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I.  SUMMARY

In March 1979, the National Institute for Occupational Safety and Health (NIQSH)
received a request for a Health Hazard Evaluation from the Unitea Steelworkers
of America, Local 7237, at S.W.S. Silicones, Adrian Michigan. The requestor was
concerned that skin contact with treated filler (amorphous silica) and iron
oxide dusts were possibly causing health problems.

S.W.S. Silicones is engaged in the manufacture of silicone fluids, rubber, and
grease. The two areas of the plant included in this investigation were the heat
curable rubber (HCR) compounding area and the room temperature vulcanizing (RTV)
rubber ares. Approximately 126 employees work in these areas.

An initial survey was conaucted by NIUSH investigators in April 1979.
Conficential interviews were conducted with twenty-nine employees. An
environmental survey was conducted in August 1979. Perscnal and area air
samples were cocllectea for determination of the following air contaminant
levels: amorphous silica (measured as total particulate), iron oxide,
cyclohexylamine, sec-butylamine, ana organotin compouncs.

Analysis of the environmental cata indicatecd no overexposure to iron oxide, -
cyclohexylamine, sec-butylamine, or organotin. One of the nine perscnal samples
for amorphous silica was in excess of the evaluation criteria used in this
report of 6 milligrams per cubic meter of air (mg/M?). Sample range of silica

- concentration was G.15 - 10 mg/M3, with a mean of 1.7 mg/Mz '

Fourteen (48%) of the twenty-nine employees interviewea indicated the presence
of work related health problems, particularly upper respiratory ana eye
irritation, nausea, and skin rash. Ten workers attributed these adverse effects
to exposure to catalysts, while four workers indicated that the dust was the
cause. '

Although environmental finoings indicate levels of the hydrblysis products of
the various catslysts to be below environmental criteria, employee interviews
indicate a significant number of health problems related to their use.

On the basis of ‘the data obtained in this investigation, NIOSH determined that

. an overexposure to amorphous silica did exist at the time of this survey. NIOSH
has also determined that a potential for ill effects from exposure exists for
the hydrolysis products of the various catalysts. Measured concentrations for
these substances- were below envirommental criteria, but were, nonetheless, found
to be irritating and offensive to the employees. Recommendations for
engineering controls, worker eoucation, and envircnmental monitoring, designed
to alleviate this potential exposure hazara, are incorporated in detail in
Section VIII. ' '

KEY WCRDS: SIC 2869, silicone, heat curable rubber, room temperature
vulcanization, silicone cstalysts, amorphous silica, iron oxide,
cyclohexylamine, sec-butylamine, organotin compounds, irritants




II. INTRODUCTION

.On March 6, 1979, NIOSH received a request from the United Steelworkers of
America, Local No. 7237 for a health hazara evaluation at S.W.S. Silicones
Corp., (SIC 2869) Adrian, Michigan. The purpose of the reguest was to
evaluate complaints of employee exposure to iron oxide and treated filler
(amorphous silica) dust. A NIOSH initial survey was conductec on March 17-18,
1979. An interim report was issued in July 1979, listing the preliminary
fingings. On August 22-23, 1979, NICUSH conducted an environmental survey to
assess employee exposure to iron oxice, amorphous silica, anc other chemicals.

III. BACKGROUND

On January 28-29 ana April 6-7, 1976, a survey team from NIOSH conducted a
health hazard evaluation at S.W.S. Silicones, Aarian, Michigan. Environmental
and medical evaluations were conducted to assess employee exposure to
amorphous silica ana mica agust. Based upon environmental cata gatherea during
the surveys, meagical interviews, limited physical examinations of employees,
observation of work practices, and available literature regarding the toxicity
of substances usea in the work area, the NIOSH investigators concluded that
employee exposure to fumed amorphous silica powders and mica were not toxic at
concentrations measurea during the evaluation. Since the substances evaluated
were determined to be capable of producing drying and subsequent irritation of
the skin and upper respiratory tract, recommendations pertaining to
engineering controls and use of protectlve equipment were included in final
report (Health Hazard Evaluation Determination Report #75-183-303). The
second health hazard evaluation was requested to evaluate additional
substances being used in the work area.

A. Process Description

S.W.S. ‘Silicones is engaged in the manufacture of various silicone products,
including silicone fluias, ‘rubber, and grease. These products are sold to
other companies for further processing, or as finished marketable products.
The two areas of the plant included in this investigation were the HCR
compounding area ana the RTV rubber area.

