











OCCUPATIONAL EXPOSURE TO 1,3-BUTADIENE 15

Eight job descriptions were monitored during the in-
depth surveys. Six of these jobs were tasks that re-
quired the worker to spend a majority of the time in the
process area where the production, handling, or storage
of 1,3-butadiene took place. Two of the titles described
jobs that were performed in the quality control labora-
tories at each plant. In addition to the personal sampling
of employees with specific job responsibilities, seven
work areas and the general ambient air at the perimeter
of the process were monitored for concentrations of
1,3-butadiene.

The personal samples were presented in Figure 1 by
job title. The number of samples, arithmetic mean,
median, range, and geometric mean and standard devi-
ation are presented for each job title. Figure 2 presents
the same descriptive statistics for the samples collected
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FIGURE 1. Four monomer plants, full-shift personal samples. The
arithmetic mean was not used in the overall calculation for the total
mean exposure. The 373 ppm was due to poor work practices at one
plant and is not typical of the cylinder voiding activities observed in the
industry.
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FIGURE 2. Four monomer plants, full-shift area samples.

at each work area. The short-term results for both
personal and area sampling are presented in Figure 3.

A review of the personal exposures by job title (Fig. 1)
suggested that those jobs requiring workers to handle or
transport containers of 1,3-butadiene presented the
greatest potential for exposure. Laboratory technicians
voiding sample cylinders and process technicians loading
or unloading tank trucks or rail cars had geometric mean
exposures of 7.46, 1.02, and 1.00 ppm, respectively. All
other job titles experienced geometric mean exposures
of less than 1 ppm. Maximum exposures for two job titles
exceeded 100 ppm, with one exposure for a laboratory
technician reaching an 8-hr TWA of approximately 375
ppm. These two exposures were associated with poor
work practices or uncontrolled emissions. In both cases
there was a poor connection of threaded fittings, thus
permitting the escape of 1,3-butadiene into the work
environment. For the purpose of analysis, the two data
points that exceeded 100 ppm were not used in the
calculation of the arithmetic mean for the overall study.
The results were not indicative of the work practices
used throughout the industry.

Area concentrations of 1,3-butadiene were also de-
tected at levels well below the OSHA PEL of 1000 ppm.
A review of the 123 area monomer results in Figure 2
indicated that rail car terminals and tank storage farms
had geometric mean concentrations of 1.96 and 2.12
ppm, respectively. Other work areas had geometric
mean concentrations of less than 1 ppm. No full-shift
area samples exceeded 100 ppm.

Figure 3 illustrates that the exposure potential will
exceed 10 ppm for short-term sampling in all three types
of periodic inplant activities—cylinder sampling, cylin-
der voiding, and maintenance. Short-term monitoring is
intended to evaluate peak exposures during a job activ-
ity with a definite exposure potential. The highest short-
term 1,3-butadiene concentrations are associated with
the open-loop sampling (146 ppm) and cylinder voiding
(108 ppm).
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FIGURE 3. Four monomer plants, short-term personal and area
samples.
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FIGURE 4. Five polymer plants, full-shift personal samples.

Polymer Industry

A total of 451 personal samples and 132 area air
samples (composed of 437 full-shift and 14 short-term
samples) were collected during the five 1,3-butadiene
polymer facility in-depth surveys.

Figures 4 and 5 provide a breakdown by job category/
work activity of the full-shift and short-term personal
monitoring results, respectively, and present averages,
ranges, and standard deviations for the measured
1,3-butadiene concentrations. Full-shift exposures for
the different job categories range from a low of < 0.005
to a high of 43.2 ppm (Fig. 4), whereas the short-term
exposures range from 0.088 to a high of 210 ppm (Fig. 5).
The highest full-shift personal exposure was 43.2 ppm
for a maintenance technician working on a 1,3-butadiene
compressor. The highest short-term exposure was 210
ppm for a process technician (unloading area) sampling a
barge for 1,3-butadiene. The short-term personal moni-
toring was conducted with the intention of identifying
peak exposures during operation or activities that were
considered to have a potential for exposure to 1,3-bu-
tadiene. The sampling results in Figure 5 show at least
one short-term exposure to 1,3-butadiene greater than
10 ppm for all four types of periodic inplant job
categories.

