- IN-DEPTH INDUSTRIAL HYGIENE COMPOSITE REPORT
ON EXPOSURE TO STYRENE AND BUTADIENE
AT TWO STYRENE-BUTADIENE RUBBER PROCESSING PLANTS

MICHAEL S. CRANDALL
RONALD J. YOUNG
LED M. BLADE

DATE OF REPORT:
June 11, 1981

Industrial Hygiene Section
Industrywide Studies Branch
Division of Surveillance, Hazard Evaluations and Field Studies
National Institute for Occupational Safety and Health
Cincinnati, Ohio



DISCLAIMER

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



ABSTRACT

The National Institute for CQccupational Safety and Health (NIOSH) selected
the styrene-butadine rubber (SBR) process at two adjacent, very similar
-SBR production facilities in the Port Neches, Texas area for an industrial
hygiene and epidemiologic evaluation. This report addresses the industrial
hygiene portion of the study.

NIOSH industrial hygienists collected personal and area air samples for

the target chemicals, which are styrene, butadiene, and benzZene. All con-
centrations were well below legal and recommended maximum levels of the
Occupational SaTety and Health Adminstration (OSHA), the American Conference
of Governmental Industrial Hygienists (ACGIH), and NIOSH. Samples were also
collected for particulates, and concentrations below OSHA standards and
ACGIH recommendations were found. Several other organic compounds were also
identified.

The low levels of contaminants found could not be linked with any health
effects. However, continwed attention to routine industrial hygiene
surveillance, installation and maintenance of leak-free equipment, training,
and personal protective equipment is recommended; also, preemployment physical
examinations should be provided.
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INTRODUCTION

The Williams-Steiger "Occupational Safety and Health Act of 1970" (PL 91-596)
was passed into law "to assure safe and healthful working conditions for
working men and women..." The Act established the National Institate for
Occupational and Health (NIOSH) in what is now called the U.S, Department

of Health and Human Services. NIOSH has becen given authority and responsibility
under the Act to conduct field research studies in imdustry and develop
needed information regarding potentially toxic substances or harmful physical
agents. Section 20(a)(7) states that NIOSH shall conduct and publish
industry—wide studies of the effects of chronic or low-level exposure to
industrial materials, processes and stresses on the potential for illness,
disease or loss of functional capacity im aging adults.

Styrenc-butadiene rubber (SBR) is the most widely used rubber in the world

and the moit impertant synthetic rubber. SBR is a copolymer of styrene and
butadiene.” Upon discovery of eight leukemia cases among the employees at

SBR facilities in the Port Neches, Texas area, representatives of the rubber
industries requested that NIOSH investigate this occurrence., As a part of
their research responsibility, NIOSH then selected the SBR preduction process
for an industrial hygiene and epidemiologic evaluation. A review of current
literature revealed the following. It is reported that workers in the SBR
industry Exgerienee a three-to-five-fold relative risk of dying from lymphatic
leukemia.®’” Other reports state that there 1s a significant excess of deaths
due to neoplasms of lymphatic and hematopoietic tissﬂeramong certain job
classes and age groups in the SBR process industry. 7’7 Further substan-
tiation of the hazards of the SBR production process was given in the findings
of the joint Urited Rubber Workers (URW)/industry sgonsored epidemiologic
investigation of 1076 conducted by McMichael et al.  This study reported

.that workers employed in a facility where synthetic rubber was being
manufactured had a 6-fold relative risk of dying from lymphatic and hema-
topoietic malignancies, and a 4-fold relative risk of dying from lymphatic
leukemia as compared to other rubber workers who had not worked in synthetic
rubber production.

The current NIOSH study, entitled "Mortality and Industrial Hygiene Study
of Styrene Butadiene Rubber"”, is a retrospective mortality and industrial
hygiene study of employees invoelved in SBR production. The results will

be used to determine the nature of the asseciation, if any, between SBR
production and leukemia, as well as to isolate critical operations which
contribute to the association. This report describes the industrial hygiene
portion of jthe study. The epidemiclogic portion of the study is described
elsewhere;’ ths relevant epidemiologic findings included a 2-fold excess,
which was not statistically significant, of leukemia among workers at one
plant, and a significant (0.05 p 0.1} increase (SMR=278) in leukemia among
individuals who worked at that same plant during 1943, 1944, and 1045.

Industrial hygiene walk-through surveys were conducted at Plants A and B
during the week of April 1, 1976 to assess the feasibility of an epidemio-
logic investigation. It was determined that a suitable study population
existed among these SBR production workers. A preliminary industrial hygicne
survey was conducted the week of May 11, 1976, to validate a sampling method



for styrene and butadiene to be used during the in-depth investigations.

Two in-depth industrial hygiene surveys were then conducted, one July 12-16,
1976 and the other April 11-14, 1977, in order to charactzrize the environment
of the twoe SBR plants under study with respect to worker exposure to organic
chemicals and solvents, specifically styrene and butadiene.

DESCRIPTION OF PLANTS SURVEYED

Plant A and Plant B were both constructed in the early forties, under U.S.
Government financing. Production under government ownership continued until
1055 when, under the Rubber Disposal Act, the twe plants were acquired
separately by private industry.

The two facilities are adjacent and similar in size, construction and
arrangement of production areas. A detailed look at the producticn area

is provided by Figure 1, the SBR production area layout. This figure indicates
the three main production units as the Reactor Building, the Recovery
Building, and the Process Building. In the figure, one of the process "trains"
is indicating the flow of the process while the other points out the process
equipment that is listed 'in Table 1. The Reactor and Recovery areas are
smaller and more open relative te the Process Building. The tank farm area
{not shown in Figure 1) is outside except for the pump houses and operator's
office. This arrangement helps to keep exposures to raw chemical products

low in this part of the plant.

Production at Plants A and B has continued since their purchase with SBR
and emulsion rubbers as the main products. Technological improvements have
been made through the years in an effort to improve product quality and
versatility, and morc rccently to improve efficiency and economy. One of

the first major improvements on the basic process was the adoption of con-
tinuous processing. Another early major improvement arose from the use of
more active—vadical initiating systems which allowed polymerization at lower
temperatures with high conversions.

At the time of the surveys, production at both plants was reported to be
at normal capacity. In 1977, production fog these two plants was reported
to be around 326,000 metric tons annually.

PROCESS DESCRIPTION

The manufacturing process used in Plant A and Plant B consists of three

basic steps. The styrene and butadiene are first polymerized in the "Poly-
merization Unit" which comsists of a number of reactor trainc. Next, unreacted
monomers are recovered in the "Recovery Unit". Finally, in the "Process

Unit", the polymer is separated from the latex and dried. The details involved
in each "Unit" operation may vary from Plant A to Plant B in that throughput,
extent of polymerization, other process variables, and chemical components
other than styrene and butadiene are not necessarily the same. Figures 2

and 3 provide a flow chart and simplified material balance for a typical

SBR process.



Styrene-butadiene rubber is a copolymer of styrene and butadiene monomers,
and is made using a continuous emulsicn polymerization process.” A typical
emulsion system contains water, monomers, an initiator and an emulsifier.

An initiator system of organic peroxides is used in combination with a
mercaptan (for rezulation of polymer chain length) to polymerize butadiene
and styrene. The initiator provides free radicals needed to start and sustain
the polymerization reaction.

The emulsion charge mixture, contailning ingredients in carefully controlled
proportions, is charged continously into a series of agitated reactors,
maintained at proper conditions such that the reguired degree of conversion
is reached at the exit of the last reactor. The percent of polymerization
accomplished in a specific reactor of the train depends primarily on retention
time, i.e., the greater the retention time, the greater the percent of poly-
merization. The rubber quality and rate of reaction both fall off as poly-
merization proceeds, and it is customary to stop the reaction short of com-
pletion. The termination of the reaction is effected by the addition of

a "shortstop"”, a strong reducing agent, which reacts rapidly with free
radicals and oxidizing agents, thus destroying any remaining initiator and
preventing any further polymerization.

Recovery of unreacted monomers is an essential step in economical synthetic
rubber production. Therefore, the polymerized latex emulsicas {(containing
unreacted butadiene and styrene monomers), next flow into "blow down" tanks
where they are sparged with steam as the emulsions flow continuously to

the Recovery Buildings. Butadiene is permitted to bubble out as the emulsions
pass through a series of flash tanks operating at progressively reduced
pressures. The butadiene vapors are then compressed, condensed and rsturned
for reuse. Styrene is removed from the essentially butadiene free emulsions
by steam stripping, condensation and decantation. The recovered styrene

-is also returned to the tank farm.

The latex emulsions are then pumped to the processing area. An antioxidant
is added to protect the product from oxidation during storage. The latex
is finished by blending with oil, partially coagulated with brine, and then
fully coagulated with dilute sulfuric acid. The resulting rubber "crumbs"
are then washed, dewatered, dried and baled for shipment.

The addition of petroleum oils while processing high molecular weight rubbers
renders them extremely tough and results in improvements in quality. Approxi-
mately 70% of the SBR produced in the United States is oil-extended.

It should be noted that the equipment used for rubber polymerization is
versatile and that different rubber recipes can be used. Many variations
and refinements have been developed which make possible improved products
with distinct and unique properties, but the underlying procedure is the
one described above.

DESCRIPTION OF THE WORKFORCE

During the time of the surveys Plant A employed approximately 650 workers,
of which 200 were in the management area. Plant B employment was 475 with



115 being in management. The rest of the employees were considered as working
in productisn, including the laboratory and engineering. A breakdown of
kourly werkers by collective bargaining unit and the number of employee
members is in Tables 2 and 3. Job classifications for Plant A and B and
corresponding job descriptions are in Appendix I.

The occupation title, job classification and description give a good indica-
tion of which employees are involved in production, either directly or
indirectly. Occupational titles can be correlated to the sampling results

in Appendix III.

SAMPLING METHODOLOGY AND ANALYTICAL TECHNIQUES

There is a myriad of chemicals used in the production of SBR. This fact

made it difficult to pinpoint the one, or ones, that could be responsible

for any health problem associated with over-exposures. It is not difficult

to imagine that synergistic effects may be present. Styrene and butadiene

were chosen as target chemicals for this study, because they are the major
components in SBR. Benzene was chosen because of its known leukemogenic
activity. Limited sampling was done for the particulates carbon black and
OMYA BSH-20 (a calcium carbonate compound substituted for talc); also a
limited number of organic vapor samples were subjected to GC/MS analysis

for detection of the other organic compounds present. However, characterization
of the total production environment with respect to the target chemicals

was the primary objective of the study. Personal exposure monitoring was
conducted mainly on the first shift employees at both plants. Personal organic
vapor (OV) and total particulate {TP} samples were collected at Plant A,

while personal and area OV and personal TP samples were collected at Plant

B.

Environmental monitoring was accomplished by using sampling pumps to draw
air through the c¢ollecting substance, such as activated charccal, or poly-
vinyl chloride filters. Personal samples were obtained by attaching sawple
collection apparatuses to the shirt collars or lapels of the employees,

in a manner that would least interfere with their job functions or freedom
of movement. The sampling pumps were secured to the workers' belts. The
pumps and collection apparatuses were connected by plastic Tygon tubing.
Area samples were collected in desired locations using the same type of
sampling equipment as used for personal samples.

Organic Vapor Sampling

Preliminary sampling was conducted at an SBR facility similar to Plants

A and B to validate a sampling method. At that time, two standard 150 mg
coconut shell charcoal tubes were used in series for collection. There was
no breakthrough of styrene or butadiene upon analysis. Accordingly, the
decision was made to use a single tube for collection at Plant A.

E}ﬁnt A

Sampling was conducted at Plant A on July 12-15, 1976. The sampling train
included a single 150 mg coconut shell/charceal tube and either a Sipin



or DuPont sampling pump. The flow rate was calibrated to either 50 or 100
cc/min. Full period consecutive sample measurement, with the average sampling
time being four hours, was employed at this plant. Flow rates through the
sampling train were determined both befwre and after sampling.

Directly after sampling, the charcoal tube samples were stored in a refrig-
erator freezer section until they were sent to the analytical laboratory.

A total of 104 individual samples were collected and submitted. Two tubes
were 1lost in transit. The chemist looked for the presence of butadiene,
styrene and benzene specifically, using NIOSH method number P&CAM 127. A
copy of this method is in Appendix II. This method has a limit of detection
of 0.01 mg for all three compounds.

A large percentage (82.6%) of the samples with detectable »utadiene con-
centrations coilected at Plant A showed breakthrough or wigration of butadiene
from the adsorbing section to the backup section. Butadiene was found on

the backup sections at very low front section loadings, e.g., 0.02 mg. Due

to this problem, monitoring at Plant B was conducted using two charcoal

tubes in series to isolate the breakthrough cases and minimize the chance

for migration. The entire first tube, called Tube "A", was considered the
adsorbing section and the entire second tube, Tube "B" was considered the
backup sectiomn.

Plant B

. Environmental OV sampling was conducted on Apri& 11-14, 1977, at Plant B.
A sampling train consisting of an MDA Accuhaler sampling pump operating
at a flow-rate of 20 cc/min, determined by a limiting orifice and two
150-mg charcoal tubes in series, was used for personal sample collection.
At this lower flow rate and with the tubes in series a full period single
sample measurement strategy was employed. A total of 113 breathing zone
samples were taken. Sampling time averaged about six hours. Ten area OV
samples were collected using Sipin pumps, at a flow rate of 200 cc/min,
and two charcoal tubes in series. Area sampling was done in suspected high
concentration zones throughout the production area.

After sampling, the charccdal tubes were capped and stored in a refrigerator
freezer section. At the end of the survey the persomal OV samples were kept
in storage and the ten area samples were given to an analytical laboratory
for a detailed gas chromatograph/mass spectrometer {GC/MS) analysis. This
technique was utilized to identify other substances present in addition

to the target chemicals. Of special interest was benzene, because very little
was detected in the Plant A samples (only a few samples showed the minimum
detectable level).

The GC/MS analysis proceeded as follows. Initially, two "A" charcoal tube

and two "B" charcoal tube samples were desorbed with 0.5 ml of carbon disulfide
and analyzed by the GC/MS system. Both of the "A" samples showed the presence
of some noticeable components while the "B" samples did not show any ex-
traneous peaks. Hence, only "A" portions of the collected samples were in-
vestigated after the initial attempt.



Because these area OV samples showed the presence of chemicals in addition

to the target chemicals, ten of the breathing zone OV samples were randomly
chosen for GC/MS analysis. None of these samples showed any extraneous peaks
on the reconstructed total ion chromatogram, and therefore, no other breathing
zone samples werce tested in this manner. At this point, the rest of the
breathing zone samples were sent to the analytical laboratory for analysis
according to NIOSH method number P&CAM 127 (See Appendix II).

It should be noted that the personal samples from Plant A had both the front
and backup sections desorbed and analyzed. Alternatively, the Plant B personal
samples were done by desorbing and analyzing all of the front sections ("a"
tube) while only random backup tube ("B" tube) analysis was done.

At each plant two tubes containing charcoal from the same batch as the sample
tubes were treated in the same way as the sample tubes, except no air was
drawn through them. Both ends of each tube were broken off and the tubes
resealed using the plastic caps provided by the manufacturer, and they were
stored with the samples. These tubes served as blanks. No blank correction
was shown to be necessary in analysis.

