tire and rubber manufacturing facilities. Non-occupational
exposures may occur from such sources as tobacco smoke and certain
foods.

Benzo(a)pyrene as well as many of the other PNA's have been shown to be
carcinogenic in animals., Epidemiological studies of the cancer

mortality rates among workers in the steel, roofing, and gas industries
indicate that high PNA exposure is associated with increased mortality

from lung cancer,
Currently, no occupational exposure limits have been established for

PNA's. Based on the available information, these compounds are suspect
human carcinogens and thus exposures should be reduced to the lowest

feasible level.
RESULTS

A. Environmental

A summary of the environmental data is presented in Table III.
Sampling results for individual contaminants are presented by location
and job classification in Appendix A through I.

1l Carbon Disulfide

Twenty=six personal breathing zone air samples were collected during
rubber extruding and compression molding operations. Detectable levels
of carbon disulfide (CS;) were measured in all 26 samples. Exposures
rangeg from 0.16 to B.64 milligrgms of CSy per cubic meter of air
(mg/M”°) with a mean of 4.00 mg/M> (Appendix A). The average

airborne CS; exposures for job classifications sampled were as
follgws: extruder operator, 4.57 mg/M3 (range, 4.00 to 4.96

mg/M?); cure heater operator, 5.g5 mg/M3 (range, 3.72 to 5.91

mg/M3); mi1l operator, 0.18 mg/M> (range, 0.16 to 0.19 mg/M3);

and mold press operator, 4.07 mg/M° (range, 0.22 to 8.64 mg/Mél.
Eighteen (69%) of the 26 samples exceeded the NIOSH recommended
criterion of 3 mg/M3. The excessive air concentrations were measured
for a1l job classifications evaluated, except the 40" mil1l_operator.
No exposures exceedsd the ACGIH recommended TLV of 30 mg/M3 or the
0SHA PEL of 60 mg/M~.
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VII.

prematurity but was not reported to have had apparent developmental
abnormalities. While at Geauga, four of the men in the study,
including three who had healthy children while at Geauga, fathered a
total of six pregnancies that ended in miscarriages at up to 10 years
(average: 6.7 years) after starting at Geauga. The miscarriage rate
of 16% is unremarkable (see discussion). None of the male workers
fathered a stillbirth while at Geauga.

Five of 38 men reported a l-year interval of unsuccessful efforts to
establish pregnancy while at Geauga, but for two this difficulty
started before starting work at Geauga, and two others subsequently had
children while continuing at the company.

DISCUSSION

A. Environmental

The environmental sampling results indicate that the mold press
operators and extruder operators are exposed to potentially harmful
levels of carbon disulfide, nitrosamines, and possibly benzo(a)pyrene,
and that compounders are potentially exposed to carbon black and its
cyclohexane extractables.

The presence of carbon disulfide in the work environment was not
unexpected, since i1t was previously determined by the Industrial
Commission of Ohio (ICO) during their survey at the plant in March
1980. Two workers in the extruded department were sampled and had
exposures of 3 and 27 mg/M3. The highest Tevel of CSy measured in
this survey, by comparison, was about three times lower than the
highest level found by ICO.

The formation of carbon disulfide probably resulted during the
vulcanization of the various rubber formulations. Carbon disulfide has
been shown 38 be released during thermal degradation of neoprene
elastomers. Although no information is available in the Tliterature
on CSp formation during the decomposition of EPDM, SBR, and other
elastomers, its formation would be expected since the primary source of
CSp is from the sulfur-containing additives and elemental sulfur
contained in the rubber formulations.

The airborne Tevels of nitrosamines measured in this survey are higher
than or comparable to Tevsls found in other similar rubber
mnufacturing facilities,?1733 and lower or comparable to levels
found in the tire industry.3%» 35
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The nitrosamine compounds detected were probably formed from the
nitrosation of dialkylamino-based accelerators contained in the rubber
formulations. For example, tetramethylthuiram disulfide, a commonly
used accelerator, my be decomposed under heat (during the extruding
and compression molding operations) to form n-nitrosodimethylamine.
Other representative dialkylamino-based accelerators used at Geauga may
be similarly transformed into their corresponding nitrosamine compound
(see Figure II).