1. HCR Compounding area

Heat curable rubber (HCR) base and compound are mixed, milled, extrudeo and
packaged in this area. Various ingreaients incluoing silica gum powder,
treateo filler, pigments, ana catalysts are addec to a base mixer, then mixec
ana heatea. The ena proouct, referred to as "base" is removea from the mixer
ana unoergces a further blenaing of ingredients, and in some instances is
extruded. The base may be packaged and sold at this point, or again mixed
with small amounts of catalyst ano pigments, depending upon customer order.
Approximately twenty six persons per shift are employea in the HCR compounding
area ana are rotated among the various jobs.

2. RTV Rubber Area

The manufacturing process for the RTV (room temperature vulcanizing) rubber is
similiar to that for the HCR except that all batches are smaller ano charged
differently. A potential for exposure occurs when iron oxide and various
catalysts are charged into the mixers. Each mixer operator is responsible for
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cleaning the mixer tank between batches. The final proaucts include silicone
grease, caulking material, the formed-in-place gaskets. Approximately eleven
persocns per shift are employea in the RTV area.

IV. METHOUDS AND MATERIALS

Environmental samples for total particulate weie collected on 37 mm agiameter
polyvinyl chlorice copolymer filters helo in closed-face cassettes and
attachet via tygon tubing to battery powereo air sampling pumps operating at
flow rates of approximately 1.75 liter per minute (lpm). The weights of the
samples were oeterminea by subtracting the pre-sampling weight from the
post-sampling weight of the filter.

Sampies fol iron oxide ang tin were collectea on 37mm ciameter mixeu cellulose
ester membrane filters helc in closeo-face cassettes ana attachec via tygon
tubing to battery powerea pumps operating at flow rates of approximately
1.2-2.0 1pm. The samples were analyseu for the metals according tc the NIOSH
Physical anc Chemical Analytical Methoa (P&CAM) #173 (modified)t.

Samples for aliphatic amines were collected on silica gel tubes attached via
tubing to battery powered air sampling pumps operating at flow rates of 50-100 .
cubic centimeters (cc) per minute. The samples were analysea for the amines
according to NIOSH P&CAM #221 (modified)Z2.

Twenty-nine confidential employee interviews were conducted by NIOSH
industrial hygienists to detect the presence of work. related health problems.

V.  EVALUATION CRITERIA

The environmental evaluation criteria used for this study are presented -in the
following table. Listed for each substance is the recommended environmental
limit anc its source, the primary health effects, and the current OSHA
standard. All air concentrations are 8-10 hour time weightec average (TWA)
eXPOSUIES. .

Recommengea Primary : -
Substance Limit* Health Effects OSHA Standard(4)
Amorphcus silica 6 mg/M° Skin and mucous 20 million particles
(as total ACGIH(3) membrane irritant per cubic foot of
particulate) : - air (mppcf)
Iron Oxive fume 5 mg/M° Benign pneumoccniosis 10 mg/M°
(as iron) ACGIH(3) : '
Cyclohexylamine 10 ppm- Skin irritant, no standard
ACGIH(3) systemic effects

Organotin 0.1 mg/M Eye, skin, liver, 0.1 mg/m?
compounds NIOSH(8) nervous system, and
(as tin) heart effects

*These values have been selected as the evaluation criteria fgr.this report.
The source and reference are listec below each recommended limit.
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A number of sources recommeno airborne levels of substances under which it is
believea that nearly all workers may be repeateuly exposed cay after day
without acverse effect. Such airborne levels are referreg tc as standards or
threshold limit values (TLV's). It is believed that concentrations below these
limits represent concitions unocer which nearly all workers may be repeatedly
exposed 8-10 hours per cay, 40 hours per week, without suffering adverse health
effects. Due to variations in indivicual susceptability, a small percentage
of workers may experience effects at levels at or below the threshold limit; a
smaller percentage may be more seriously affected by aggravaticn of a
pre-existing condition or by a hypersensitivity reaction®.

A. Mmesﬁhm

There is only limited information available relating to the specific toxicities
of amorphous silica. As it contains no free silica, it would not be expected
to cause silicosis 2. The most important properties with respect to handling
difficulties are the ease of dispersal (due to the low density) and the potent
dessicant effects of the powders. These characteristics lead to mucous
membrane drying and irritation while possibly increasing the incidence of
respiratory infection. Contact with the skin removes moisture and irritates
the skin.