Total Particulate Sampling

Plant A

Four TP samples were collected in the process area of Plant A to evaluate
exposure to OMYA BSH-20, a white powdery compound which is applied to the
finished rubber product in order to prevent adhesion. A chemical analysis
of this OMYA BSH-20 showed it to be a calcium carbonate compound.
Traditionally, talc is used for this purpose.

Tared MSA FWS-B filters (5~ m pore-size) contained in Millipore three-piece
cassettes were used. Suction was provided by MSA Model-G sampling pumps )
at a flow-rate of 1} liters per minute or greater. A gravimetric analysis

of these semples was later performed.

Plant B

Two TP samples were collected at Plant B in the carbon black unit, and were
subsequently analyzed for this substance using NIOSH method number S-262.

The sensitivity of this method is 0.3 - 2.0 mg for a 200-liter sample, and

is enhanced when collecting larger sample volumes. The sampling train consisted
of tared Gelman VM-1 PVC-film filters in Millipore three-piece cassettes.

MSA Model-G pumps provided a flow rate of at least 1.7 liters per minute.

All TP samples colleccted at both plants were personal breathing zone type.
The cassettes were attached to the collars or lapels with metal clips and
to pumps on che workers' belts via rubber tubing.

Blanks were prepared for each of the total particulate sampling instances
by placing the appropriate filters in cassettes but drawing no air throucgh
them. No blank correction was necessary for these samples.



SAMPLING RESULTS
ORGANIC VAPOR SAMPLING
Standards

The Occupational Safety and Health Administration {OSHA) standard fer styrene
is presently an 8-hour time-weighted average (TWA) of 100 ppm, a ceiling
value of 20018pm, and 2 peak excursion value of 600 ppm for 5 minutes during
any 3 hours. The American Conference of Governmental Industrial Hygienists
{ACGIH) Threshold Limit Values (TLV) for styrene are currently 100 ppm for
an 8-hour TWA and 125 ppm for a Short Term Exposure Limit (STEL) which may .
be equalled for 15 minutes continuously, 4 times per day, with at least

60 minutes between exposure periods. HowevT{, ACGIH has proposed a change

in the TLV to 5C ppm TWA and 100 ppm STEL.

The 0SHA standard for butadiene is an &-hour TWA of 1000 ppm,lo Y?ile the
ACGIH TLV is 1000 ppm for an 8-hour TWA and 1250 ppm for a STEL.

The OSHA standard for benzene is currently 10 ppm for an B-hour TWA, with

a ceiling of 25 ppm and a pBak excusion of 50 ppm for 10 minutes during

an 8-hour shift permitted.” Sipjlarly, the ACGIH TLV is 10 ppm for an &-
hour TWA and 25 ppm for a ST?E. However, NIOSH has recommended & standard
of 1 ppm for a 2-hour sample

Plant A

Results of the half-shift styrene and butadiene sample from Plant A can

be seen in Table III-1 of Appendix III. It was possible to construct 57

styrene and butadiene full-shift TWA's from this data. These are presented

in Table III-2 of Appendix III by occupational title and operation. Statistical
summaries comparing Plant A with Plant B by job title are presented for

styrene and butadiene TWA's in Table 4 and 5, respectively, in the text.

(It should be noted here that for statistical calculations, a value of half

the detection limit was used foEgsamples below the detection limit, in
accordance with the L/2 method.

Styrene

The styrene TWA's ranged from less than 0.05 to 4.44 ppm; 38 cf them were
less than 1.00 ppm, 13 ranged from 1.00 to 1.99 and 5 were between 2.0 and
3.99 ppm, inclusive. One TWA was above 4.00 ppm at 4.44 ppm.

Butadiene

The full-shift TWA's for RD ranged between less than 0.10 ppm and 4.82 ppm.
Of the 57 TWA's, 39 were less than 1.00 ppm, 1 ranged from 1.00 to 1.99
ppm, 5 ranged from 2.0 to 3.09 ppm, while 2 were above 4.0 ppm. (See Table
II11-2 of Appendix IIT.)

In 76 of the half-shift samples with detectable levels, BD was present in
the backup section above one-third of the level in the primary adsorbing
section.



Benzene

Benzene was detected in only three samples (tube numbers 103, 194, and 309).
These samples each contained 0,01 mg benzene and were collected on July

15, 1976. Corresponding atmospheric concentrations were 0.08 ppm, 0.14 ppm
and .08 ppm, respectively.

Plant B

These results were obtained from an average sampling time of six hours.
However, since there were no significant changes in operation and the SBR
process is continuous, these are believed to be representative of 8-hour
TWA's. Statical summaries presented by job title comparing Plant A to Plant
B are in Table 4 for styreng TWA's and in Table 5 for butadiene TWA's. (A4s
in Plant A, the L/2 method™” of using half the detection limit as a value
for samples below the detection limit was incorporated when calculating
statistical parameters).

Styrene

0f the 103 personal samples analyzed for styrene, 35 were found to have
detectable levels in the "A" tubes. Corresponding styrene concentrations
ranged from 0.04 to 12.33 ppm. No styrene was detected in any analyzed "“B"
tubes. Two-thirds of all detectable samples (23 of them) indicated atmospheric
concentrations below 1.0 ppm. Seven ranged from 1.0 to 2.9GQ ppm and five
ranged from 6.0 to 12.33 ppm, with the two highest being tube numbers 30

AM and 115 "A" at 9.86 and 12.33 ppm, respectively.

Two-thirds of the total mumber analyzed for styrenc (68 samples) were found
to be below the limit of detection. These results are presented in Table
III-3 of Appendix III by occupational title and date.

Butadiene

Fifty of the 103 personal sample "A" tubes analyzed for BD were found to
have detectable levels. Sixty-six percent of these samples indicated at-
mospheric concentrations less than 2.0 ppm. Thirteen samples indicated
concentrations between 2.0 and 50.0 ppm, and four ranged between 50.0 and
175.0 ppm. The two high samples were numbers 1 "A" and 106 "A" indicating
144.55 and 174.14 ppm respectively. (Sée Table III-3 of Appendix III)

Of the 103 samples analyzed for BD, 53 were BLD. Also, three samples had
detectable levels in the "B" tube. The sample numbers were 196, 35 and 45.
Corresponding enivronmental concentrations were 174, 102 and 0,899 ppm,
respectively.

Other Chemicals

Ten area samples were submitted for GC/MS analysis. Results for these are
listed in Table III-4 of Appendix III. This analysis was performed to ascertain
the prescnce of chemicals other than the target chemicals, not for the purpose
of obtaining atmospheric concentrations. 4-vinylcyclohex-l-ene {a butadiene
dimer), ethyl benzene, toluene and some methanes were the major components
found.



TOTAL PARTICULATE SAMPLING
Standards

The OSHﬁ standard for a tot?% dust sample of the nuisance du§t1¥ype is

15 mg/m° for an 8-hour TWA, - while the ACGIH TLV is 10 mg/m”. ~ The OSHA
stangard for carbon blacik is 3.5 m§/m ; similﬁ{ly, the ACGIH TLV is 3.5
mg/m® for an 8-hour TWA and 7 mg/m” for a STEL.

Plant A

Four TP samples were collected at this facility. Sample volumes averaged
515 liters. Atmospheric dust concentrations found were 0.62, 0.72, 1.13
and 2.53 mg/m°. Results are in Table IIT-5 of Appendix ITT.

Plant B

Twe TP samples were ccllected at Plant B. Sample volumes were 512 and3602

liters. Sample environmental concentrations were 0.252 and 0.505 mg/m”.
Results are in Table III-6 of Appendix III.

DISCUSSION

Occupational titles have been identified in a survey of two SBR manufacturers
for which exposure to styrene and butadiene has beesn assessed. Full-shift

TWA concentrations have been determined for individuals in these occupational
titles.

There is not complete wiformity in the duties assigned to each occupational
title between the two plants. However, task assignments are not so different
as to make comparison of exposure levels between plants invalid. Some gencral
observations are possible based on the results summarized in Tables 4 and

5, as well as in Tables IXI-2 and IITI-3 of Appendix IIT. Styrene exposures
are consistently higher in Plant A than in Plant B, by job classificatien

as well as overall. However, BD exposures are consistently hicher in Plant

B than Plant A. A comparison of the geometric means and 05% confidence limits
of Plant A and Plant B "overall" provides striking confirmation of this
observation, both for styrene (Table 4) and butadiene (Table 5). These observa-
tions could be reflecting differences in engineering controls between the

two plants.

In these plants, as in most plants whose processes are of the closed con-
tinuous type, the higher exposures were experienced by those whose occupa-
tional duties include quality control sampling and analysis and maintenance
or repair during system breakdown. Specifically, relatively high styrene
exposures were experienced by coag, operators, drier operators, maintenance
people, utility people, and laborers, among others, while relatively high
butadiene exposures were experienced by electricians, hcad reactor and re-
covery operators, instrument men, lab technicians, shift testers, and tank
farm operators, among others. There seemed to be no outstanding exposures
in either plant; in fact, all exposures in both plants were well below current
OSHA standards.



Exposures to dusts and othér particulate matter werc also Lelow the OSHA
standards. At this type of chemical plant there are only a couple of arcas
where a dust exposure problem might arise. These areas are the packaging
area where talc or a similar substance is used, and the carbon black area.

CONCLUSICNS

With recent concern about the possible carcinogenic hazard from exposure

to industrial chemicals, it is reasonable to consider control methods that
will minimize human exposures in industry. The TWA exposures of worksrs

to styrene and butadiene during normal operations at the two plants surveyed
was found to be well below the present OSHA standards of 100 ppm for styrene
and 1000 ppm for butadiene, principally for the following reasons:

— The processing is performed mainly in a c¢losed system, which is
only opened for repairs and quality control sampling.

—~ The worker is not required to spend much time in the area except
Tor the rubber baling cperations.

— The. reactor and recovery processes are in relatively open structures.

Continued and improved industrial hygiene practices are warranted for con-
trolling worker exposures to styrene, butadiene and other chemicals used
in the synthetic rubber processing industry.

These industrial hygiene surveys represent evaluations of worker exposure

to styrene and butadiene which do not reflect possible variations in exposure
due to seasonal or operational changes, but are considered to represent

those that are associated with the usual operating conditions.

Because the epidemiclogic portion of this study did not find any significant
excess of cAause-specific mortality in the population exposed to these very
Jow levels of contaminants, no link can be shown between the low levels
documented here and any cause of death,

RECOMMENDATIONS

In line with the scope of this study, the following general recommendations
are made:

1. Complete pre-employment physicals for all workmen, with periodical
physicals for operations personnel, should be provided.

2. The plants should maintain a routine industrial hygiene surveillance
program.

3. The design and installation of process sytems that are leak resistant
and routine maintenance of process equipment should continue to be

the primary control efforts. Regular inspection of all process equip-
ment should be performed.

10



4. Instruction of employees, especially new employees, in the toxic
nature of process materials and the nced for proper and timely use

of protective equipment and clothing should be conducted periodically.
Training is essential to effectively minimize worker exposures.

5. Respiratory protection and protective clothirg should be made avail-
able to employees and used when exposure and emergency conditions
warrant additional protection. Specific instructions for this type

of program may be obtained by consu%aing the Personal Protective Equip-
ment subpart of the OSHA Standards.

11
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FIGURE 2.

PROCESS FLOW CHART FOR SBR PROCESS
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" FIGURE . 3

MATERIAL BALANCE AND FLOUW CHART FOR SBR PRQCESS

>

Waste
Disposal

Butadicne 45,9
Styrene 14.1

* Hydrocarbon 60.0
Ash 0.66 .
Volatile 0.66
Organic acid 3.98
Soap 0.17
Antioxidant 0.83 .

. Total 66.3

Finished product
(90.5% hydrocarbon)

A11 figures-are pounds per formula weight |
(100 pounds pure monomer and associated

materials).

For a 40,000 metric ton per

year Rate based on 337 day year

Fresh butodiene Butadiene
50.91 @ 98% -Supplier
: y A
. Recycle re-used )
o :’ 27.78.0 79.6% Recycle returned
Rosin acid soap 2.25 | §|o A 5.01 45;.79.‘6% t
. Si|® osses, etc, cut o
Fatty acid soap 2:2 3|z B 57.8% officiency |
Triscdium phosphate 2. Py e SR Sodium chloride
Condensed alkylaryl 1R Polymerization Anti foam c 10.0%
sulfonate 0.15 Hononers ggg Antiocidant .
Caustic soda 0.02 Chemicals 5-6 Monomer
Ferrous sulfate 0.05 s Batch or continuous 5°C Recavery Coagula-
. . : o
Sodiva formaldehyde - mﬁﬁgﬁr::g: - 72.20 tion S
sulfoxylate 0.05 Coaversion goalzo g
: . Reaction time - -
Scdivm salt ‘of
ethylene diamine ptu-550 but/1b ru‘bber Shortshop %
tetra acetic acid 0.05 [« 36,465 b'tu/F.k. A sulfuric acid £
o mmamnr g 1.0 2
Teriary ng r.slercaptar)! 0.30 5 | Losses, etc. cut to =y
Aromztic (6.6 cumene v 97.5% efficiency
" hydroperoxide 0.05 | Recycle re-used
Process water 200 |2 13.32 @ 91.3% Recycle returned
k=4 L 1.90 @ 91.3% ¥
(-] .
& Fresh Styrene “Styrene
g' 16.0 €@ 99% Supplier
Shortstop, sodium dimethyl o
dithiocarbamate 0.10
Polyamine "H"' 0.05 ‘
Rosin acid soap 0.05 NOTE: 100% efficiency shown, losses cut
. efficiencies and yields to 97.5%,
B. Antifoam - various 0.001 and result in reduced recycle return, etc.
C. Antioxidant 0.83-1.0

. t¢hoice of several . !
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4.

TABLE 2

EMPLOYEE REPRESENTATIVES AT Plant A

Organization

0il, Chemical and Atomic Workers
United Brotherhood of Carpenters and Joiners
of America '
Unifcd Associétion of Journeymen and Apprentices
‘of the Plumbing and Pipefitting Industry of
the United States and Canada
United Brotherhood of Painters, Decorators, and

Paperhangers

International Association of Machinists and

.. Aerospace Workers

_International Brotherhood of Electrical Workers

18

Members

225

33

42

32



Employment was approximately 475 divided as follows for Rlant B:

TABLE 3

EMPLOYEE REPRESENTATIVES AT PLANT B

Organization

Local 4-228, 0il, Chemical and Atomic Workers
* Internationzl Union, CIO, Plant Grouﬁ
Local 4-228, 0il, Chemical and Atomic Workers
International Union, C&b, Office Group
Local No. 610, United Brotherhood of Carpenters
and Joiners of Americal, A. F. of L.
Lodge 1792, Districy 31, International Association
of Méchinists and Aerospace Workers
Local 390, International Brotherhood of Elzctrical
" Workexs, A. F. of L.
Local 328, United Brotherhood ofAPainfers,
. Decorators, and Paperhangers, A. F. of L.
Pipefitters Local 195, United Association of
Journeymen and Apprentices of the Plumbing and
Pi?efitting Iﬁdustry of the United.States and

" Canada, A. F. of L.

