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ABSTRACT 

A walk-through industrial hygiene sutvey was conducted at the Mobil Chemical 
Company in Beaumont, Texas, on Hay 11, 1984. The purpose of the sutvey was 
to obtain information on the 1,3-butadiene monomer manufacturing process and 
the potential for occupational exposure to this chemical. 

The plant, constructed in 1960, produces 1,3-butadiene by the ethylene 
coproduct process. The company has conducted personal monitoring using 
cha:reoal tubes on 5 different job categories. The mean of their 8-hour 
time-weighted (TWA) average exposures to 1,3-butadiene was 3.5 ppm. 
Ekposures ranged from 0.20 - 17.60 ppm for all job categories. 

The company maintains accurate personnel records on all current and past 
employees. 
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INTRODUCTION 

Inhalation exposure of rats and mice to 1,3-butadiene induced a careinogenic 
response at multiple sites. Marmnary fibroadenomas/carcinomas, uterine 
sareomas, Leydig cell adenomas of the testes, thyroid follicular cell 
adenomas, exocrine tumors of the pancreas, and Zymbal gland carcinomas ,,-ere 
identified in rats exposed at concentrations of 1,000 or 8,000 ppm of 
1,3-butadiene. Mice exposed to 625 or 1,250 ppm of 1,3-buta¢\.iene developed 
a high inc idenc e of malignant lymphomas; an inc reased inc idenc e of othe r 
tumors, including hemangiosarcoma; and testicular and ovarian atrophy.l,2 

The offspring of pregnant rats exposed to 1,3-butadiene at 8,000 ppm had 
major defects. In addition, fetal toxicity was obsetved wnen pregnant darr:s 
were exposed at 200 ppm, 1,000 ppm, and 8,000 ppm. 3 

Fpidemiological studies of workers employed in facilities producing 
styrene-butadiene rubber have indicated an inc reased, but not stat ist ically 
significant, risk of mortality from neoplasms of the lymphatic and 
hematopoietic tissues and from leukemia. 4 ,5 

Based on these data, the National Institute for Occupational Safety and 
Health (NIOSH) recommends that 1,3-butadiene be regarded as a potential 
occupational care inogen and teratogen and as a possible rep roduct ive 
hazard. 6 

Due to the number of workers potentially exposed to 1,3-butadiene and the 
resulting potential health risk, NIOSH researehers are conducting an 
extent-of-exposure study of workers potentially exposed to the 1,3-butadiene 
monon:er. 

EXPOSURE EVALUATION CRITERIA 

The current legally allowable air concentration enforeed by the Occupational 
Safety and Health Administration for 1,3-butadiene is 1000 ppm for an 8-hour 
TWA. The American Conference of Governmental Industrial Hygienists (ACGIH), 
has included 1,3-butadiene in their Notice of Intended Changes for the 
1984-85 Threshold Limit Values, based upon reported animal careinogenicity 
data. The Intended Change identified 1,3-butadiene as an A2 industrial 
substance suspected of care inogenic potential for man. A numerical TLV of 
10 ppm was proposed in connection with the notice. 7 This change will be 
considered for formal adoption in 1985. 

NIOSH in their Current Intelligence Bullet in recommends that l,3-butadiene 
be regarded as a potent ial occupat ional care inogen and teratogen and as a 
possible reproductive hazard. 6 

HISTORY AND D FSCRIPTION OF THE PLANT 

The Hobil Chemical Company's Olefins/Aromatics Plant was constructed in 1960 
on 43 ac res. The 1,3-butadiene complex covers approximately 1 ac reo 
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1,3-butadiene has always been produced at this fac ility by the ethylene 
coproduct process using furfural as the extraction solvent. For a nuniber of 
years the company purchased the ethylene coproduct C4 feedstock from other 
ethylene plants. 

The major chem:icals manufactured are benzene, butylenes, ethylene, 
propylene, toluene, and 1,3-butadiene. In addition, polyethylene resins are 
also produced. The ethylene plant supplies approximately lQOO barrels/day 
of C4 feedstock to the butadiene plant. Annual production of 
1,3-butadiene is a function of the feed rate from the ethylene plant. 
Presently, production averages about 40 million pounds per year. 

PROCESS DESCRIPTION 

Figure 1 is a flow diagram of the 1,3-butadiene production process. The 
crude C4 (butadiene concentrate) feed to the process COIreS from the 
on-site ethylene plant. For a number of years, however, the company 
purehased the C4 feedstock. The feedstock conta ins 60 to 65 percent 
1,3-butadiene and is stored in one of two feedstock spheres. The C4 
feedstock is fed to the primary absorber where furfural is used as the 
extraction solvent to separate the 1,3-butadiene stream from the mixed 
butenes stream. A secondary absorber continues this extraction process, 
with the furfural/ 1,3-butadiene stream fed to a stripper for separation of 
the 1,3-butadiene from the furfural. The furfural is cleaned to remove 
undesirable polYIrers that are fonned, and then recycled to the primary 
absorber. 