B. Iron Oxide F

Long term occupational exposure (on the order of 6-10 years) to iron oxide fume
. may cause a condition known as siderosis, a condition noted by the literature
to be a non-gisabling lung disease. There is a lack of informaticn in the
literature on the relationship between iron oust ceposits in the lungs and
other industrial ousts, and their combined effect on the worker. Although
benign, it cannot be stated that iron dust deposits in the lungs are totally
harmless®.

C. Cyclohexylamine

Modern compenaiums rate cyclohexylamine as moderately toxic to very toxic, and
note that the amine is intensely irritating to the skin and is regarded as
having moderate sensitizing potential 2,7.

D. Organotin

In general, the organotin compounds are irritating locally both to mucous
membranes and the skin. The major concern in occupational exposure to
organctins is the potential for liver, kioney, pulmonary, and central nervous
system damage at low concentrationsS.

E. Sec-butylamine

Presently there is no environmental standard for occupaticnal exposure to
sec-butylamine. Little data is available regarding the toxicity of this
substance. One source indicates a moderate irritation hazara to the skin and
mucous membranes’.




VI. RESULTS

A. Evaluation of Employee Interviews

Twenty-nine inoiviaual employee interviews were conducted. Of these, 15 wocrked
in the RTV Department representing 33% of the approximately 46 workers in this
department. About half were from the day shift with the rest from other
shifts. Only 4 of the 15 workers had no medical complaints they felt might
relate to their work in the cepartment, although one of these had some problems
with eye irritation and nose bleeds from exposure to cleaning solvents several
years earlier. Ten of the 15 complaine~ of irritation of eyes, nose, ana/or
throat, or problems with excessive sinus discharge and possibly some oifficulty
breathing. Most identified the catalysts as the offenoing sutstances although
3 indicated the amorphous silica as being the problem. Two of the 15 indicateo
they had trouble with skin rashes from exposures, one to catalysts, one to
mineral. spirits. Besides the single case of irritation several years ago, one
other worker reported a chemical burn-in the eye in the past.

In the HCR Department, 14 of the approximately 80 workers (18%) were
interviewed with 8 being from the first shift and 6 from the second shift.

Only one worker complained of nausea and eye irritation due to the catalysts
and one other worker complained of headaches from extruded compounds. Two
other workers complained of rashes or dermatitis from exposure to substances in
the workplace, and one worker had received a chemical burn in the past.

For the workers in the RTV department the mean age was 29.6 with a mean of 1.6
years in the department and 2.6 years in the company. In the HCR department
the mean age was 25.5 years with a mean time in the department of 2.8 years anc
a mean time with the company of 3.3 years. Most of the HCR workers interviewed
were males, whereas in the RTV Department the workers were equally aividec
between men and women.

B. Environmental Results

Results of environmental sampling for amorphous silica (measured as total
particulate) are shown in Table 1. Nine personal air samples for total
particulate were collected. The 8-hour TWA values ranged from 0.15 to 10
mg/M3, whereas the average exposure was 1.7 mg/M>. One of the nine samples
(10 mg/M?) was in excess of the 6 mg/M> evaluation.criterion.

Results of the environmental sampling for iron oxide aust are shown in Table 2.
The values for the personal exposure to iron oxice dust were well below the
current environmental criterion. The values_ranged from 0.0032-0.21 mg/M>,
whereas the average exposure was C.053 mg/M?. The OSHA standard for iron

oxide fume is 10 mg/m>. The ACGIH TLV is 5 mg/M>.

The 8-hour TWA values for exposure to cyclohexylamine (Table 3) ranged from
below the limit of detection to 1.8 ppm, while the average exposure was 0.59
ppm. These values are within the 10 ppm TLV recommended by the ACGIH. No
sec-butylamine was detected in any of the samples collected. The origin of
cyclohexylamine is the Vernetzer CA 40 catalyst.

No tin was getected in any of the samples collectea. Tin serves as an indicator
for the presence of organoctin compounds, which are hydrolysis products of the
various Cotin catalysts.
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VII. DISCUSSION AND CONCLUSIONS

In response to the recommendations presented in the June, 1976, NIOSH
Determination Report, management installea a local exhaust ventilation system.
The system incluces slotted hoods which service the mixers and are designed to
capture air contaminants released during the m1x1ng process. These slotted
hooas are not designed for capturing dust as the mixer is charged with the
treated fillers.