Local 196, Sheet Metal Workers International Association

A. F, of L.

120 Production
180 Maintenance
60 Laboratory
115 Management

19

-

Members

236

32

39

22

40 -



ANALYSIS OF STYRENE CONCEWTRATION BY JOB, PLANIS A AND B

TABLE &

Jos TITLE PLANT NUMBER NUHBER SAMPLES  MAXIMUM  MINIMUM  MEAN ' STANDARD STANDARD . GEOMETRIC GEOMETRIC UPPER 952 LOWER 95%
o OF SAMPLES BELOW DETECTION  VALUE VALUE DEVIATION ERROR _MEAN . STANDARD CONFIDENCE  CONFILENCE .
LIMIT . DEVIATION LIMIT, LIMIT, GEOMETRIC
GEOMETRIC
"A" Operator A 4 0 1.06 ' 0.21 0.61 0.56 . 0.18 D.Sé 1.97 1.52 0.18
Bailer/Dryer A 1 0 0.16 .0.16 - - - - - - -
pailer A 1 1+ 0.03 0.03 - - - - - - -
dailer Operator B 3 3+ 0.15 0.14 - - - - .- - -
Blend Operator A 4 0. 2.02 0.40 1.19 0.74 0.37 1.00 2.08 3.20 0.21
Carpenter B 4 Io+ 0.11 0.10 - - - - - - -
Cnarge Operator B 1 1+ 0.14 0.14 - - - - - - -
Cleaner A 2 0 0.75 0.56 0.66 ~ 0.14 0.10 0.65 1.24 +4,38 0.10
Coag. Operator A 6 0 3.65  0.36 1.3 1.20 ,0.49. 0.99 2.34 2.43 0.41
Coag. Operator B 5 1 0.54 0.05 0.35 0.23 0.10 0.25 2.88 0.94 0.07
Compounder A 2 0 0.22 0.10 0.16  0.08 0.06 0.15 1.69 16.70 0.00

Dryer Operator A 4 ¢ 3.38 0.26 2.20 1.35 0.67 1.56 3.32 10.50 0.23
Dryer Qperator B 1 1+ 0.31 0.31 - - - - - - -
E-Line ilelper A 1 G 0.33 0.33 - - - - - - -
Electrician A 1 4] 0.10 0.10 - - - - - - -
Electrician ) B 5 5+ 1.05 0.09 - - - - - - -
Finisnad Prod. '

Chem. Testing A 1 0 0.22 0.22 - - [ - - - -
Float Ald Oper. A 1 4] 0.36 0.36 - - - - - - -
Foreman B 1 1+ 0.15 0.15 - - - - - - -

G-H Lipe MHelper A 1 0 6.72 0,72 - - - - - - -
ilead Blend Oper., A 1 . 4] 0.89 0.%9 - - - - - - -
Head Coayg. Oper. B 2 ,‘ Q 2.14 . 0.26 1.20 1.33 0.94 0.75 4.38 437983.67 0.00
liead Operator A 2| 2 590  0.03° 115  1.60 0.46 0.56 3.90 1.32 0.23
B 1 ! 0 0.55  0.55 - - - - - - -

Head Operator

20
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N | :

H ' ! : : TABLE 4 (Cobt.)

—

?l ‘ Ai'iml.Y:sxs 1OF STYVENE CONCENTRATTON BY JOB,. PLANTS A AND B

i : ] i :

1 ! ! : .

JOos TITLE PLANT NUMBIER ; NUMBER SAMPLES : I‘\ MAXIMUM  MINIMUM MEAN  STANDARD STANDARD GEOMETRIC GEOMETRIC UPPER 95% LOWER 95X

' ) OF SAMPLES :| BELOW D.ETECTIONE " VALUE VALUE DEVIATION ERROR _MEAN .. STANDARD CONFIDENCE CONFIDENCE
. : |l : LIMIT ; ) . DEVIATION LIMIT, LIMIT, GEOMETRIC
& 3 GEOMETRIC

' L

Head Reactor gt i . ’ ' :

Operator c A 1" ‘ [ v,.561 . 0.61 - - - - - - -

Head Reactor : . ' + l ) ‘ ’

Operator i B : 41y 3 0.48 0.11 T - - - - - T - -

Head Recovery ! '- + . : R ) .

Operator i B 44 2 : 1.02 0.17 - - - - - - -
Head,Transfer E : + ’ :

Puop House i B 1 ': . | 1 0.15 0.1% - - - - - - -
Hood-Tank Farm ! {( - ’ , .

Operator ‘B 1t % 1’ 0.13 0.13 - - .- - - - -
Instrument Repair iA 1 ‘x‘ % 0 0.15 0.15 - - - . - - - : -
Instrument .Man B 3 3 1 1,44 ° 0.09 0.65 0.71 ) © 0,41 0.38 4.01 11.80 " 0.01
Janitor B 1 r 0.11 0.1 - - - - - - -

Lab. Analyst. B 4 . ‘l -0 ' 0.96 0.24 0.55 0.30 0.15 0.49 1.76 1.21 0.20
Lab. Foreman A 1 l 0 0.30 . 0.30 -~ - - - - - -

Lab, Technician B 8 AL 2.86 0,09 - - .- - C- - -
Laborer A 4 [ 1.05 0.42 0.8 0.27 0.14 . 0.76 1.50 1.44 0.40
Laborer 3 17 6 . 12.33 0.10 3.00 4.08 -0.99 0.83 6.08 2,11 0.33
Lift Truck Driver B 1 1t 0.14  0.14 - - - - - - : -
Machinist A 2 [4] ’ 0.53 0,48 0.50 0.03 ' 0.02 0.50 1.07 0,92 0.27
Maciinisc B 1 1t 0.12 0.12 - - - - - - -
Maintenance Nead . :

Operator . A .3 0 1.01 0.23 0.58 0.40 0.23 . 0.49° 2.09 3.q9 " 0.08
Main Operator - A 1 0 0.37 0.37 - .- - - - - -
Maintepance Oper. A 1 0 0.82 - 0.,82. -. - - - - - - -
Maintepnance A 2 0 1.52 . 0.73 1.13 0.56 *0.39 1.06 1.67 108.57 0.01
Maintenance B 4 4+ D.16 0.10 - - - - - : - -



: . TABLE 4 (Cont.)
ANALYSIS OF STYRENE CONCENTRATION BY Jo¥, PLANTS A AND B

GECMETRIC UPPER 952

JOB TITLE PLANT NUMBER NUMBER SAMPLES  MAXIMUM  MINIMUM  MEAN STANDARD  STANDARD GEOMETRIC LOWER 95%
OF SAMPLES BELOW DETECTION  VALUE VALUE DEVIATION ERROR -MEAN ° STANDARD CONFIDENCE CONFIDENCE
LIMIT DEVIATION LIMIT, . LIMIT, GEOMETRIC
GEOMETRIC
Mechanic A 7 0 4,25 © 0.06 1.11 1.51 0.57 0.49 4,26 1.74 0.14
Mechanic B 12 ].0+ 0.81 ~0.09 - - - - - - -
Operator A 1 [¢] 3.88 3,88 - - - - - - -
Operator Helper A . 0 0.50 0.11 ¢.27 _0.20 0.12 0.22 2,12 1.43 0.03
Operator Helper B 3 3+_ 0.16 0.14 - - - - - - -
Pipefitter A 14 1 6.50 0.02 1.85 2.20 0.59 0.73 5.06 1.86 0.29
Pipefitter B 8 7t 0.23 0.09 - - - - - - -
Reactor Operator A 7 0 0.50 0.16 0.27 0.12 . 0.05 0.25 1.51 0.37 0.16
Recovery Opurator A 7 [+ 3.19 0.18 0.84 1,08 - 0.4 0.51 2.64 1.22 -0.22
Recovery Operator B 4 3+ 0.80 . 0,12 - - - - - - -
Relief Operator ‘B 1 1+ 0,17 0.17 - - - - - - -
Shift Tester A ‘2 0 0.33 0.14 0.23 0,13 0.09 0.21 1.83 49,90 0.00
Tank ‘Farm Oper. A 6 0 3.35 0.15 0.89 1,23 0.50 0.49 3.06 1,58 0.15 .
Tank Fram Oper. B 1 1t 0.14 0,14 - - - - - - - ’
Tester A 1 [+ 0.53 0.53 - - - - - - -
Tester-in- .

Training A 0 0.37 0,37 . - - - - - - -
Tipper A 1 0 ,0.30 0.30 - - ;- - - - -
Traosfer Pump . + o K o .

House B 1 1 0.15 0.15 - - - - - - -
Urility/Coag. '

Operator A 1 2,19 2.19 - - - - - - -
Utility Operator - A 0 3.84 1.18 | 2.51 1.88 1,33 2.13 2,30 3834.39 0.00
Welder B 1 i+ 0.11 , 0.i1 - - - - - - -



' TABLE 4 (Cdot.)
ANALYSIS OF STYREWE CONCENTRATION BY JOB, PLANTS A AND B

Jos TITLE PLANT NUMBER NUMBLR SAMPLES MAXIMUM MINIMUM MEAN STANDARD STANDARD GEOMETRIC GEOMETRIC UPPER 95%  LOWER 957
OF SAMPLES BELOW DETECTION VALUE VALUE DEVIATION  ERROR _MEAN STANDARD  CONFIDENCE CONFIDENCE
LIMIT . DEVIATION LIMIT, LIMIT, GEQOMETRIC
GEOMETRIC
OVERALL A 111 4 . 6.50 .0.03 1.02 1.30 " 0.12 0.54  3.15 0.67 0.43
OVERALL B 103 et 12,33 .0.05 0.72 1.95 0.19 . 0.25 3.31 0.32 0.20

+ At least 50% of samples were below the detection limit, so statistical parameters were not generated, (ref. 13)

++ Statistical parameters may have large error because more than 50% of samples were below the detection limit, (ref. 13)
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_ TABLE 5
ANALYSIS OF BUTADIENE CONCENTRATION BY JOB, PLANT A AND B

Jos TITLE PLANT NUMBER NUMBER SAMPLES MAXIMUM MINIMUM MEAN STANDARD STANDARD GEOMETRIC GEOMETRIC UPPER 95X  LOWER 95%

OF SAMPLES BELOW DETECTION VALUE  VALUE DEVIATION  ERROR  .MEAN - STANDARD CONFIDENCE  CONFIDENCE
LIMIT DEVIATION LIMIT, ' LIMIT, GEOMETRIC
GEOMETRIC

“A" Operator A & 1 1.79 0.06 0,77 0.77 0.39 0.42 4.29 4.25 0.04
Bailer/Dryer A 1 1t 0.05  0.05 - - - - - - -
Bailer Operator A l* 0 0.18 0.18 - - - - - - -
Baller Operator B . 3 3+ 0.29 0.27 - - - . - - - -
8lend Operator A 4 4+, 0.07 0.05 - - - - - - -
Carpenter = B 4 st 30.60 0.20 - - - - - - - .
Charge Operator B 1 0 1.19 1.10 - - - - - - -
Cleaner A 2 2+ 0.13 0.10 - - . - - : - - - -
Coag. Operator A 6" &t 0.18  0.05 - - - - - - -
Coag. Operator B 5 2 0.52  0.23 0.41  0.13 0.06 . 0.39 1.43 0.60 0.25
Conpounder ‘A 2" o 1.95 1.40 1.67 . 0.39 0.28 1.65 1.26 13.56 - 0.20
Dryer Operator A 4 2 0.26 0.05 - - - - - - -
Dryer Operator B 1 l+ 0.60 0.60 - - . - - - - -
E~Line Helper A 1 0 0.11 0.11 - - - - - - © -
Electrician A 1 0 2.14 2.14 - - - - - - -
Electrician B 5 s 2,02 0.18 - - - - - - -
Fivrished Prod. *

Chem. Testing A 1 0 0.36 0.36 - - .- - - - -
Float Aid Oper. A 1* 0 I 0.71 0.71 - - - - - - -
Foreman B 1 0 1.16  1.16 - - - - - - -

G-H Line Helper A 1 1t 0.06 _0.06 - - - - - - ~
llead Blend Oper. A 1 1t 0.06  0.06 - - - - - - -

Head Coag. Oper. B 2 2* 0.26 . 0.26 . -* - - - - - -
llead Operator A 12" 5 514  0.05° 0.9  1.53 < 0.44 0.32 4.87 0.89 0.12

B 1 it 0.27 0.27 - - - - - - -

Head Opertator
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. TABLE 5 (Cont.)
ANALYSIS OF BUTADIENE CONCENTRAT‘ION BY JOB, PLANTS A AND B

Jog TITLE PLANT NUMBER NUMBER SAMPLES MAXIMUM MINIMUM MEAN STANDARD STANDARD GEOMETRIC GEOMETRIC UPPER 95% LOWER 95%
OF SAMPLES BELOW DETECTION VALUE VALUE DEYIATION ERROR _MEAN . STANDARD CONFIDENCE CONFIDENCE
LIMIT DEVIATION LIMIT, LIMIT, GEOMETRIC
GEOMETRIC'

llead Reactor * .

Operator A 1 0 4,55 4,55 - - - - - - -
Head Reactor + '

Operator B 4 2 69.61 0.25 -* - - - - - -
ilead Recovery . ’

Operator B 4 1, 33.21 0.23 11.10 15.37 7.68 3,02 9.20 103.03 0.09
dead, Transfer B °
Pump llouse B "1 o] 25.01 25.01 - - - - - - -
Hood-Tank Farm . :

Qperator B 1 0 - 0.51 0.51 - - - - - - . -

. :
Ioscrument Repair A 1 T 0 0.18 0.18 - - - - - - -
* .
Instrument Man .B 3. 1 276.03 0.17 92,59 158.87. 91.72 4,22 44,02 51065.72 0.00
Janitor B 1 1 0.20 0.20 - - - - - - -
Lab. Analyst B 4 2t .33 0.23 - - - - - - -
Lab. Foreman A Y 0 2.45 2.45 - - - - - - -
Lab. Techpician B 8 3 144,55 0.22 33,27 53.86 19.04 3.51 14.03 31.94 0.39
Laborer A 4 i 0.13  0.08 - - - - - - -
Laborer B 17 7 8.22 0.17 1.54 2.29 0.56 0.66 - 3.58 1.27 0.34
Lifc Truck Driver B 1 0 0.54 Q.54 - - - - - - -
Machinist A 2 0 0.55 0.39 0.47 0.12 " 0.08 0.46 1.29 4.45 0.05
Machinist B 1 0 0.46 0.46 - - - - - - -
' Maintenance Head x '
Operator A *3 1 0.53 0.06 0.29 0.24 0.14 0.21° 3.03 3.21 0.01
Matn Operator A 1 0 .91 1.91 - - - - - - -
. X .

Maintenance Oper. A 1 (] 1.30 . 1.3¢ - - - - - - -
Haintenance A 2 2+ 0.10  0.08 - - C e - - - -
Maintenance B 4 3+ 0.63 0.20 - - - - - - -
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) TABLE 5 (Cont.)
ANALYSIS OF BUTADIENE CONCENTRATION BY JOB, PLANTS A AND B .