Either the nitrosating agent or the exact mechanism of nitrosamine
formation is known. It has been hypothesized that airborne NOy
(oxides of nitrogen) reacts with the dialkylamino accelerator or their
decomposition products to form the corresponding nitrosamine compound.

B. Medical

The group differences of average age, gender distribution, smoking
habits, and years of work at Geauga among workers in the four work
areas limits the usefulness of in-plant comparisons as a basis for
interpreting medical findings in any one plant area. In particular, it
is likely that the overall non-uniformity of the workforce would
prevent carbon disulfide effects, if present, from being detected.

Several of the findings are consistent with possible exposure to
hydrocarbon solvent in the air. Workers in extruded finishing most
frequently reported behavioral symptoms, mucuous membrane irritation,
nausea, headache, and lightheadedness or dizziness. However, the
solvent concentrations on the days of this survey do not support the
questionnaire findings.

The finding that shortness of breath with exertion was reported as
often by non-smokers as by current smokers, and less often by former
smokers, is unusual. This symptom was reported by several non-smokers
in molded and extruded finishing who did not report cough, phlegm
production, or known cardiovascular abnormality. A probable cause for
this finding is not apparent.

C. Reproductive

Reproductive success is affected by many factors, including heredity,
age of parents, number of previous children, and history during
pregnancy of illness, cigarette use, alcohol use, and use of some
medications. Some individuals in the general population have diseases
or anatomic abnormalities that interfere with reproduction.
Reproductive effects have been shown for some chemical agents, but
evaluation of such agents is difficult because comparison between
exposed and unexposed individuals may be affected by other factors.
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The results of this survey do not rule out the possibility of
detrimental effects on reproduction from workplace exposure, but they
suggest that exposure to agents in the plant has not affected a Jarge
fraction of the workers. If reproductive outcomes of workers in this
plant have been affected by exposure to the plant environment, further
in:estfgation in this plant setting would not be 1ikely to detect such
effects.

Two serious events (birth defects and premature delivery leading to
death) were identified among nine total pregnancies fathered by men
while working in the mixing area. This raises questions about possible
association with exposures in the area, but the small numbers involved
preclude meaningful interpretation. Nevertheless, given that exposure
to any of several substances in the mixing area may pose serious health
risks, prudence would dictate that engineering controls, work
practices, and personal protective equipment should be optimized to
reduce exposure in general to these substances.

It would be possible to calculate fertility rates for women working at
Geauga, but such data would not give an accurate picture of true
fertility of the group. Women workers had markedly fewer children
while working at Geauga than they had prior to starting at the company,
but only a few reported difficulty in becoming pregnant. It was
assumed that many women were preventing pregnancy intentionally,
although this was not assessed in the questionnaire.

Since this survey involved only workers who were currently employed,
questions relating to long-term or delayed reproductive effects could

not be addressed.

RECOMMENDATIONS

1. The mold presses and extruders should be locally exhausted with
the goal of reducing carbon disulfide, nitrosamine and B(a)P
emissions to the lowest level practicable. In the interim,
operators of these machines should be provided with proper
respiratory protection to protect against exposure to these
contaminants.

2. The company should maintain a respiratory protection program in
accordance with 29 CFR 1910.134.

3. Freshly molded rubber, once removed from the presses, should not
be allowed to smolder in the work area. Local exhaust ventilation
should be used to contain rubber emissions while the rubber is
cooling. In applications where the rubber requires immediate
trimming, table-top hoods should be provided to prevent the
emissions from passing through the workers' breathing zone.
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4,

Elastomer chemists at Geauga should determine to what extent the
various dialkylamino-based accelerators used in the rubber
formulations contribute to nitrosamine formation, and then take
steps to reduce, remove, or substitute these materials where
possible.

The apparent variable CHE content in carbon black 8202 indicates a
need for the company to assure that this grade as well as the
other grades of carbon black contain less than 0.1% cyclohexane
extractables.