Basea upon the environmental data, it has been determined that overexposure to
amorphous silica is a potential problem. The greatest potential for exposure
to the treated filler occurs when the filler is charged into the mixer. It
shoula be noteo that the company has a comprehensive respiratory protection
program anc that the employees wore respiratory protective eguipment during the
charging operations.

Concentrations of iron oxide oust in the breathing zone of workers were well
below the establisheo environmental criterion and are not expected to cause any
serious health effects.

Cencentrations of the hydrolysis products of the various catalysts
(cyclohexylamine, sec-butylamine, organctin) were either not detected or below
the esteblishec criteria. Yet, the results of the employee interviews revealed
a significant number of employee complaints related to the use of the various
catalysts. Significant exposure to the hydrolysis products of the catalysts
coulo potentially occur auring charging of the mixer or when the employee hand
cleans the change cans. Therefore, short term exposures to high concentrations
of these substances coula be responsible for the adverse health effects that
are peing experienced. '

VIII. RECOMMENDATIONS -

1. Install an enclosed catalyst'delivery system to minimize employee exposure
to the hyarolysis products of the catalysts.

2. Apply local exhaust ventilation to capture excess treated filler when the
mixer is being charged.

3. Open surface change cans that require hand cleaning and that are likely to
emit hydrolysis prooucts of the catalysts should receive slotted local exhaust
ventilation.

4, An improvec education program should be instituted so that employees are
made aware of the toxicity and hazards associated with the materials handled
ouring operations covered by this evaluation. Good work practices and good
personal hygiene shoulo be stressed with the goal of preventing or minimizing
inhalation ano skin and eye contact with chemicals and dusts.

5. Ferioacically evaluate employee exposufe to potential environmental
contaminants incluaing amorphous silica, iron OdeE, anc hyorolysis products of
the catalysts.
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S.W.S. SILICONES (Samples ccliected August 22-23, 1980)

TABELE 1

RESULTS OF ENVIRONMENTAL SAMPLING FOR AMCRPHOUS SILICA

Total Particulsate

RESULTS OF BREATHING ZONE

Job/Location Time of Sample Type of Sample ma/M3
mixer operator/HCR 1045-1527 personal LI
mixer charger/HCR 0832-1525 personal 1.4
mixer charger/HCR 0829-1515 personal 1.5
mixer charger/HCR 0836-1514 personal 10
extruder/HCR 0842-1524 personal 0.50
compounaer/HCR 0840-1526 personal 1.0
unloader/warehouse 1242-1500 personal voia
bag changing/bag house 1028-1043 personal 0.15
bag changing/bag house 1028-1043 personal 0.19
bag house 1047-1545 area 1:1
RTV redroom 1117-1554 area 0.43
RTV 1121-1554 area 0.22
. EVALUATION CRITERIA & ma/M>
TABLE 2 '

SAMPLING FOR IRON OXIDE DUST (as Fe

Job/Location Time of Samgle Iron Oxice SMU/M32
coxmill/RTV 1023-1537 0.013
utility/RTV 1036-1535 0.027
mixing/RTV 1029-1525 0.21
batching/HCR 1041-1528 0.0032 .
mixing/HCR 0834-1517 0.012
EVALUATION CRITERIA 5 mg/M2
TABLE 3

RESULTS OF ENVIRONMENTAL SAMPLING FOR CYCLOHEXYLAMINE

Job/Location

rotofeed operator/KRTV
rotofeea cperator/KTV
kalex operator/RTV

kalex operator/RTV
agjacent to kalex
mixer/RTV

mixer/RTV

mixer/RTV

clean out change can/RTV
clean out change can/RTV
RTV redroom

RTV redroom
compounder/HCR

Time of Sample

Type of Sample

1025-1533
1025-1533
1019-1524
1019-1524
1114-1551
0900-1538
0900-1538
0855-1543
0852-1535
0852-1535

- 1014-1554

1117-1656
0906-1526

personal
personal
personal
personal
area

personal
personal
personal

personal

personal
area
area
personal

Cyclohexylamine (ppm)

0.38

EVALUATION CRITERIA--

Abbreviations:ppm = parts of contaminant per million parts of air

ND = Not aetecteo
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