Jos TITLE PLANT NUMBER NUMBER SAMPLES  MAXIMUM  MINIMUM MEAN  STANDARD  STANDARD A GEOMETRIC GEOMETRIC UPPER 95X LOWER 95%
OF SAMPLES  B:ZLOW DETECTION VALUE VALUE DEVIATION ERROR -MEAN | STANDARD CONFIDENCE  CONFILENCE
LIMIT DEVIATION LIMIT, LIMIT, CEOMETRIC
GEOMETRIC
Mechanic A 7 3 1.68 * 0.09 0.42 0.60 - 0.23 0.22 3.14 0.59 0.08
Mechanic B 12 5 44,38 0.19 4.08 +12.69 3.66 0.53 4.47 1.37 ©o0.21
Operator A 1 0 0.63 0.63 - - - - - - -

Operator Helper A 3 3t 0.16  0.08 - - - - - - -
Cperator Helper B 3 2+ 1.81  0.26 - - - - - - -
Pipefitter A 14 6 4,17 0.05 0.92 " 1.34 0.36 0.3z 4,69 0.79 0.13
Pipefitter B 8* é+ 3.12 0.18 - - - - - - -

*
Reactor Operator A 7 0 4.08 0.24 1,93 - 1,52 0.58 1.27 3.03 3.74 0.43
* N "

Recovery Operator A 7 1 4,45 0.06 0.90 1.58% - 0.60 0.37 3.81 l.21 0.11
Recovery Operator B 4 ' 2.33 . 0.24 - - - - - - -
Relief Operator B 1 1t 0.31 0.31 - - - " - - - -
Shift Tester A 2“l 0 4,82 1.00 2.91 2.70 1.91 2.20 3.04 4£7964.66 0.00
Tank Farm * ’ .

Operator A ' 6 . 0 3.94 0.94 2,50 1.34 . 0,55 2.14 1.92 4.23 1.08
Tank Farm +

Operatar 1 0.26 0.26 - - - - - - -
Tester A * 1.35 1.35 - - - - - - -
Tester~-in * -

Training A 0 R 1.11 1.11 - - - - - - -
Tioner it 0.10 ~ 0.10 - - - - - - -
Transfer Pump + -

Housge B *1 -1 ) 0.29 0.29 - - - -~ - - -
Utility/Coag. - +

Operator 0.06 .06 - -. - - - - -

. * -
Utility Operator A 0 0.39 "0.16 . 0.27 0.16 0.12 0.25 1.88 71.75 G.00
+ . 0
B 1 : OI 21 - Rl - - - . - -

Welder

-0.21
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_ TABLE 5 (Cont.)
ANALYSIS OF BUTADIENE CONCENTRATION BY JOB, PLANT A AND B

LOWER 95%

JOos TITLK PLANT NUMBER NUMBER SAMPLES  MAXIMUM MINIMUM MEAN STANDARD STANDARD GEOMETRIC GEOMETRIC UPPER 95%
OF SAMPLES  BELOW DETECTION  VALUE VALUE DEVIATION ERROR .MEAN . STANDARD CONFIDENCE CONFIDENCE
LIMIT . DEVIATION LIMIT, LIMIT, GEOMETRIC
GEOMETRIC
OVERALL A 111 43 ' 5.14 0,05 0.87 1.26 0,12 0.31 4,31 0.41 0.24
OVERALL B 103 54++ 276.03 0.17 8.03 32.62 3.21 0.71 5.35 -0.99 0.52

* At lcast one of the samples had styrene on the B tube or B section above ome~third the level found on the A tube or A section,

+ At least 50X of tne samples were “.low the detection limit, so statistical parameters were not generated. (ref. 13)

++ Statistical parameters way have lacge error because mora than 50% of samples were.below the detection limit. (ref. 13)
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. Plant A Plapnt B

01 01
03
05 03
02 05
07 08
08 09

APPENDIX I

-JOB CLASSIFICATIONS

Laboratory - Technical

Laboratory Technician: Compound rubber saraples, cure
rubber samples, pull tensile, mix BPI samples in Banbury,
Determine compound viscosities and BPI's on Mooney Viscometer,
clean and calibrate Mooney Viscometer and Scott Testers. Make
up solvents, order and handle laboratory supplies, record,
check, and report testing results. Make up cozgulant used in
Shitt Control Labératory, determine torque curves of compounded

rukber using Monsanto Rheometer, cut up standard rubber hales.

Tan!: Farm - Production

He;ad Operator: Receivgs recycle butadicne from Recovery units and
with fresh butadiene received from Neches Butaﬁe mak; blends v;'hic':.
are pumvped to the Reactor units. Sample§ all butadiene day tanks
fér labora‘cory tests. Caustic treats butadiene pumped to the
Reactor units. Samples caustic for laboratory tests. Receives and
unloads caustic and acid cars to storage tanks., Samples these cars
for laboratory tests. Requests maintenance be done on all tank
farm equipment,

A Operator; Assists Head Operator as needed. Receives and unloads
fresh styrene trucks. Makes styrene blends for recycle styrene
received from the Recovery units and available fresh styrene in
storage. Pumps bl;anded styrcne to the Reactor units, Samples

styrene received and blends for laboratory tests.
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JPlant A Plant B

03

r—

07

JOB CLASSIFICATIONS, PAGE 2,

05

08

09

Reactor - Production

Head Operator: Receives charge ingredients, butadiene, styrene,

soap solution, PMHP, activétor, modifier and shortstop.

Directs charge ingredieﬁts th;ough Reactor t;ain for latex pro-
duction. Pumps latex to Recovery. Assists Reactor charge opera-
tor with his duties. ‘Sar:;ples léttex for laboratory tesis. Requesis
maintepé.nce to be done on Reactor area equipment. Performs

specific housekeeping duties and completes Reactor logs.

A Operator: Assist.the Reactor Head Operator in the performance

of his duties, Receivcs charge ingredients into surge'tanks and

calibrates minor stream flows to the train. Samples latex for

. laboratory tests. Analyzes the reactor charge stream for oxygen

éontent by a syringé‘titration method, Completes reactor charge

and calibrztion log.

Recovery - Production

Head Operator: Operates recovery unit équipment to remove un-

reacted butadiene and styrene from latex received from reactor
units. Pumps these monomers to the Tank Farm. Pumps stripped

latex to the Process storage tanks. Makes up sodium nitrite

.solution for use in pump seal water, Makes up defoamer used in

the flash tanks and stripping columns, Samples latex, seal H0
and vent gas for laboratory tests. Requests maintenance on equip-
ment in this unit. Performs specific housekeeping duties and com-

pletes the recovery log.

N



TJUB CLASSIICATIONS, PAGE 3,

Plant A Plant B - : .
08 09 A Operator: Assists the Head Operator as needed in the performance

of his duties.

. _‘_J.__?_ _9__5_ Process - Production
Foremen - all categories:

Process: Supervises all opérations in the process area excluding
speciﬁc solutions operations which are supervised by the
General Shift Foreman. Reports to General Shift Foreman. ,

Poly: Directs activities in the utility, feactor, recovery, pigment,
brinehouse and tank farm areas. Reborts to General ShiftA
Foreman. ‘ ‘ |

07 08 | Head Operator - Process Area: Reporté to the proceés foremzn for

instructions on shift operatiohs in the finishing area and coordinates
,act.iviéies of operatibns in all process areas toward completion . of
these instructioﬁs. These areas include solutions, coagulation,

- dryers, baiers, packaging, scale‘ and fork truck operation. Makés
maintenance requests on equipment in the varj.ous areé.s. Main'tains

© raw materials inventories. Assists 'operators as needed and pro-
“vides temporary felief td these operator§ as. required. Additionally,
the Process A.Head O}ﬁerator chécks the affiuent pumping anq

treatment éystem ior proper control and pH control.
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JOB CLASSIFICATIONS, PAGE 4.

" Plant A Plant B

08 09 A Operator - Pigment: Makes up scap, activatour, antioxidant, short-

stop, and oil emulsion for use in the reactor and solutions area,
Pumps these chemicals along with PMHP and modifier to designated
storage and surge tanks, - Samples made-up chemicé.l solutions for
laboratory tests. Adds wate.r treating chemicals to hot water cir-
culating systemns in pigment tank farm area. Samples water for

analysis at the utility cooling water test hduse.

09 08 .. Blend Operztor: Receives latex from the recovery units and directs

to storage tanks as instructed by the General Thift Foreman.

‘Receives o0il emulsion and antioxidant from the pigment areas and

directs to storage, Makes latex blends and directs latex from one

. tank to another as réquired. Pumps latex to coagulation. Samples

latex, oil emulsion and antioxidant for laboratory tests. Coznpletes“

bl'end logs and performs certain housekeeping duties.

10-12 09 Coagulation Operator: Coagulates latex received from solution blend

5

. tank. Performs certain housekeeping duties and completes coagula

tanks, washes and dewé’ters rubber crumb for transfer to the dryerza
Receives concentrated acid from the tank farm to coagulation surge
tank. Makes up coagulant aid and TPP solutions and pumps to the

coagulation tanks. Receives raw'brine and pumps to the coagulatio:

\E:}COR 10g .

11 . 08 Dryer. Operator: Receives rubber crumb into the dryers and operates
N

dryef's as detailed. Delivers rubber samples to laboratory for test

Cleans dryer fines in designated areas and maintains general house
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JOB CLASSIFICATIONS, PAGE 5.

.

Plant A

14

16

06

08

0

Plant_ B’

09

09

17

12

9

09

09

keeping in the area. Samples silicone dryer spray solutions aftcr
makeup for laboratory tests, Completes dryer log.

Baler Operator: Receives dried rubber crumb to the baler scale for
weighing and baling. Operates baler conveyors and film wfapper.
Assist operator helper in bale'packaging. Performs general and
specific housekeeping duties. Completes baler log.

Valve Greaser: Lubricates and exercises 21l plug cock valves in the

plant. Requests maintenance on valves and grease gun equipment.

Lift Truck Driver: Removes packaged rubber by 1ift truck, weighs
and stores rubber in-wareh_ouse. Delivers raw materials and
pé.ci{aging parts to various pr;:yces.s areas. Comvpletes warehouse
inventory log.

6perator Helper: Packages rubber bales. Assists baler opergtor
in baler and wrapper operation. Performs general. housekeeping

ahd completes packaging log.

. Carbon Black:

Floating A Operator: Removes dryer fines and samples rubber

for labaratory tests. Assists coagulation, dryer and black hou:

operators as needed.

Black House Operator: Receives and unloads carbon black seald bi-

with hoist truck. Operates black house., Makes up carbon bl
slurry and pumps to coagulation. 'Samples carbon black slur
for laboratory tests. Completes carbon black receiving and

unloading log.

33
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" * . ".JOB CLASSIFICATIONS, PAGE 6.

glé_pg A Plant B ,

0z 10 Shift Breaker-iflead Operator: Provide shift relief for process,

‘ récovery, reactor, utility and tank ffarm Head Operators.

02 10 Shift Breaker-A Operator: Provides shift relief for the floating L.ift
Truck Driver and the regular 1ift Truck Drivers. Also, all A
Operators in Process énd Pélymerization areas.

02 10 Shift Breaker-Vacation Relief: Provides vacation relief for ali day
shift operators.” Performs cther 'duf:iésﬂégdirécted.

07 07 Maintenance

01 01 Foreman: Directs and supervises activities of craftsmen and Léborg_g_sﬂ__‘

assigned to him, to perf_orm.jthe-variou’s‘"‘fﬂé‘.‘iﬁ‘tenance :E'epair jobs
throughout the plant, He directs and insti‘ucté employees in the
proper methods and techniques of work, including safety. Perfor:'rr*-.sj
certaih .administratiﬁe duties sv:ch as time keeping, personnelrecoxrd
ordet;ing of materials, etec.

19 20 Pipefitter - plantwide: i?erforms maintenance upkeep, troubleshoocting
and repair of-all piping systems, vessels and condensers within the

_ plant. He cuts, threads and fits p-ipe. Makes pipe skeiches fer
welder fabri.cation. Removes, clea.ﬁs and inétalls pipe, valves, elc.
Unheads and he-ads up non-agitated vessels and stripping volumns,

installs and removes relief valves.

20 21 Welder-plantwide: Performs welding such as electric are, gas metal
are, oxy-acetylene and soldering on piping systems, structural
steel, pipe hangers and brackets and equipment repair, as he may
be directed. Also. aoes own cutting, fitting anfd grird ing of V.‘:;I’iOUS

materials he worke with.



JOB CLASSIFICATIONS, PAGE 7.

Plant A Plan: B

21 22 . Sheetmetal-plantwide: (Same as BFG).

23 24 Electriciari-plantwide: (Same as BFG).

24 25 Painter-plantwide: (Same as B];"G).

25 26 Machinists-Inside-plantwide:‘ Fabricates necessary parts to };eep

equipment in plant in operation. Operates lathes, mills, drill
presses, shaper, -grinders, etec., to make or repair'machine
equipment, such as shafts, bearing housing, pump and com-
________ pressor paris and housings, ete, |
22 , 26 Machinists -Outs-ide—plantwide: Performs maintenance upkeep,
troubleshooting and repair and installation of mechanical systems
.throughout the plant such as pumps, gear boxes, agitators, con-
) veying sysfems, mechanical drives such as sprockets and sheav’es;,
compr-;assors and gaéoline, gas and diesel engine driven equipment
26 27 ' Oiler (Poly & Process_'.): i—"rovides lubri,catign on pre-determined sch-
edule for all machinery requiring lubrication. Checks such machineé

on daily basis,

27T . 28 Carpenter -olantwide: {Same as BFG).
98 29 - Instrument Repairman-plentwide: (Same as BFG),

11/18 386 Truck Driver-plantwide:
Trash Truck: Makes interplant deliveries. Hauls waste matérials

from plant {o disposal sites. Assisted by Laborers assigned

to trash truck when haﬁﬁng.
Winch Truck: Makes interplant deliveries. Assisted by plant crai:-

men. QOperates winch when needed,
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» JOB CLASSIFICATIONS, PAGE 8,

Plant A Plant B ) ;
11/33 37 Labor Leaderman-tank, dryer, yard: Leader on common labor jobs in:

assigned areas,
11/34 38 Common Labor-Special Cre\-vs:.
| Dryer Crew: Performs cleaning on dryers, coagulation tanks and

blend tanks in process area. Cleans floors and trenches in
process area.

Tank Crew: Performs cleaning on all vessels in poly area, Cleans
floors and trenches in poly aréa.

Yard Crew (plant-wide),
Lawn mowers: Maintains yard and grounds, Opéra’ces all mO\'-:

machinery including tractor, h_an-d mowers and edgérs.

- Trash Truck: Places plant garbage inte dumpsters in specifisd

AR T L N PN Y ey

areas for pickup by contract waste disposal. Assists truck:
- driver in disposal of plant wastes. :

Common Labor: Cleans column trays, strainers, screens, dryer fligh!

i

at salvage yard. Uss for housekeeping plantwide,

Laborer-Cement Finisher: Pours and finishes all concrete. Applies
grout where needed. Lays bricks..

Laborer—Cemeﬁt Cutter Buster: Operates pneumatic concrete busting
tools, |

Water Blasterfplant\vide: Performs high préssure water cleaning as
needed.

11/35 39 Building Laborers and Janitors: Maintains buildings, offices and rest-

rooms in a clean and sanitary condition.