Potential sources of PNA's include the various petroleum-based
process 0i1s used in the rubber formulations. The company should
determine whether these oils contain excessive PNA's and, if so,
should substitute them with oils which are less contaminated or
completely free of PNA's.

Based on the limited number of air samples collected to evaluate
the tray compounder's exposure to total particulates which showed
a wide concentration variation (2 to 10 mg/M3), additional air
sampling should be conducted by the company to better define this
employee's dafly average exposure. Existing local exhaust
ventilation should then be modified accordingly.

The sm11 ingredient compounder must handle various chemicals, the
extent of which varies on a daily basis. A 1ist of ingredients
used by this worker during our evaluation indicated that he is
potentially exposed to thiocarbamates, thiurams and thioreas,
among other substances. Results from animal experiments have
shown that some of these substances posess embryotoxic,
carcinogenic, and/or teratogenic effects. Thus, as a prudent
measure, personal protective equipment including gloves,
coveralls, respirators should be used when handling such
materials. Personal hygiene should be emphasized, including
washing of hands and face prior to eating, etc., and showering at
the end of the workshift.

The tray and banbury compounders also must handle many chemical
substances, most of which are known skin and mucous membrane
irritants. These workers should also be provided with personal
protective equipment and adhere to good personal hygiene
practices, as outlined in recommendation 8.
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TABLE V
Respiratory Symptoms by Smoking Status
Geauga Company
Middlefield, Ohio
HETA 81-107

December 9-10, 1981

Current Former
Smoker Smoker Non=Smoker
Symp tom (n=49) (n=18) (n=39)
Shortness of breath with exertion 20 (413)A 4 (22%) 21 (54%)A
Cough in the morning 20 (41%)B,C 2 (11%)8 3 (8%)C
Phlegm in the morning 20 (413)D.E,F 2 (113)0.F 8 (213)E,F
Wheezing or whistling in chest 19 (39%)G 4 (223)G 8 (21%)6

OTMMoOO®>

Current
Current
Current
Current
Current
Current
Current

smokers vs. non-smokers: X2 = 1,00, p>0.2

smokers vs. former smokers: X2 = 4,01, 0.02<p<0,05

smokers vs. non-smokers: X2 = 10.7, p<0.01

smokers vs. former smokers: X2 = 4,01, 0.02<p<0,05

smokers vs. non-smokers: X2 = 3,24, g .05<p<0.10
smokers vs. former and non-smokers:

= 5,93, 0,01<p<0.02

smokers vs. former and non-smokers: X = 3,19, 0.05<p<0.10



TABLE VI
Respiratory Symptoms by Work Area
Geauga Company
Middlefield, Ohio
HETA 81-107

December 9-10, 1981

Extruded
Extruded Finishing Mixing Molded
Symp tom (n=17) (n=18) (n=12) (n=59)
Shortness of breath with exertion 122 72% 42% 422
Cough in a.m. 182 22% 50% 20%
Phlegm in a.m. 18% 28% 58% 25%

Wheeze 182 33% 422 29%































Personal

APPERDIX E

Breathing Zone Concentrations of Benzo(a)pyrene

Ceauca Company
Middlefield, Ohio
HETA €1-1C7

Cecember €-10, 1¢€21

Sample Sample Airtorne
Tipe Volure Concentration
Date Sarmple Location Jeb Classification (min) (liters) (ug/M3)
12-cc-£1 Canbury Mill Banbury Ni11 Operator 361 541 kD
12-1C-€1 Banbury Mill Banbury Mill Operator 442 €€5 LD
12-10-C1 Mcheil Press Hold Press Operator 465 cee LD
12-1C0-€1 Industrial Line Mold Press Operator 425 638 HD
12-10-61 Rep Press HNo. 1 Mold Press Operator 450 675 0.53
12-10-61 Industrial Line Hold Press Operator 4395 658 ND

Evaluation Criteria:
Limit cf Detection: 0.0% microorams/cample

-k

* Ko environmental criteria have been established for benzo(a)pyrene (see Section V).
ug/l3 = microorams per cubic meter of air
KD = none detected
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