Figure 4 clearly shows that the six job categories that
experience full-shift (personal) 1,3-butadiene exposures
greater than 10 ppm (at least one sample) are the process
technician in unloading, tank farm, purification, poly-
merization or reaction, laboratory technician, and main-
tenance technicians. These job categories had geometric
mean exposures of 4.69, 0.270, 6.10, 0.062, 0.213, and
0.122 ppm, respectively. Geometric mean exposures for
all other job categories were below 0.03 ppm. Maximum
full shift exposures for laboratory and maintenance
technicians exceeded 35 ppm (at least one sample).

A total of 132 area samples were obtained during the
five polymer in-depth industrial hygiene surveys. Fig-
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FIGURE 5. Five polymer plants, short-term personal samples.
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FIGURE 6. Five polymer plants, full-shift area samples.

ure 6 provides a breakdown by work environment of the
full-shift area monitoring results and presents averages,
ranges, and standard deviations for the 1,3-butadiene
concentrations. Full-shift 1,3-butadiene concentrations
in the work areas ranged from 0.006 to 9.08 ppm. The
maximum full-shift area concentration of 9.08 ppm was
observed in the 1,3-butadiene GC/QC laboratory near
the gas chromatograph. The threaded connections of the
cylinder to the gas chromotagraph was the source of
exposure. The cylinder was not in a ventilated exhaust
hood. A total of 51 samples were taken at plant perim-
eter locations and a geometric mean of 0.013 ppm was
calculated.

End-User Industry

A rubber tire plant and an industrial hose plant were
selected to represent the end-user industry. The plants
consumed styrene-butadiene rubber, polybutadiene,
and acrylonitrile-butadiene rubber. A total of 124 per-
sonal samples were collected over three shifts during the
survey (34 hose, 90 tire). The analytical results in Tables
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Table 1. Summary of personal industrial hygiene samples
at a rubber hose plant.

Number of
Job description samples Results
Banbury operator 6 ND=
Mill operator 10 ND
Extruder (tuber) operator 11 ND
Extruder mill operator 6 ND
Curing press operator 1 ND
Total 34

aND = Nondetectable (limit of detection = 0.3 pg/sample).

Table 2. Summary of personal industrial hygiene samples
of a rubber tire plant.

Number of
Job description samples Results
Banbury operator 6 ND*
Cooling conveyer operator 6 ND
Calendering operator 13 ND
Extruder operator 1 ND
Wire winder 3 ND
Tube machine operator 9 ND
Tire builder 15 ND
Curing operator 21 ND
Tire repair and buffer 6 ND
Total 90

3ND = Nondetectable (limit of detection is 0.3 pg/sample).

1and 2indicate that 1,3-butadiene was less than the limit
of detection in all samples.

Conclusions

The 1,3-butadiene monomer and polymer processes
are highly automated, and operators hence do not rou-
tinely spend much time in the process area. There are,
therefore, few opportunities for occupational exposure
greater than 10 ppm of 1,3-butadiene throughout most of .
the process. However, there are three categories of
ancillary operations associated with the process that
present a potential for exposure to 1,3-butadiene. These
operations include: decontamination and maintenance of
process equipment; sampling and analyzing of quality
control samples; and loading and unloading the crude
feed and 1,3-butadiene product. Seven distinct job cat-
egories have been identified as encountering potential
for occupational exposure to 1,3-butadiene in these op-
erations. Those job categories exposed were in the load-
ing (0.08-123.6 ppm), and unloading area (0.77-28.5
ppm), tank farm (< 0.006-23.7 ppm), purification unit
(1.33-24.1 ppm), polymerization or reaction area (<
0.006-11.3 ppm), laboratory (< 0.006-373 ppm), and
maintenance technicians (0.006—43.2 ppm).