SR | S



JOB CLASSIFICATIONS, PAGE 9,

| Plant A Plant B
10 _(E Utilities

07 (471 Head Operator: Operates cornpfessor house providing refrigeration for
the reactor units using NHZ as a refrigerant. Recieves anhydrous
NH_ by tank truck to stofage. Lubricates equipment in this area.
Adds water treatiug chemicals to engine and ;:ompressor cooling
watei- and saﬁmples water for tests at the cooling tower test bench.
Performs specific housekeeping duties and completes réfrigeraticnlt

i - 09 Operator A: Assist utility head operator whken needed. Operates coolir.
tower. Receive; and adds concentrated acid to control pH of circula-
tion plant cooling water. Adds water treating chemical Lo cooling
water. Receives chlorine by cylin'der and adds to the cooling water

. periodically thru a chlorinator. Samples cooling water and perform

required analysis. Operates water pump house, Lubricates equip-
m.ent. Performs specific housekeeping duties and completes water
pumphouse log,

02 18 " Relief Operator: Takes the place of any>of the above listed Operators

when they are absent. Performs duties of that particular operator

relieved.
12 _1_0 Storercom - Stockroom
2 .
3 41 Storeroom Clerks: : . Issues materials in storerocom

and inserts legible and accurate numbers on stores requisitions for
EDP use. Usesworiing knowledge of stores catalog printed by ED-
~‘to find.approxi.mately 15, 000 individual items for instruments, pum-
equipment, electrical, pipefitting and miscellaneous crafteman's jo°

Uses his knowledge of 1, 000 tools in EDP catalog and fellows pro-
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e JOB CLASSIFICATIONS, PAGE 10.

'
'

Plant A Plant D cedures for issuing correctly and accurately. Unloads, receives

" and stores any materials received by storercom. Makes annual
inventary on selecti_ve check car;_is prepunched in EDP section.
Issues coveralls and towels as authorized. Assists in inventory
control and report loses or muiilaton.
Head Storeroom Clerk: Performs all duties as listed for Storeroom
Clerk. S:u;')ervises all Storero'om Clerks during the vacation and
iilness of the Storeroom Foreman.
12 13 | Supply & Distribution:
15 17 " - Lift Truck Driver:; ‘ALoading rubber into box cars and trucks, storing
| rubber cartons in Warel"louse after_ being filled at packaging station.
80 . ' Rl;lbber Lo;f.tders: Swelep Waréhouse,r prapa:re box cars for loading, clo:—.f
" boxcar doors ‘a_fter loading, cut.slamples of finished rubber for
| }aboratory, prepare sample shipments, prepare special and export

packaging, recoup br'oken‘ and spilled boxes of rubber.
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ORGANIC SOLYENTS IN AIR
Physical and Chemical Annlysfs ‘Branch
Analytical Method *

Analyte: * Organic Solvents Method No  P&CAM 127

. - . (SceTable1) ‘ . o _
Matrix: Air A Range: For the specific
‘ . . ) 7 compournd, refer
Procedure: Adsorption on charcoal ) to Table 1
i desorption with carbon
+ disulfide, GC ‘
Date Issued: 9/15/72 . ... . Precision: 10.5% RSD
Date Revised: 2/15/77 .- - Classification: ~ See Table 1
1. Principle of the hlethod ’ "
. L1 A known volume of air is drawn through a charcoal tube to trap the ofganic vapers present.
|' 1.2 The charcoal in the tube is transferred to a small, graduated lest tube and desorbed with
.. . carbon disulfide. _ .
L. 1.3 An aliquot of the desorbed sami:)lc is injected into a gas chroma!ograph

14

2. Rangc and Sensitivity . L R

The area of the rtfsultmv peak is dctcrmmed and compared with areas obtained from the

: m}ect:on of st'mdards : -

. .. - .
(TSI . f P ey

_ The lower limit in mg/ samplc for the specific compound at 16 X 1 attenuation on a gas chromato-
graph fitted with a 10:1 splitter is shown in Table 1. This value can be lowered by reducing the

+  attenuation or by chmmatmg the 10:1 spluter.

.- * .

3. ln(crlercnces

: 3.1

32

3.3

When the amount of water in the air is so great that condensation actually occurs in the tube,
organic vapors will not be trapped. Preliminary experiments indicate that high humidity

" severely decreases the breakthrough volume. o o .

When two or more solvents are known or suspected to be present in the air, such information
(including their suspected identities), should be transmitted with the sample, since with dif-
ferences in polarity, one may displace another from the charceal.

It must be emphasized that any compound which has the same retention time as the specific
compound under study at the operating conditions described in this mcthod is an inter{erence.
Hence, retention time data on a single column, or even on a number of columns, cannot be
considered as proof of chemical identity. For this reason it is important that a sample of
the bulk solvent(s) be submitted at ‘the same time so that identity(ies) can be established by
other means. .

.

127-1

* from VNIOSH Mapual of Analytical Methods, Second Edition, Volu;ne 1.
David G. Taylor, Maoual Coordinator. DHEW(NIOSH) Publication No. 77-157-A,

1977,
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If the possibility of interference exists, scparation conditions (column packing, temperatures,
¢e1¢.) must be changed to circumvent the problem.

- e
b saa

4. Precision and Aceuracy

4.1
.o 42

4.3

The mcan relative standard deviation of the analytical method is 8% (11.4).

The mean relative standard deviation of the analytical method plus field sampling using ap
approved personal sampling pump is 109 (11.4). Pant of the error associated with the
method s related to uncertzinties in the sample volume collected. If a more powerful vacuum
pump with associated gas-volume integrating equipment is used, sampling precision can ba
improved. . :

The accuracy of the overail sampling and analytical methed is 109 (NIOSH-unpublished
data) when the pérsonal sampling pump is calibrated with a charcoal tube in the linc.

5. Advantages and Disad;nnln.g% of the Method

5.1

5.3

-6, Apparatus

6.1

Tie sampling device is small, porlable, and iavolves no liquids. Interfcrences arc minimal,
acd most of those whici do eccur can be eliminated by altering chromatogranhic conditions.
The tubes are analyzed by means of a quick, instrumnental method. The method can also ke
used for the simultancous analysis of two or more solvenats suspected to be precent in the
same sample by simply changing gas chromatographic conditions from isothermal to a tem-
perature-programmed mode of operation.

Ore disadvantage of the method is that the amount of sample which can be taken is limited
by the number of milligrams that the tube will hold befcre overloading. When the sample
valuc obtained for the backup section of the charcoal tube exceeds 25% of that fouad on
the front section, the possibility of sample loss exists. During sample storage, the more
volatile compounds will migrate throughout the tube until equifibrium is reached (33% of
the— sample on the backup secticn). -

Furtheymore, tlie precision of the method is llmxtcd by lhc rcprodumbxl:ty of thc pressure
drop across the tubcs. This drop will afect the flow rate and cause the volume to be im-

. precise, becouse the pump is usually calibrated for. one whe only.

e . - - I I 1 PR T 5

- e . "~ Tl A

An approved and callbratcd personal sampling pump for personal samples. For an area

. sample, any vacutum pump whose flow can be dutermined dccumtcly at 1 liter per minute

62

or less.

Charcoal tubes: glass tube with both ends ﬂamc sealed. 7 cm long with a é-mm 0.D. and a
4-mm 1.D., containing 2 sections of 20/40 mesh activated charcoal separated by a2 2-mm
portion of urethane foam. The activated charcoal is prepared from coconut shells and is

. fired at 600°C prior to packiag. The absorbing scction contains 100 mg of charcoal, the

backup section 50 myg. A 3-mm portion of urethane foam is placed between the outlet end of

. the tube and the backup section. A plug of silylated glass wool is placed in front of the

63
6.4

absorbing section. The pressure drop across the tube must bc less thnn on¢ inch of mereury
at a ﬁow rate of 1 lpm. . . .

Gas chromatograph equipped with a flame ionization detector,

Column (20 ft X ¥ in) with 10% FFAP stationary phase on 80/100 mesh ECId-WﬂSth
DMCS Chromosorh W solid support. Other columns capablc of pcr[ormlng the rtquxrcd
separations may be used. . . v

127-2
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.. 6.5 A mechanical or electronic integrator or a recorder and some method for determining peak -~

area, C T S AL

6.6 M:croccnmfugc Lubcs, 2.5 ml, graduatud © " E ‘ "
5.7 Ham:lton syringes: 10 pl, and convenient sizes for rmkmr- standards ) ‘ ]
. 6.8 Pipets: 0.5-ral delivery pipcts or 1.0-ml type graduated in 0.1-ml increments. ~ SN

. 6.9 Volumetric flasks: 10 ml or convenient sizes for making standard solutioss.

- of o8 e

.« b -

7. Rcagents o . s
= 7.1 Spectecrpuality carbon dxsulﬁdc (Mathcson Colcman and ’.Gcl[)

7.2 Sample of the specific compound under study, preferably chromatoquality grade,

-+7.3 Bureau of Mines Grade A hehum LA S , R
7.4 Prcpurlﬁcd hydrogen, . 7 e e e T
e L AT The i e B
7.5 Filteréd compressed air. e ST PP .-
8. Procedure - 5 aet L “ -.'::

81 Cleaning of Ecuipment: All glassware used for the laboratory analysis should be detergent
washed and thorouc'hly rinsed with tap waler and dlStL“Cd water.

8.2 Calibration of Personal Puraps. Each pcrsonal pump must be cahbratcd wuh a representa-
o ... tive charcoal tube in the line. This will minimize errors. associated with uncertainties in
: . the sample velume collected,

i ' R S (RTINSt O e T A F L - - T
Collection and Shipping of Samplcs DY U TCRS CLu e

S . 7

P 83. 1 Immediately before sampling, the ends of the tube should be broLcn to prowde an
’ opening at !cast one-half the internal diameter of the tube (2 mm}.

7832 The small sechon of charcocal isusedas a back—up nnd should bc pOSIUOIlPd ncarest
..+ " the sampling pump. .

... . 833 The charcoal tube should be vertical durmg s:m!pimg to rcduce channeling throuah
R the charcoal. . . Ce e T

- 8.34 Air being sampled shou‘d not bc passcd tluou"h any hose or tubmg before cnucrmg
: . the charcoal tube. \ - R I N T T SR

“The flow, tinie, and/or volume must be ‘measured as aceurately as possible. Thc samn-
ple should be taken at a flow rate of 1 lpm or less Lo attain the total sample volume
i . o L required. The minimum and masimum sample volumes that should. be collected for
w3 T each solvent ave shown in Table 1. The minimum volume quoted must be collected if
:tgy. o8- .7 . the desired sensitivity is to be achieved. . P R R

18.3.6 The temperature and pressure of the almosphcrt bcmg sampled should be measured
“. .4 i - and recorded.

.. .. 83.7 The charcoal tubes should be cappcd w:th lhc supphed pk\.stlc caps 1mmedxatclv
) " after sampling. Under no circumstances should rubber caps be used.

: :'__..i;.:.8.3.8 One tube should be handled in the same rmanner ns the sample tube (break, seal, and

wrow. o, 1, Wraospord), except that no air is bamplcd lhrough this tube. This tube should be
- 4. .- - labcled as a blank.

w839 Capped tubes stiouid be packed ttghtly bcfore thcy are sh!ppcd to minimize tube break-
ape during shipping, . i

sl

127-3
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8.3.10 Samples of the suspected solvent(s) siould be submitted to the laboratory for quali-
tative characterization. These liquid bulk samples should not be transported in the
same container as the samples or blank tube. If possible, a bulk air sample (at least
50 1 air drawn through tubc) should be shipped for qualitative identification purpoeses.

8.4 Analysis of Samples . ) .

8.4.1 Preparation of Samples. ln preparation for analysis, each charcoal tube is scored
with & file in front of the first section of charcoal and broken open. The glass wool is
removed and discarded. The charcoal in the first (larger) section is transferred to a
small stoppered test tube. The scparating section of foam is removed and discarded;
the sccond section is transferred to another test lube These two scctions are analyzed
separately,

8.4.2 Dcsorption of Samples,” Prior to analysis, ‘one-half mI of carbon disulfide is pipetted
into cach test tube, (All work with carbon disuifide should be performed in a hood
because of its high toxicity.) Tests indicate that desorption is complete in 30 min-
utes if the sample is stirred ocrasnonally during this period.

© 843 GC Conditions. The L)mcal operating conditions for the gas chromatogaph are:
1. 85 cc/min, (70, ﬁslg) helium carrier gas flow,
2. 65 cc/min. (24 psig) hydrogen gas flow to detector,
3. 500 ce/min. (50 psig) air ﬂow to detecmr § '
4. 200°C injector temperature, to e
5. 200°C manifold terperature {detector). . -
6. Isothermal oven or zolunin temperature — refer to Table 1 for specific compounds

8.4.4 Injection. The first stepin the analysis is the injection of the sample into the gas
chromatograph. To eliminate difficultics arising from blowback or distillation within
ews b, thE syringe needle, oae should employ the solvent flush injection technique. The 10
1 syringe is fifst flushed with solvent several times to wet the barrel and plunger,
Three microliters of solvent are drawn into the syringe to increase the accuracy and
reproducibility of the injected sample volume.. The necdle s removed from the sol-
. vent, and the plunger is pulled back about 0.2 pi to scparate the solvent flush from
the sample with a pocket of air to be used as a marker. The neadlc is then immersed
.« inthe sample, and a 5-u1 aliquot is withdrawn, taking into conmsideration the volume
"+ of the necdle, since the sample in the needle will be completely injected. After the
needle is removed from the sample and prior io injection, the pianser is pulled back
* a short distance to minimize evaporation of the sample from the tip of the needle.
-Duplicate injections of each sample and standard shouid be made. Mo more Lhan a
3% diffecence in area is to be expected. - -

* +8.45 Measurement of area. The arca of the snmp[e peak is measured by an electronic
integrator or some other soitable form.of area measuremert, and preliminary rcsu]ts
are read from 2 standard curve prcp’xred as discussed bg,luw

. 8.5 Determination of Desarption Efficiency

8.5.1 Importance of determination, The desorption cfﬁcuncy of a particular compound can
vary from one laboratory to another and alss from one batch of charconl to another.
~ Thus, it is necessary to determine at least once the percentage af the specific compound
that is removed in the desorpion process for a given compound, prévided the same
batch of charconl is tsed. NIOSH has found that the desorption efficicacics for the
compounds in Table 1 are between 819% and 100% and vary with each batch of

charcoal. . it
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8.5.2

Procedure for determining desorption efficiency, Activated charcoal equivalent to
the amount in the first section of the sampling tube {100 mg) is measured into a.
S5-cm, 4-mm LD, glass tube, flame-sezled at one ‘end (sinnlar to commtercially avail-
able culture tubes). This charcoal must be {rom the same batch as that used in ob-
taining the samples and can be obtained from unused chiarcoal tubes. The open end
s capped with Parafilm. A known amount of the compound is injected dircctly

* into the activated charcoal with a microliter syringe, and the tube is capped with more

in "Section 84

C:dlbrat:on and St:mdards ‘ . ,:'-,.";"_'

Parafilm. The amount injected is usually equivalent to that present in a ]0-liter sam-
plc at a conceniration equal to the federal standard.