The 1,3-butadiene stream removed from the stripper is fed. to primary and 
secondary fractionators to produce a butadiene bottoms byproduct and a 99+ 
percent 1,3-butadiene product. The product is treated in a carbonyl 
sc rubber prior to storage in one of two 1,3-butadiene product spheres. Most 
of the 1,3-butadiene is transferred by pipeline to a large consumer in the 
Beaumont area. Small quantities are shipped to other consumers by rail car. 

Histor:ically, quality control samples were taken by hand using bombs wnich 
were vented to the atmosphere. At present twu closed loop systems are on 
line which vent to the flare. The entire system will be in closed loop at 
the end of 1985. 

DESCRIPTION OF THE WORKFORCE 

As of May 1984, there were a total of 350 Hobil employees and 100 to 150 
contract employees at the Beaumont Olefins/Aromat:ics Plant. In the 
1,3-butadiene production and storage area, there are apprOXimately 15 
employees. The production employees work a rotat ing 12-hour day, 42-hour 
week. The storage area is operated on one 8-hour shift per day. 

The maintenance of the 1,3-butadiene area is handled by 6 personnel: 2 
millwrights, 2 pipefitters, a boiler maker, and an instrument man. 
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The 1,3-butadiene production unit is located within the ethylene fac ility. 
It is difficult to differentiate and assign all employees to either of the 
two units because many of the workers have overlapping responsbility for 
both the ethylene unit and the 1,3-butadiene unit. Ho~ver, the process 
operators are specifically assigned to the 1,3-butadiene unit. 

The w-urkforee in the product ion and storage area is variable but broken down 
into the following job descriptions: 

JOB TITLE 

Process Operator/Supervisor 
Maintenance 
Pumper 
Met e rman 
Fngineer 

STORAG E AREA 

1 

1 
1 
1 

PROCESS AREA. 

2 
(1 to 4) 

o 
1 
1 

DESCRIPTION OF PAST POT ENTIAL WORKER EXPOSURES 

During the 24 years of 1,3-butadiene production at the Beaumont Facility, 
the ethylene coproduct process using furfural as the extraction solvent has 
been employed. 

The final products produced at the plant are: benzene, 1,3-butad iene, 
butylenes, ethylene, propylene, and toluene. 

Mobil has collected industrial hygiene data on 1,3-butadiene, benzene, 
toluene, and xylene. Table 1 presents the Mobil monitoring data for 
1,3-butadiene exposures. The mean 8-hour TWA over all job titles was 
calculated to be 3.5 ppm, with the highest exposed individual being the 
butadiene process operator (reported exposure range: 10.1 to 17.6 ppm). 

The final product is transferred by underground pipeline to a laIge consumer 
of 1,3-butadiene in the Beaumont area. On a very limited bas is, 
1,3-butadiene is shipped in rail cars. Transfer by pipeline reduces the 
potential for worker exposure wnen compared to the other methods of 
transportation, i.e. rail, truck, or barge. The employees mo transfer/ship 
chemicals spend approximately 20% of their time transferring 1,3-butadiene. 
The remaining time is spent shipping other final products. 

Because of the location of the 1,3-butadiene unit within the ethylene 
facility, there is a potential for multiple exposures to a variety of 
chemicals manufactured at the complex. Of particular importance is the 
employees' potential for exposure to benzene from the ethylene unit. 

Historically, quality cont rol samples for the 1,3-butadiene unit were 
obtained by the process operator using a manual open loop sampling system. 
The sample bomb was screwed into a fitting in the 1,3-butadiene line, 
filled, then pUIged to the atmosphere and refilled. However, While the 
operator was removing the bomb, small amounts of 1,3-butadiene were released 
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to the atmosphere. This procedure w-as performed to release pressure in the 
bomb before sending it to the laboratory. After gas chromatographic 
analysis in the laboratory, the partially empty bomb was sent back to the 
production operator ~o then manually vented the bomb directly to the 
atmosphere by opening the bomb at arms length upwind. The aforementioned 
sampling related procedures thus appear to be sources of (potentially) 
significant exposures to 1,3-butadiene. 

Mobil supplied NIOSH investigators with engineering diagrams (see Figure 2 
for composite) for a closed-loop sampling train that limits potential 
exposure to 1,3-butadiene when obtaining quality control samples. This type 
of sampling t rain has recently been installed in the ethylene unit. 
Closed-loop sampling system are being considered for the 1,3-butadiene unit. 

The process operator is responsible for decontamination of the pumps and 
process equipment, ~ile maintenance personnel perform the actual repair 
operations. Mobil has a defined procedure for equipment decontamination and 
maintenance. The defective unit is blocked off and the process material 
contained in the unit is vented to a flare (if it is 1,3-butadiene) or to a 
sump (if it is a solvent). Nitrogen purge and steam cleaning are performed 
on the maj or vessels only; there is no purge or steam c leaning of pumps or 
small lines. The pumps and small lines are washed with wate r. After 
purging/cleaning the necessary maintenance is performed on the equipment. 
At the completion of work the equipment is again purged with nitrogen before 
be ing rec ommis s ioned. 