In summary, the monitoring results from the present
NIOSH study for the 1,3-butadiene industry show that
full-shift personal exposures for all job categories are
well below the current OSHA PEL of 1000 ppm. A total
of 692 personal full-shift and short-term and 259 area air
samples were taken for 1,3-butadiene. Arithmetic mean

full-shift personal exposures for all job categories was
2.7 ppm, which is below the ACGIH TLV of 10 ppm. A
total of 951 air samples were collected during the study
and 3.3% (31/951) were greater than 10 ppm. The results
of the end-user industry document, on a very limited
basis, that workers in this industry do not currently
have measurable exposure to 1,3-butadiene.

The engineering controls and work practices that have
been developed are effective in minimizing personnel
exposures if these practices are properly used and main-
tained. Exposure, as evidenced from the short-term
exposure data, will occur if the fittings on a closed-loop
system are worn or improperly connected. In summary
the monitoring data for the 1,3-butadiene industry show
that personal full-shift exposures for all job categories
can be maintained below 10 ppm by the application of
effective engineering controls. Additional studies will
have to be conducted to determine the feasibility of
achieving lower concentrations of 1,3-butadiene (e.g., 1
ppm) for all job categories in the industry.

Short-term personal exposures may, however, exceed
10 ppm for operations such as bomb sampling, bomb
voiding or maintenance; use of personal protective
equipment (respirators) would be required to control
peak exposures for these operations.

The new NIOSH analytical method 1024 is the pre-
ferred method. The enhanced sensitivity provided by
the high-resolution chromatography should enable de-
tection down to 0.005 ppm in a 25 L sample.

Recommendations

In the context of the current OSHA PEL for 1,3-bu-
tadiene (1000 ppm) and the ACGIH TLYV of 10 ppm, the
NIOSH study results indicate that the control programs
in the 1,3-butadiene industry generally appear to main-
tain personal exposures below the present applicable
limits. However, because of certain job-related ex-
posures and the concern that 1,3-butadiene may present
both a carcinogenic and teratogenic risk, the following
additional control measures are recommended for pro-
duction plants that may not already be implementing
such controls.

1. For obtaining quality control cylinder samples,
plants should consider converting to a closed-loop
sampling system to lower the mean exposure to lab
technicians and process technicians working in
process areas.

2. Leaking pumps present an exposure potential to
process technicians in the process areas. The re-
lease of 1,3-butadiene from such equipment can be
controlled through the use of dual mechanical
seals. Plants should consider retrofitting pumps
having single mechanical seals with the more effec-
tive dual mechanical seals.

3. Because magnetic gauges are known to limit the
release of 1,3-butadiene (and hence exposure to
process technicians in the loading area) while load-
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ing rail cars, plants should consider a program to
convert to 100% magnetic gauges for monitoring
rail-car filling operations.

4. As evident from the monitoring results for labora-
tory technicians conducting cylinder voiding,
workers assigned to this task may be exposed to
relatively high levels of 1,3-butadiene. Con-
sideration should be given to using a laboratory
hood or a vacuum exhaust with an enclosure for
cylinder voiding. Furthermore, workers should be
trained in the proper conduct of tasks such as
cylinder voiding and cylinder sampling.

5. Maintenance technicians should use respirators
with organic vapor cartridges when performing
maintenance-related activities on process equip-
ment.

6. The new NIOSH sampling and analytical method
for 1,3-butadiene is recommended in areas of po-
tentially low exposures and where there is a poten-
tial for interference with other C4 compounds.

As evident from the results of the NIOSH monitoring
study, the use of analytical methods specific to 1,3-buta-
diene is preferred for assessing 1,3-butadiene expo-
sures.
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