At least five tubes are prepared in this manncr and allowed to stand for at least cver-
night to assure complzte absorption of the specific compound onto the charcoal. These
five tubcs are refersed to as the samples. A parallel blank tube should be treated in
the same manner except that no sample is added to it. The sample and blank tubes
are desorbed and analyzed in cxactly the same manncr as the sampling tube described

el s Tm .- T EL UL ERPRIES TN e W DAY

Two or threc standards are prcp:u'cd by m]ectmg thc same volurr'e of compound into
0.5 ml of CS. with the same syringe used in thc preparauon of the samplc These

are analyzed with the samplcs

The desorption efficiency equals the dxﬁercncc between the average pcak area of the

samples and the peak area of thc bhni. dmdu.d by the average peak arca of the
standards, or . .

Syt

dcsorpilon ech:ency = Area samp]e - An.a blant-.
.. Artea standard

_ It is convenient tc CXpress concen!rauon of standards i rerms of mg/G 5 mI CS because samples

* are desorbed in this amdunt of CS.. To minimize error due fo the \olamuy of carbon disulfide,

: one can inject 20 times the weight into 10 ml of CS.. For example, to prepare a 0.3 mg/0.5 ml

standard, one would inject 6.0 mg into exactly 10 ml of CS; in a glass-stoppered flask. The

7! density of the specific compound is used to ‘convert 6.0 mg into microliters for easy measurement

10.

with a microliter syringe. A serics of standards, varying in concentration over the range of
-...interest, is

prepared and anpalyzed under the same GC conditions and during the same time period

" “as the unknown samples. Curw:s a_ré established by plotting concentration in mg/0.5 ml versus
' peak area. - o C ' ‘ :

. . - . - U - - PP -
N } LA L .".‘ ¥ S !;....

NOTE: Smcc no mtern'\l 5t andaxd is used in thc method, standard solutions must bc analyzcd

Calculztions

"_: "f at the same time that the sample analysis is done. This will minimize the effect of %nown day-
“».;- to-day varictions and variativas during the same day of the FID rcsrranss

.. v e T .". PR TN o,

161 The weight, in mg. corresponding to each peak area is read from the standard curve for the
: particular compound. No volume corrections are neceded, because the standard curve s
based on mg-0.5 ml CS.; and the volume of sample injected is identical to the volume of the

standards injected,

)

10.2 Corrections for the blank must be made for each sample.

Correct mg-# mg. = mg.

127-5

44



-+ wheier . - IR
“mg, = mg found in front section of sample tube
. Mg, = mg found in front scction of blank tube
A similar procedure is followed for the backup scctions.

10.3 'The’ ‘corrected amounts present in the front and backup sections of the samc sample tube
' are added to determine the total measured amount in the sample.

10.4 This »otal weight is Civided by the determined dcsorpnon cfﬁcscncy to obtain the corrected
mg per sample. :

10.5 The concentration of the ana!ytc in the air sampled can be expressed in mg per m3,

. mg/t" - Corrected mg (Section 10.4) x 1000 (liters/m?)
. . - Air volume sampled {liters)

10.6 Another method of erpressmg concentranon is ppm (corrcctcd to standard condmons of 25°C
Cr and 760 mm Hg). . co .
' (2445 760 (T +'273)
m = mg/m’ X pd .
ppm = me/m’ X 4w P 2
where: : R C e ' r

P = pressure (mm He) of air sampled
T = tempcrature (°C) of air sampled
24.45 = molar volume (liter/mole) at 25°C and 760 mm Hg
MW = molecular weight
760 = standard pressure (mm Hg)
298 = standard temperature (°K)

Tee T o . I I I T T R R R

11. References B RS '. R L LR
- 11.1 White, L. D, D. G. Tayior,P A Maucr and R E. }\upcl “A Convement Optmnzcd Method
BT for the Analysis of Sclected Solvent Vapors in the Induslriaf Atmosphcrc", Am Ind H)g
. Assoc J 31:225, 1970, ]

T2 Young, D. M. and A. D. Crowell, Phyelcal Adsorpnon of Gascs pp. 137-146, Buucmonhs
London, 1962.

ll 3" Federal Register, 37:202:22139-22142, Qctober [8, 1972.

. l! 4 N{OSH Contract HSM-99-72- 9‘% Scott Rcscarch Laboratorms Inc “Collabcrauve Testmg
of Acnvalcd Charcoal Samplmn Tubes for Seven Organig So!vcms", pp- 4-22, 4-27, 1973,

127-6

h&



r

. TABLE 1 . - :
Parameters Assomarcd With P&CAB Analytical Method No. 127
Method Detection limit Sample Voluine (liters) GC Column Molecular
Organic Solvent Classification  {rag/smnple)  Minitmumi(s) Maximam(®) “Femp.(*C) Weight
Actone ~ T "D T T U7 0f 117 60 58.1
Benzene TUTTAT T e 0.5 55 90 78.1
Carbon tetrachloride ‘A 020.. . 10 ° 60 - 60 . "154.0
Chloroform Lo A 0.10 0.5 W 130 80 . 119
Dichlorcmethane D - 0.05 0.5 38 85 84.9
p-Dioxane A, 005 1 18 - 100 88.1
Ethylene dichloride ;D L0051 12 % 99.0
Mcthyl ethyl ketone ‘B 0.01 i 0.5 13 80 '7_2:!_
Styrenc 7T TUDT U T 00 T s T T e “1s0 104
" Tetrachlorcethylene B 0.06 1 25 130 166
1,1,2-trichlorocthane B 005 10 97 150 133
1,1,1-trichloroethane B " 0.05 05 13 150 133
(methyl chloroform) . e R : L
Trichloroethylene CAC Tgos R 17 %0 - 131
Toluene , - B 001 0.5 22 120 -2
Xylene LA Ao.oz 05 .31 100 106

(a) Minimum volume, in liters, rcquuzd to measure 0.1 times the OSHA standard

(b) These are breakthrough voltmes calculated with data derived from a potential plot (11.2) l'or activated cocorut
charcoal. Concentrations of yapor in air at § times the OSHA standard (i1.3) or 5090 ppm, whichever is lower,

25°C, and 760 torr wers assumed. These values will be as much 2s 509

lower for atmospheres of high humidity,

The efiects of multiple contaminants have not been investigated, but l{ is suspected that jcss vo}atue compounds
may displace more volatile compounds (See 3.1 and 32)
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INDIVIDUAL PERSONAL SAMPLE RESULTS -- JULY 12, 1976

Table I11-1

Butadienc

48

Butadiene, Styrene
Occupational Title Operation Tube No. Time On Time Off Vol.,% Styrene,mg mg conc.,ppm  conc.,ppn
Reactor Operator 8¢CC 56 6:57 10:40 42,34 0.01 0.13% 0.05 1.29%
Reactor Operator 8CC 8 3:19 6:56 43,53 0.05 0.23% 0.28 2.39%
Reactor Operator 8D 58 6:50 10:44 54,86 0.04 0.41% .17 3.36%
Reactor Operator 8D 39 3:10 6:48 51,53 0.19 0.55% 0.86 4.82%
Tank Farm Operator  Pump Room 7 6:38 10:33 47.00 0.06 C.29% 0.3¢ 2.79%
Tank Farm Operator Pump Room 83 3:00 6:37 43.40 0.04 0.49% . 0.21 5.10%
Tank Farm Operator Outside 29 3:09 6:33 40.8 .02 0.24% 0.11 2.66%
Tank Farm Qperator Outside 35 6:35, 10:33 46,4 0.21 0.20%* 1.05 1.95%
Recovery Operator - 7D 70 3:50 7:12 42,94 0.07 0.08%* 0.39 0.84%
Recovery Operator 7D 93 7:14 10:29 39.90 0.06 <0.01 0.36 <0.10
Float Aid Operator 7D 81 3:52 7:08 43.49 0.10 0.07* 0.54 0.73%
Float Aid Operator 7D 64 7:10 10:28 39.30 - 0.03 0.06% 0.18 0.69%
Pipefitter Main 84 .3:16 6:41 42,11 0.02 < 0,01 0.11 <0.10
Pipelitter Main 53 6:43 10:27 45,75 Q.04 <0.01 0.20 <0.10
Pipefitter Main 80 3:20 6:28 40.20 <0.01 <0.01 <0.06 <0.11
Pipefitter Main 30 .6:29 10:27 49.35 <0.01 0.01 <0.05 <0.09
Instrument Repair Main 55 3:08 6:39 42.69 0.05 0.03% . 0.28 0.32%
Instrument Repair Main 22 6:40 10:27 45.68 ¥0,01 <0.01 <0.05 <0.10
Mechanic Main 5 3:10 6:29 43,45 0.03 0.0z 0.16 0.21
Mechanic. Main 37 6:31 10:27  51.32 0.03 <0.01 0.14 <0.09
Mechanic Main 88 3:12 6:31 43.40 0.02 .02 0.11 0.21



Table III-1 (continued)
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Butadiene, Styrene Butadiene

Occupational Title Operation Tube No, Time On  Time Off Vol.,y Styrene,mg mg, conc.,ppm  conc.,ppm
Mechanic Main 67 6:32 10:27° 50.80 <0.01 <0.01 <0.05 <0.09
Electrician Main 91 3:14 6:45 44.46 0.02 0,21%* c.10 2.14%
Utility Operator 6CC Blend a7 3:31 6:33 41.17 0.14 0.01 .80 0.11
Utility Operator 6CC Blend 40 6:35 9:59 44.78 0.29 0.02 1.52 0.21
‘Utility Operator  6CC Coag. 63 3:36 | 6:35  39.90 0.63 0.06% 3.71 0.35%
Utility Operator 6CC Coag. 86- 6:38 & 10:05 43.39 0.73 0,04 3.95 0.42%
Dryer Operator I & J Lines 52 3:62 1 6:43 35.25 0.39 0.02 2.60 0.26
Coag. Operator 6C Bldg. 41 4:00 1 6:50 33.82. 0.19 <0.01 1.32 <0.13
Coag. Operator éC Bldg. © 47 6:53 2 10:09 39.12 0.15 <0.01 0.90 <0.12
Operator Helper 6C Bldg. 23 4:07. } 6:56 % iS.O7 0.03 <0.01 - 0.20 <0.13
Operator Helper 6C Bldg. 75 6:59 L 10:12 ¢ 39.81 0.03 <0.01 0.17 <0.11
Recovery Operator 76 60 3:40 E 7:04 'Qﬁ.PS 0.06 0.02% 0.30 0.19%
Recovery Operator 7C 38 7:06 110:24 45.50 0.05 0.02% 0.25 0.20%
Recovery Operator 7¢C 78 3:39 7:01 43.31 0.06 0.04% 0.33 0.22%
Recovery Operator 7CC 2 7:04 10:23 hl.%& 0.07° 0.03% 0.39 0.32%
Cecag. Operator 6D ~45 4:16 ; 7:07 35.47 0.05: 0.01 0.34 |0.13
Coag.' Operator 6D 48 7:09 ‘310: 20 38.57 0.06"‘; . 0.02 0.37 0.23"
Blend ,Operator 6D 34 4:27 % 7:14 '29.§l 0.05?' <0.01 ' ;0.&? <0.15
Baler Operator 6D 73 4:20 %7:18 39.34 <0.01. 0.02% %0.0ﬁ 0.23*
Baler Operator 6D 27 7:22 %0:16 38.75 <0.0L 0.01»%: -%o.osg 0.12¢
Reactor Operator 8¢ 24 6:18 10:20 © 50.77 0.04} 0.364% : 3.03
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L{DIVIDUAL PERSONAL SAMPLE RESULTS —- JuLy 13, 1976 ‘
) i ! % Butadiene, 2Styrene Butadiene
Occupational Title Operation Tube%No. Time On  Time Off Vol.,2 SFyrene,mg me, Fonc-’PEm conc.,ppm
Mechanic Main 116 8:15 3:01 22.9 " 0.03 <0.01 © 031 - <0.19
Tank Farm Operator  Pump Room 15 7:28 10:37 37.8 .09 . .22 0.56 ‘2,63
Recovery 8D 76 7:50 10:53 . 36.6 0.06 0.36% 0.38 4.45%
Uperator
Tank Farm Operator  Pump Room 42 10:37 2:08 42.2 0.16 0.31% C.89 .3.30%
Reac. dead Oper. 8D Reactor 124 7:48 10:42 34.8 0.09 0.35% 0.61 4.55%
Iapk Farm Oper. Cutside 120 7:42 10:39 35.4_ 0.82 G.11#% 5.44 1.40%
Reactor Operator 8CC 71 11:09 | 2:27 45.54 0.05 0.10% 0.26 0.99%
© Blend Cperator . 6CC 100 10:34 2:13 43,10 0.37 <0.01 2.02 <0.10
Recovery Operator 6C 125 10:59 2:25 41.2 0.56 0.006%* 3.19 0 .65%
' Recovery Operator 7C "9 ©o11:02 0 2:27 41.0 0.19 0.02% 1.09 0 .22%
" Coag. Operator 6G 4¢ 10:50 2318 44.30 0.20 <0.01 1.06 <0.10
. Coag. Operator 6c¢C 79 10:38 2:16 43.51 - 0.62 <0.01 3.34 <0.10
Dryer Operator 6CC 102 10:45 2:15 44,33 0.56 <0,01 . 2.96 <0.10
" Mechanic Main 12 805 - 2:31 17.20 0.14 <0.01 1.90 <0.26
Dryer Operator 97 8:09 _ 3:14 18.08 0.02 <0,01 0.26 <0.25
Coag. Operator 6CC 141 7:38 10:37 35.47 0.59 0.02% 2.90 - 0.26%
Dryer Operator 6CC 109 7:43 10: 44 37.68 0.34 <0.01 " 2.12 0 <0.12
- Head/Blend Operator 6CC 101 7:34 10i33 34.21 .13 <0.01 0.89 <0.13
Operator Helper 6C 62 11:27 2:42 4137 0.02 <0.01 0.11 <0.11
Coag. Opearator 6n 43 11:50 Z2:31 31.30 - 0.05 <0.01 .38 <0.14
Tank Farm Operator Outside 121 10:34 © 2:07 42.6 0.06 0.12% 0.33 1.27%



Table III-1 (continued)

Butadiene, = Styrene Butadiene
Occupational Title Operation Tube No. Time On Time Off Vol.,y Styrene,mg mg conc.,ppm  conc.,ppm
Coag. Operator 6C 90 10:55 2:24 44,82 0.15 <0.01 0.79: <0,10-
Head Operator 6C Process 108 10: 58 2:18 43,91 0.09 <0.01 0.48 <0.10
E Line delper 6C Process 61 11:11 - 2:40 42.68 0.06 0.0L% 0.33 0.11%
Tank Farm Operator Outside 99+ 7:30 . .. 1n:26 .. 35:2__ 0.02 0,05 0,13 " 0.65
Reactor Operator 8CC 51 8:23 11:08 24.15 0.03 0.02% 0-.29 0.37%
Head Operator 6C Recovery 10 8:00 10: 57 35.4 0.89 " 0.04% 5.90 0.51%
Operator 7CC Recovery 85 8:06 10: 56 35.7 0.59 0.05% 3.88 0.63%
Coag. Operator - 6C _‘98“‘“" 8:00 10:47 36.21 0.24 <0.01 1.55 <0.12
Coag. Operator 6C 104 7:53 10:53 . 40,68 0.30 . <001 1.73 <0.11
Blend Operator 6D Process 96 8:18 11:42 42.55 0.14 <0.01 0.77 | <).11
Head Operator 6D Process 123 8:08 11:36  40.53 0.13 0.0L 0.75 i 0.11
Maintepance  Clean Blend Tank _ 114 7:57 . 3:07  25.62 _ 0.08. ... <0.0L . 0.73 . <0.18___
Head Operator 6C Process 3 7:55 10: 57 39.64 0.10 <0.01° | 0.59 ©<0.11
Coag. Operator 6D Process 65 8:13 11:47 47.79 0.9 {0;01 N ' 0.44 <0.10
Pipefitter Main 140 7:46 3:18 29.29 0.21 0.04% 1.68 0.624
Maint. Head Op.  7C Recovery 0 8:04 11:00  34.8 0.15 0.02 1.01 0.26
Pipefitter Main 113° 7:44 3:36 30.45 0.03 <0.01 0.23 <0.15
Reactor Operator 8D 122 10:45 2:19 42.8 0.06 0.30% 77 0033 3.17%
Tank Farm Operator Qutside 12 10:40 2:09 41.8 0.28 ) 0.05% 1.57 0.5&?
Pipefitter Routine 6D 133 7:48 3:01 23.34 0.02  <0.01 0.20° " <0.19
Maintenance Clean Blend 132 7:50 3:07° 21.66 0.14 <0.01 1.52 <0.20.