11edical Program 

DESCRIPTION OF THE MEDICAL, SAFE{ AND 
INDUSTRIAL HYGI ENE PROGRAMS 

The company conducts pre-employment physicals on all its employees. 
Periodic physicals are voluntary and age dependent. Physicals are offered 
every 3 years for employees less than 50 years old and every 2 years for 
those over 50. A surveillance program, which is not age dependent, is also 
being conducted which requires certain job categories to partic.ipate in an 
annual physical examination. 

Mobil Chemical Company has 2 full-t ime phys ic ians available at the adj acent 
refinery who are responsible for the plant's medic.al program.In addition, 
the company employs 4 licensed nurses, one part-time audiometric technician, 
and one part-time x-ray technic. ian. The support staff are allan the first 
sh ift. The remaining shifts have employees t rained in emergency first aid. 

Safety Program 

The company has an organized safety program. There is a full-time safety 
manager for the entire complex. A central safety committee meets monthly to 
discuss safety problems and to review t raining and operat ing procedures. 
Each department has a follow-up safety meeting to discuss safety work 
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HI-PRESSURE SIDE 
OF PROCESS ST~~ 

1/4" STAIh'I.ESS 
TUEING~ 

FLEXIllLE HOSE 

--- c 

.', 

C 
SA.."'lI'LING PROCEDURE - BOMB -----------

c 

__ ----~ TO FLA..1U: OR VENT LINE 

SAHFLE BOMB 

PURGE TO FLARE 

SA..'fPLE BOMB IN BYFASS 
PROCESS STREAM 

/ 

." 

PSIG CHECK VALVE 

D 

D 

I 

l/Q'STAINLESS TUBING 

LOW PRESSURE SIDE 
OF PROCESS 

Step 1 is the static "setup"., Valves ASE open to the flare line with the check valve 
keeping the air out. Depressure bomb by opening valves C&D then purge to flare line 
by turning valve A to process (Step 2). Next turn valve B to process (Step 3). 

To Sample: Close valve D then C. Return valves A&E to flare. "Crack" valve D to 
release hydraulic pressure on bomb, then close immediately. Secure hoses in notches 
provided for thee pointing away from operator. 

Figure 2. Closed-lobP sampling train. 
(Supplied by Mobil Chemical Corp.) 



practices and to implement programs developed by the central safety 
committee. 

Under normal operating conditions the personal protective equipment required 
by the company are safety glasses and hard hats. Respirators and other 
protective clothing are required for specific jobs such as the maintenance 
personnel and rail tank car loaders if a potential for exposures is 
suspected. Respirators are available to all employees throughout the 
plant. Sho'Wers and clothing change areas are available but reported not to 
be in frequent use. All workers provide their own work clothes wnich are 
cOlllllIDnly worn home. Sm::>king is not permitted in the production area: because 
of the explosion hazard of 1,3-butadiene. 

Industrial Hygiene Program 

The plant does not have an industrial hygienist on location. Hot.1ever, an 
industrial hygiene technic ian is available on-site to implement industrial 
hygiene programs and sampling strategies developed by the Corporate 
industrial hygiene department. At the Corporate level, the job description 
and chemical exposure profile for production workers are maintained in a 
computerized data file. 

Industrial hygiene sampling is routinely done for benzene, toluene, xylene 
and, most recently, 1,3-butadiene. Noise surveys also are conducted at the 
plant. 

DESCRIPTION OF PERSONNEL RECORD SYST Hi 

Mobil maintains personnel records on terminated as 'Well as current 
employees. The records contain a work history of each employee. The plant 
is not unionized; there are, therefore, no union membership records. 

CONCLUSIONS 

Mobil Chemical Company manufactures 1,3-butadiene at the Beaumont site using 
the ethylene co-product process, with furfural as the solvent for extractive 
distillation. The production occurs in a closed system, tightly maintained 
for both economic and fire hazard reasons. 

The company has conducted industrial hygiene sampling for 1,3-butadiene in 
1983. The mean of the 8-hour TWA exposures to 1,3-butadiene for all job 
categories is 3.5 ppm. EXposures ranged from 0.20 - 17.60 ppm for all job 
categories. 

Mobil historically employed a manual sampling system for obtaining quality 
control samples for the 1,3-butadiene unit. The sampling procedure involves 
purging and venting of sample bombs containing 1,3-butadiene directly to the 
atmosphere tt.hich posed a significant exposure to 1,3-butadiene during the 
sampling procedure. HO'Wever, with the design of the closed looped the 
potential for exposure has been significantly reduced. 
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In an ongoing attempt to eliminate quality control sampling as a sou:ree of 
exposure, closed-loop sampling trains have been installed in the ethylene 
unit. 

RECOHMENDATIONS 

At the present, Hobil is switching over to a closed loop sampling system. 
The design of the system should significally reduce the potential for 
exposure to 1,3-butadiene. Ho~ver, to determine the effectiveness of the 
system, Hobil should continue to monitor worker exposure to 1,3-butadiene. 
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