Tank .

Mechanic Main 129 8:02 - 2:55 24,28 4.25 1.68%

Q.44 0.09%
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INDIVIDUAL PERSONAL SAMPLE RESULTS -- JULY 14, 1976

Table I11-1 (continued)

Butadiene

52

j . Butadiene, Styrene

! Dccupational Title Operation Tube No. Time On Time Off Vol.,4% Styrene,mg mg conc.,ppm  conc.,ppm
Reactor Qperator 8C & 8cC 130 8:25 11:34 37.74 0.04 0.02% 0.25 0.24%
Recovery Operator 7C 0t 177 8:09 11:27 38.31 0.03 <0, 01 0.18 <0.12
Reactor QOperator 8C 152 8:14 11:30 . 41.68 .03 0.,04% 0.17 0.43%
."A” Operator 7C Recovery 151 8:03 11:24 35.15 0.07 <0.01 0.47 <0.13
Head Operator 7C Recovery 131 8:01 11:23 41.79 c.03 <0.01 0.17 <0.09
Maintenance Op. 7D Recovery 137 7:56 11:20 42.39 0.18 0.14%. 1.00 1.49%
Tank Farm Opevator 72 11:45 2:23 32.11 0.02 0.28% 0.15 3.94%
Head Operator Tank Farm 18 7:38, 11:08 47.25 0.05 0.06% 0.25 0.57%
Maint. Head Op. Tank Farm 115 7:35 11:43 50.76 0.05 0.06% 0.23 0.53%
“*A' Operator Tank Farm 183 11:08 2:25 43,49 0.28 0.14% 1.51 1.46%
Mead Operator Tank Farm 180" 11:10 2:21 40.96 0.05 0.18% 0.29 1.99%
Maintenance Op. 7D Recovery 185 11:21 2:35 41.06 .11 L0.10¥ 0.63 1.10%
Head Operator 7C Recovery 127 11:25 2:39 40,57 0.44 0.09% 2.54 1.00%
Mechznic Main 176 7:44 3:12 18.78 c.04 0.0Q3% 0 .50 0.72%
Pipefigter Main 25 7:46 3:04 23.41 0.07 0.07 0.70 1.35
Cleaner Blend Tank 199 7:50 3:10 21.78 0.07 <0.01 .76 <0.21
Cleaner Blend Tank 150 7:53 3:06 16.80 0.04 <0.01 0.56 <0.27
Laborer Cleaning a 144 7259 2:51 27.47 0.11 <0.01 0.9% <0.1l6"

Dryer

Pipefitter Main 157 " 8:03 3:01 - 20.11 .03 <0.01 0.35 <0.22
"A" Qperator 7D Recovery 155 11:17 2:36 43.15 0.13 <0.01 0.71 10,10
Pipefitter 184 7:41 - 3:16 24,60 Q.47 0.,04% 4.49 0,18%
Pipefitter 198 7:39 3:02 27.75 0.04 0.07% 0.34 0.16%



Table II1I-1 (continued)

: Butadienes Styrene Butadiene
Occupational Title Operation Tube No. Time On Time Off Vol., g Styrene,mg mg, cConc.,ppm conc.,ppm
Maint. Head Op. 7C Recovery 153 11:28 2:39 36.90 0.08 <0.0r. 0.51 <0.12
Head Operator 8C Recovery 128 11:31 2:45 42.09 0.05 0.03% 0.28 0.32%
Main ODperator 8C & 8CC 147 11:35 2:44 37.82 0.06 0.16% 0.37 1.91%

Reactor i

Head Operator 8CC Reactor 182 8:27 11:37 38.0 . <0.01 <0.01 <0.06 <0.12
Head Operator 8D Reactor 197 7:48 11:12 43.48 0.03 0.27* 0.16 2,81%
Head Operator 7D Recovery 187 7:52 11:12 43.56 C.11 0.10% 0.59 1.04%
"A" QOperator 7D Recovery 172 7:54 11:16 43.12 £0.12 0.05% 0.65 0.52%
"A" Operator 8D Reactor 181 7:48 11:11 40.46 0.04 0.28% 0.23 3.13%
"A" Operator 8D Reactor 16 11:14° 2:31 5.53 <0.01 < 0.01 <0.42 <0.82
Head Operator 8D Reactor 134 11:14 2:28 41.34 <0.01 0.47% <0.57 5.14%
Head Operator 7D Recovery 95 11:18 2:24 22.60 0.15 < 0.01 1.56 <0.20
“A" Operator Tank Farm 7:41 11:07 44,82 0.12 0.04% 0.63 0. 40"

146
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INDIVIDUAL PERSONAL SAMPLE 'RESULTS -- JULY 15, 1976

Table 11I-1 (continued)

Butadiene

54

0.02

: Butadiene, Scyrene
~ Occupational Title QOperation Tube No. Time On  Time Off Vol.,% Styrene,mg mz COonc.,ppm  £ONC.,ppm
Tinoer 6D " 171 8:16 3:08 23.27 0.03 <0.01 0.30 <U.19
Operator Helper 6C 196 11:17 T 2:364 14.10 0.03 <0.01 0.50 -<0,.32
. Baler/Dryer Operator 6D 1 11:13 2:43 44,43 <0.01 <0.01 <0.05 <0.10
Blend Operator 6C 304 11:21 2:31 38.0 0.33 <0.01 2.04 <0.12
Utility/Coag. Op. 66C 154 8:28 11:31 36.6 0.31 <0.01 1.99 <0.12
Lab Foreman Sample Lab 139 7:28 10:56 43,64 0.06 ‘0,24%. 0.32 2.48%
Compounder ‘ 178 7:30 10: 53 42.09 0.05 0.26% 0.28 2.79%
' Finish Prod. ,
Chem. Testing 173 7:35 11:08 40.65 0.05 0.01% 0.29 0.11%
Shift Tester ' Carbon Black 193 7:41 10: 58 40.59 0.03 0.09% 0.17 1.00%
Shift Tester Lab Tech. A 167 7:45 11:00 38.68 0.06 0.34% 0.36 3.97%
Tester Sample Lab 159 7:48 10:45 40.02 .09 0.12% 0.53 1.36%
Compounder ' 169 7:50 10: 50 29.95 0.02 0.20 0.16 3.02
Finish Prod. ~
, Chem. Testing 311 11:09 2:15 34.76 0.02 0.05 0.14 0.65
Shift Tester Carbon Black 309 10: 59 3:17  40.80 0.02 0.09% 0.12 1.00%
Shift Tester Lab Tech. A 117 11:04 3:19 38.85 0.04 0.47% 0.30 5.47%
Tester in .
Training 301 10:47 2:13 44,65 0.07 0.11% 0.37 1.11%
Compounder 156 10:52 3:18 15.34 %0.01 0.01 <0.15 0.30
Compounder 307 10: 55 3:18  41.84 0.03 0.12% 0.17 1. 30%
Lab Foreman 303 10:57 3:16 42,99 0.05 0.23% 0.27 2.42%
Dryer Operator 6CC Process - 161 8:24 11:35 38.2 0.55 3.38 0.24



Table I1I-1 (continued)

. . Butadiene, Styrene Butadiene
Occupational Title Operation Tube No. Time On Time Off Vol., % Styrene,mg mg conc.,ppm  <onc.,ppm
Head Operator 6CC Process 118 8:22 11:26 36.8 0.31 <0.01 1.98 <0.12
Head Operator 6C Process 191 8:15 11:22 37.4 0.23 <0.01 1.444 <0.12
Blender Operator 6C Process 166 - 8311 11:20 37.8 0.18 <0.01 1.12 <0.12
G-H Line Helper 6C Process 54 8:06 11:15 38.92 0.12 <0.01 0.72 <0.12
C & D Baler/Dryer 6D Process 160 7:43 11:10 44,10 0.01 <0.01 0.05 <0.10
Utility/Coag..Oper. 6CC Process 310 11:32 2:24 34.4 0.35 0.0l 2.39 <U.13
Head Operator 6CC Process 302 11:30 2:27 35.4 0.24 BLD 1.59 <0.23
Head Operator 6C Process 200 11:23 2:39 '39.2 0.23 BLD 1.38 <0.12
Pipefitter 7CC Latex 32 7:36 2:46 24,94 0.69 0.23% 6. 50. 4.17%

: Line
Pipefitter 7CC Condenser 186 7:39 2:54 21.03 0.31 Q.07% 3.46 1.504
Machinist C2B Blowdown 168 7:43 2: 56 26,70 0.06 0.02 0.53 0.39
Tank . ’ :
Pipefitter Upper Vac. 194 7:46 2:52 22.96 0.19 0.04* 1.94 0.79%
Condenser
Machinist G2B Blowdown 165 7:54 2:39 24.48 0.05 0.03 0.48 0.55
Pipefitter Clean Latex 175 7:52 2:47 26.61 0.61 Q.21% 5.38 . 3.57%
) Lines .
Laborer D6 & Cl6 163 7:56 2:42 22.26 0.04 <0.01 0,42! <0.20
Blend
Laborer D6 & Clé 192 8:00 2:41 20.10 0.09 <0.01 1.05 <0.22
’ Blend :
Laborer Dryer Cleaning 195 8:03 2:59 17.94 0.06 <0.01 0.78 <0.25
Mechanic Routine Main 105 8:05 2:57 .22.25 0.06 <0.01 0.63: <0.20
6C ’
Routine 6C 36 8:08 3:04 15.52 0.03 <0.01 0.45 <0.29

Pipefitter

* Butadiene present in B section of charcoal tube above one-third the level

of that found in A section.
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Table III-= 2

COMBINED SAMPLE TIME WEIGHTED AVERAGE CONCENTRATIONS OF STYRENE AND BUTADIENE

Styrene Butadiene
Occupational Title Opecration Date Tube Nos. TWA, ppm TWA, ppm
Reactor Operator 8CC 7/12 8;56 : 0.16 " 1.88%
Reactor Operator - 8D 7/12 58;39 0.50 4.08%
Tank Farm Qperator Control Room 7/12 7;83 0.26 v . 3.40%
Tank Farm Operator Control Room 7/12 29335 0.62 2.28%
Recovery Operator 7D 7/12 ' 70393 ‘ 0.38 0.45%
Float Aid Operator 7D 7/12 81;64 0.36. 0.71*
Pipefitter Main 7/12 84353 0.16 <0.10
Pipefitter Main /12 . 80;30 0.05 <0.10
Instrument Repair Main 7/12 55322 v.15 0.18%
Mechanic Main 7/12 537 . 0.15 ' 0.12
Mechanic " Main 7/12 88;67 0.06 0.12
Utility Operator 6CC Bend - _ 7/12 87;40 1.18 0.16
Utility Operator 6CC Coag . 7/12 63;86 . 3.84 - 0.3%
Coag. Operator . 6C Bldg. .72 41;47 1-13‘ <0.12
Operator Helper 6C Bldg. 7/12 23;75 0.19 <0.12
Recovery Operator 7C 7/12 60;38 - 0.28 0.19%*
Recovery Operator 7CC 7/12 7832 0.36 . Q.27
Coag. Operator 6D 7/12 45;48 0.36 0.18
Baler Operator 6D 7/12 73527 <0.06 0.18%
. Tank Farm Operator Pump Room 7/13 13542 0.71 2.95%
Reactor Operator 8c 7/13 ' 51371 0.27 0.71%
Head/Blend QOperator 6CC - 7/13 101;100 1.51 <0.11
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Occupational Title Operation
Recovery Operator/Head Oper. 6C
Recovery Operator/Maint. Head 76
Coag. Uperator Oper. 6C
Coag. Operator 6CC
Dryer Operator . é6cc
Coag. Operator 6D
Tank Farm Operatbr \ Qutside
Coag. Operator 6C
Head Operator 6C Process
Tank Farm Operator Qutside
Reactor Operaﬁor/Reactor Head 8D
Reactor Operator/gggg.Oper. 8C, 8CC
Recovery Operator/%aég?. lead iC
Rezctor QOperator/liead Oper. 8¢c
Head Operator 7C
Maintenance Operator ' 7D
Tank Farm Operator/Main. Tank Farm
Head Operator Head Oper. Tank Farm
AN bperator Tanle Farm
“'A" Operator 7D

_ Head Operator D
"A" Operator 8D
Operator Helper/G-H Line 6C

Helper

Table IIL = 2 (cowtinued)

Date

7/13
7/13
7/13
7/13
7/13°
7/13
7/13
7/13
7/13
7/13
7/13
7/14
7/14
7/14
/14
7/14
7/14
7/14
7/14
7/14
7/14 -
7/14
7/15
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Tube Nos.

10;125

039
98;44
79;141

1023109
65543
99;121
90;104

35108

125120
1245122
130; 147
177;153
152;128
1315127
137;185

725115

185180
183;146
155;172
187;95
181516
196;54

Styrene
TIWA, ppm
4.44
1.05
1.28
3.65
2.57
0.41
L 0.24
1.22
0.53
3.35
0.45
0.31
0.34
0.23
1.33
0.82
0.20
0.27
1.06
0.68
1.05
0.22
0.61

Butadiene
TWA, opm
0.59*%
0.24% -
<0.12
0.16*

" <0.11

<0.11
0.99%
<0.11
<0.11
0.94%
3.79%
1.08*
<0.12
0.38
0.52%
1.30%
1.86%
1.25%
0.92%
0.29%
0.61%
1.79%
<0.32



Table III&HZ (continued)

A ~ Styrene Butadiene
Occupational Title Operation Date Tube Nos. TWA, ppm . TWA, ppm
Baler/Dryer Operatbr 6D 7/15 1;160 ©0.16 <0.10
Blend Operator 6C 7/15 304;166 . 1.58 <0.12
Utility/Coag. Op. - 6CGC 7/15 1545310 2.19 - <0.12
Lab Foreman Sample Lab 7/15 139;303 .30 ) 2.45%
Compourder 7/15 178;307 0.22 . 1.95%
Finished Prod. Ghem. Testing 715 173;311 ©0.22° 0.36%
Shift Tester " Carbon Black 7/15 193;309 © o 0.14 . 1.00%
Shift Tester Lab A 7/15 . 167;117 . 0.33 4,82%
T05£817Tester in Training Sample Lab /15, 159;301 0.44 1.23%
Compounder o ' 7/15 169;156 0.10 1.40
Head Operator 6CC 7/15 - 118;302 - 1.79 <0.13
Head Operator . . 6C 7/15 191;200 . 1.41 <0.12

* In one or both charcoal tubes, butadizpe was present ip the B section above ope~third the level of that found
in the A section of the same tube. i
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Occupational Title

Head Recovery Operator

iead Recovery Operator

‘Recovery Operator
Recovery Operator
Head Reactor Operator
ead Reactor Operator

Trunsier Pump House
iiead - .

Traﬁsier Pump iouse ‘
tiead Coag Operator
Coag Operator
Coag Operator
Bailer Operator
Bailer Operator
Relief Operator
Operator Helper
Opegator Helper
Operator Helper
Foreman

{ead Operator
Lift Truck Driver

Bailer Operator

Table IITI = 3

INDIVIDUAL PERSONAL SAMPLE RESULTS
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) Styrene Butadiene A Butadiere I
Date Tube No. Time On Time Qff * Vol.,f conc., ppm conc., ppm conc., ppm
4/11 84 A&B 15:57 21:55 8.27  <0.28 1.09 BLD
411 77 AsB 15:57 21:55 9.76  <0.24 <0.46 -
4/11 107 A&B 15:54 21:56 8.60  <0.27 <0.53 -
4/11 66 ASB 15:54 21:58 8.75  <0.27 1.03 —-
47117 70 AB 15:44  21:50 9.06  <0.26 <0.50 —-
4/11 73 AsB 15:49 "21:53 9.74  0.48 69.61 BLD
4/11 104 ASB 16:55  22:22  7.77  <0.30 25.02 BLD
C4/11 108 asB 16:58 - 22:21 7.72 <0.30 <0.29 —-
4]1L 137 A&B 16:11 22:05. 8.85 0.26 <0.51 —
4/11 75 ASB 16:06 22:03 9.62 0.05 <0.47 _—
471177 71 A&B 16:07 22:01 7.50  <0.31 <0.30 _—
4/11 133 AsB 16145 22:09 8.27  <0.28 <0.55 -
4/117° 82 AsB 116134 22369 8.10  <0.29 <0.56 BLD
4/11 68 ASB 16132 22:07: 7.23  <0.32 <0.63 -
4/11 .61 A&B 16:27 22:11" 7.58 <0.31 <0.60 —
4/11° 64 ASB 16:21 22:08 8,58  <0.27 <0.53 -
411 63 AGB . 16:32 21:59 7251 <0.31 1.81 -—
4/11° 106 AsB | 16:17 22:15 7.76  <0.30°- . 1.16 —
4711 % "79 AsB 16:21 22:05 8.48 0.55 <0.53 -
4/11 67 AsB 16138 22:12 8.36  <0.28 0.54 -
4/11 62 A&B 16:16 21:59 7.77  <0.30 <0.58 BLD



Qczupational Title

Recovery Operator

Head Recovery Operator
" nead Reactor Operator
‘Mead Coag Operator N
Coag Operator

Coag Operator

Coag Operator

Laborer
Laborer

Laborer

Laborer

“Labbrer
Laborer

Laborer

Laborerhr

Laborer

Laborer

Laborer .

Laborer

-Laborer

INDIVIDUAL PERSONAL SAMPLE RESULTS

Table IILI = 3 (Cont.)
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) Styrene Butadiene A Butadiene B
Date Tube No. Time On Time Off * Vol.,% conc., ppm conc., .ppm conc., ppm
4/12 15 A&B 8:09 14:38 9.47 <0.25 <0.48 _—
4/12 25 A&B 8:06 14:57 9.12 0.52 33.21 BLD
4/12 86 A&B 7:59 14:39 10.80  <0.22 7.12 BLD
S 4/12 134 A&B 8:23 14:31 8.77 2.14 <0.52 ———
4/12 18 AsB  8:17 14:31 9.52  0.49 0.48 -
4/12 17 A&B 8:20 ©14:28 '8.98 0.52 0.50 -—
4/12 13 A&B 8:18 14:28 8.74 0.54 0.52 —_—
4/12  ~138 AsB 7:52 15:32 ° 11.82 7.55 1.15 BLD
4713 120 AsB . 8:06 15:36 11:44  1.03 <0.40 —
4/12 118 A&B 7:35 15:30 11:29 6.86 3.60 BLD
4/12 115 AsB 8:08 15:34 10.85 12333 0.83 _—
4/12 90 A&B 7:32 15:39 11.28 0.42 5.61 -—
4/12 88 A&B - 8:13 15:35 13.36 0.35 <0.34 -—
4/12 85 A&B 7:50 15:38 11.24 0.84 <0.40 —
4/12 81 A&B 7:43 15:37 12.67 7.41 <0.36 -—
4/12 54 ASB 7:58 15:14 10.55  <0.22 0.43 —
4/12 53 A&B 7:40 15:40 11.55 0.61 8.22 BLD
4712 49 AsB 8:05  15:36 11.43  <0.21 <0.40 —
4/12 30 AsB 8:12 15:17 9.29 9.86 0.49 ——
4/12 28 A&B 7:54 14:50 9.43 2.99 2.88 BLD



Occupational Title

Drier Operator

tiood Tank Farm
Gperator

-Tank Farm Operator
.Maintenance
Maintenance
Maiptenance
Maintenance -
Janitor
Laborer
Laborer
Laborer
Laborer
Mechanic
Mechanic

Mechanic -

- Mechanic

Mechanic
Mechanic
Mechanic

Mechanic

INDIVIDUAL PERSONAL SAMPLE RESULTS

Table III = 3 (Cont.)

15:26

bl

i Styrene Butadiene A Butadiene B
Date Tube Nc. Time On Time Off - Vol.,f conc., pom conc., ppm conc., ppm
4/12 74 A&B 8:25 14:3), 3.74  <0.63 <1.21 -—
4/12 29 A&B 9:03 14:50 8.84  <0.27 0.51 ——
4/12 27 AsB 9:05 14:52 8.56  <0.27 <0.53 ———
- 4/12. . 78 ASB 7:45 14:25 8.88  <0.26 <0.25 —
4/12 69 A&B 1 7:38 14324, 11.43 - <0.21 <0.20 —
4712 16 A&B 7:37 14:23- 1 9.75  <0.24 - <0.23 ———
4/12 14 A&B 7:42 . 14324 . 7.13 . <0.33, 0.63 -—
4/12 116 A&B 7:36 15:15 11.06 <0, 21 <0.41 —
4/13 114 AsB 11:49 14:50 4,76 . <0.49 <0.95 —
4/13 111 AsB ~7:51 114356 10.09  <0.23 <0.45 -
4/13 26 A&B - 7:48 14:52 10.23 <0,23 0.44 _—
4/13 10 A&B T 7:49 14:56 10.79  <0.23 0.84 -
4/13 147 A&B 7:31 14:54 10.91  <0.22 <0.41 —
4/13 60 AsB 7:45 14:55 . 10.09  <0.23 <0.45 _—
4/13 57 A&B 7:21 15:17 11.66  <0.20 <0.39 ——
4/13 56 A&B 7:40 15:03 9.77  <0.24 0.46 —
4/13 44 ASB  7:44 14:57 10.74 ~ <0.22 <0.42 —
4/13 42 A 7:32 14:57 11.69 <0.20" G.39 ——
4/13. 40 A&R 7:39 14:59 10.59 <0.22 0.43 —
4/13 39 A&B 7:29 11.61 0.81 44,38 BLD



Occupational Title

§ Mechanic
s Mecnanic
i Mechanic
é Mechanic =~
| Machinist =
. Welder

~ Pipefitter
Pipefitter’
Pipefitter
- Pipefitter
Pipefitter
Pipefiﬁteé‘ipw
Pipefitter
_ Pipefitter
Head Recovery. Operator
Recovery Opera.or -

Charge Operator

Head Reactor Operator

‘Instrument Man

Instrument Man
Instrument

Lab Analyst

INDIVIDUAL PERSONAL SAMPLE RESULTS

Table III = 3 (Cont.)
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' Styrene Butadiene A Butadiene B

Date Tube No. Time On Time Off - Vol.,% conc., ppm conc., ppm conc., ppm
4/13 - 12 AsB 7:38 14:58 13.79  <0.17 0.66 -
4/13 9 AsB 7:35 15:28 "8.07  <0.29 <0.56 -—
4/13 8 A&B 7:42 15:12 10.88 0.41 1.25 BLD
4/13° 7 AsB 7:37 15:07 13.25 <0.18 0.34 —-
4/13 "738 AsB - 7:40 15:22 9.76 <0.24 0.46 —
4/13° 110 A&B 7:564 - 15:06 10.57  <0.23 <0.42 —
4/13 37 Asb " 7:35 14158 10,06 <0.23 0.90% 0.90%
4/13 11 A& 7:31 15:16 ° - 10.86 © <0.22 0.42 -—
4/13° 45 ALB 7:22 14:58° 11.59  <0.20 1.17% 1.95%
4/13 ‘43 A&B 7:37 15:13 10.90 © <0.22 <0.21 -—
4/13 . 55 AsB 7125 15:14 11.08 0,20 1.52 -
4/13 - 59 AsB 7:33 15:25 12.70 <0.18. <0.36 —
"4/13 146 Asb - 7:32 15:16 5.20  <0.45 <0.87 —
4/13 148 A&B 7:28 15:15 11.10 . <0.21 <0.41 —
414 112 A&B - 9:21 14:58 6.88  1.02 9.86 BLD
4/14 123 A&B 9:18 15:02 5.83  0.80 2.33 BLD
4/14 2 AsB 9:13 15:06 8.25 <0.28 1.10 —
4/14 151 A&B 9:15 15:05 8,47 <0.28 <0.53 -
4/14 200 -A&B 7:26 115:02 11.57 0.4 1.56 BLD
4414 196 A&B 7:24 15:05 9.76  1.44 174.14% 101.89%
4/14 180 A&B 7:20 15:07 13.02 <0.18 <0.35 _—
4/14 145 ASB 8:08 14:54 9.70  0.24 <0.47 -—



Table III = 3 (Cont.)

INDIVIDUAL PERSONAL éAMPLE RESULTS

_ "Styrene Butadiene A Butadiene B
Occupational Title _Date Tube No. Time On Time Off * Vol., gonc., ppm conc., ppm conc., ppm
Lab Analyst 4l14 6 A&B 8:02 14:53 10.17  0.46 1.33 - BLD
Lab Avalyst ' 4/14 191 ASB T 8:04  14:56 8.77  0.54 <0.52 -
Lab Analyst . 4/14 - 122 AsB 7:55 14:52 9.74  0.96 0.46 _—
Lab Techoiciap T 414 172 AsB 8:22 14:53  9.02  2.86 84.69 - BLD
Lab Technician T 4/1& C155 AsB 7:56 . 14254 10.36  0.91 2.18  BLD
Lab Techpician 4/14 126 AsB 7:43 15:17 10.10  <0.23 - <0.45 ——
Lab Technician 4/14 124 AsB 7:47  15:16 10.97  <0.21 32.96 BLD
Lab Technician® = 4/14 113 A&B 8:11  ° 11:53 ° 5.26 ' <0.45 <0.86 —
Lab Tecnnician ' 4/16 5 A&B 7145 15:14 13.32  <0.18 0.34 -—
Lab Technician ’ 4114 "4 A&B T 7 8:00 14:51 11.27 7 0.62 0.80 -
Lab Techniciap i 4/14_ 1 A&B 8:24 14:52 13.14 2.14 144,55 BLD
lectrician 4/14 194 A&B 7:30 15:04 11.92  <0.20 <0.38 —
Electrician ' 4/14 125 ASB 7:38 15:01 1.12  <2.10 <4.04 —
Blectrician ‘  4/14 158 AsB 7:35 15:10 12.43  <0.19 <0.36 —
Electrician 4114 182 A&B 7:32 15:11 11.02 <0.21 <0.41 e
Electrician ' 4/16 182 AsB 7:33 15:11 11.45  <0.20 <0.39 —
Carpenter . 414 171 AsB 7:37 15:09 10.83  <0.22 <0.42 —
Carpenter o 4/16 164 A&B 7:24 15:08 11.05  <0.21 <0.41 —
Carpenter , 4/14 160 AsB 7:32 15:10 11.35 <0.21 <0.40 —
Carpenter 4416 153 A&B 7:36 15:08 10.93  <0.21 30.60 _—

BLD - Below Limit of Detection

-==(dash line) - Tube was not analyzed
* Butadiene in B tube above ope-third level found in A tube.

a~
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Table III = 4
ANALYSIS OF HIGH FLOW AREA SAMPLES (200 cc/min)

Extraneous Chemical Component

Area Sample No. Qther Than Styrene apnd Butadiene
Drier #7 102 4-Vinylecyclohex-l-ene (Butadiene Dimer) (5)%

.Ethyl Benzene (4)*
Methanes (20)*

Blend Tank #6 184 4~Vinylcyclohex—-l-ene (1Q)*
Ethyl Zenzene (10)¥ ,
“4-Isopropyl-1-Methylcyclohexane (Isomers of Methane)} (20)*%

Drier #5 97 . 4-Vinylcyclohex-l-ene (10)%
Ethyl Benzene (10)% .
Methanes (25)%

Coag Tank #6 Y " . similar to #97
Drier #6 = 93 Similar to #97
Control Lab ; 121 . Toluene (130)*
Brine House 193 Toluene (110)*
Reactor 8A 181 T Methanes (95)*
Tank Farm . 99 Nothing Unusual
51 Nothing, Pump‘Not Runmiog™™

* Estimates on the concentrations for the components has been made based on normalizing
the presence of styrene ta 100 counts in each sample. Therefore, estimated amounts can-
not be correlated from sample to sample. .
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Table .III - 5

TOTAL PARTICULATE SAMPLE RESULTS
OMYA BSH ,~ PLANT A

' . Flow - -Filter .
Filter _ Rate  ~ Loading, Vol., Dust Conc.
Job Title Operation Time On Time Off~ No. ~ &pm __  Date. mg Liters =  Mg/m3
Helper Operator 6D Process  9:21 2:41 1954 1.55  7-14-76 0.305 4960 0.62
Helper Process 9:28 2:45 1951 1.7 7-14-76  1.363 538.9 2.53
I Bale Duster Process 9:30 2:46 1881 1.65  7-14-76 0.587 521.4 . 1.13
C Baler Operator Process 9:22 . 2:39 1992 1.6 7-14-76 0.365 507.2 0.72

»
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Job Title

Operator

Maint. Mech.

Table 'III - 6

TOTAL PARTICULATZ SAMPLE RESULTS
CARBON BLACK - PLANT B

~ Flow
Filter = Rate
Operation Time On Time Off No. _ &pm _ _ Date
Carbon Black 9:45a 2:46p 2163 1.7 4-14-77
Carbon Black 9:47a 2:48p 2196 2.0 4-14-77
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Filter
Loading, Vol.,
mg Liters
.129 511.7
.304 602.0

. Dust Conc..
3

«252

+505





