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SHELL CHEMICAL STATEMENT
TO OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 

CONCERNING POSSIBLE HAZARDS OF VINYL CHLORIDE MANUFACTURE AND USF

fir. Chairman:

My name is. Richard J. Reynolds, Manager Vinyl Chloride, Shell 

Chemical Company*, is&k am accompanied here by Mr. Howard L. Kusnetz, Manager 

of Industrial Hygiene, Shell Oil Company and Dr. R. L. Maycock, Manager 
Environment and Safety, Shell Chemical Company. The Shell Oil Company and 

its division, the Shell Chemical Company, are pleased to ba able to 

participate in this fact-finding hearing on the possible hazards of \inyl 

chloride manufacture and use. We are especially appreciative that the 

U. S. Department of Labor called this hearing before publishing any proposed 

regulation.

Shell Chemical Company manufactures vinyl chloride monomer (VCM) 

at Deer Park, Texas (near Houston) and at Norco, Louisiana (near Orleans), 

lie entered the vinyl chloride industry only recently and produce only the 

monomer. Our remarks will be limited to this segment of the industry 'only.

Shell's facilities comprise large, contincusly operating process 

units closely integrated and retiring minimal manual attention or exposure to 

feud and product streams. Production in the unit at Deer Park, Texas was 

started in August 1971. Production in the Norco unit was started in 

October 1973. Design production capacity is about 1,200 tons VCM per day at 

Deer Park and about 1,000 tons VCM par day at Norco. At Deer Park about 

twenty persons are involved directly in the day-to-day operation of the VCM 

unit. Approximately twenty-five additional employees are involved less 

continually with VCM manufacture during the regular performance of their duties 

in maintenance, shipping and supervision. Thus, at Deer Park, about 45 

workers out of a total chemical plant staff of 1,300 are concerned with VCM 

manufacture on a regale’ basis. At Norco, a similar number of direct VCM 

workers are required but fewer shipping personnel so about 25 workers of a 

total chemical plant st^ff of atout 370 are involved on a regular basis with 
VCM manufacture.

The principal raw materials used in cur VCM production units are 

ethylene and chlorine. At both Now*,ter, and Norco the ethylene is received by
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pipeline. Chlorine at Houston is received by pipeline and at Norco by 

railroad tank car. Small quantities of dichloroethane are received at both 

locations hy barge to supplement these primary feeds. At Houston small 

supplemental quantities of hydrogen chloride feed are received via pipeline 

and tank truck.

The process technology employed at both Shell VCM units was 

licensed from Stauffer Chemical Company. In this process, about half of the 
ethylene and all of the chlorine fed are reacted to form the main intermediate 

which is 1,2-dichloroethane. After purification, the 1,2-dichloroethane is 

heated in a furnace to form product VCM and the main byproduct, hydrogen 

chloride. The product VCM is purified to greater than 99.9% purity by 

distillation and stored as a liquid under its own vapor pressure. 'Ihe 

byproduct hydrogen chloride is recovered by reaction with the remaining half 

of the ethylene feed and with air to additional 1,2-dichloroethane.

Minor byproducts of the process include: carbon oxides, chloroform, carbon

tetrachloride, ethyl chloride, the isomeric dichloroethylenes, the isomeric 

trichloroethylenes and trichloroethanss, tetrachloroethanes, and the isomeric 

chlorinated butanes.

The process is a continuous one. The reactants, intermediates, 
byproducts and product VCM are contained within the process equipment in 
a closed system except for a continuous stream of waste process nitrogen 

which is vented from a high stack after water scrubbing. Occasionally there 
may be minor vents such as from loading arm drainage or leaks. The process 
equipment is opened only for maintenance, and then only after washing 
followed by purging of feed, product, or byproducts contents. Maintenance 
operations are generally infrequent (maintenance shutdowns are scheduled only 
once or twice a year). The general precautions for containing and purging 

organic materials in large chemical process equipment are well, known to us 
as a result of our long history of manufacture and handling of flammable 
materials and chlorinated compounds.

Whan the process technology was licensed, a substantial compilation 
of toxicological information on VCM arid associated feed and byproduct compound; 
was received from the licensor. Also we had available considerable other 
toxicologic information dealing with compounds already handled by Shell Chemical
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such as chlorine, ethylene and ethyl chloride. This information is available 

to the public in toxicologic reference works; therefore, we will avoid 

requoting it here.

Initial review of the VCM process toxicology information available 

to us in 1969 and 1970 led us to conclude that additional studies of our 

own were not required. Thereafter, in a paper delivered at the 1970 
International Congress on Cancer by Viola etal, ^ it was reported that 

tumor development was observed in rats exposed repeatedly to high concentrations 

of VCM. The exposure levels in the Viola work (30,000 ppm) were grossly in 

excess of published standards. Nevertheless, the report raised a new concern 

as to what hitherto unknown effects might be expected with exposure to lower 

levels. Thus, we accepted an invitation by the Manufacturing Chemists 

Association to participate with others in the industry in sponsoring an 

exposure study to elucidate the possible effects of VCM at much lower levels 

and to participate in an epidemiology study. These programs were described 

in detail to you by the Manufacturing Chemists Association today. Shell 

Chemical has provided financial support and has participated actively in 

these programs from the outset.

From the time our Deer Park unit began VCM production in August of 

1971 until early 1973, periodic spot measurements were made of the ambient 

plant air in the operating unit using standard colormetric VCM detector tubes. 

All measurements were well below the OSHA 500 ppm ceiling level and the 200 ppm 

time weighted average Threshold Limit Value set by the ACGIH in June 1972.

From previous experience with other volatile and flammable materials, we were 

confident that the plant ambient air contained less than 200 ppm VCM but this 

could not be verified because the detector tubes are not sensitive to much 

lower values. It was apparent that a new analytical method would be required 

to measure low levels of VCM and also that improved sampling techniques would 

be required to compensate for the greater effect of variances introduced by 

weather conditions and sampling location at low levels. Therefore, a sensitive 

gas-chromatographic analytical technique for VCM ir air was developed and

O) P. L. Viola, A. Bigotti and A. Caputo, Cancer Research, Vol. 31 p 516 (1971)
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sampling was modified to meet the needs of the situation. A copy of the 

method is appended.

Based on a developing concern and with,the new analytical tools, our 

company elected to establish an internal of 50 ppm (eight hour

time weighted average) maximum exposure to VCM concentrations in air. This 
Jbw5L •standawed and the possible implications and incentives for minimizing

exposure indicated by the Viola work were discussed with our employees in 

July-August 1973. On August 15, 1973 we formally advised all of our customers 

of our new the reasons for it (copy appended). Along with the

new sensitive analytic technique we had our workers periodically wear an 

improved device for taking a continuous sample over eight hours of the air 

in worker's breathing zone. Results with the improved sampling and measurement 

technique showed no values in either VCM plant location exceeding the 50 ppm 

VCM eight hour time weighted average. Special tests were also made to 

ascertain the maximum VCM exposure a worker might receive under abnormal conditions 

at the job site. Under soma of these conditions, we found [ values of 

100 ppm - 2CQ ppm VCM but these concentrations persisted only for a short time. 

Based on these tests, additional pre<jf^§Jtions and directions were put into 

practice.

In 1973 we began a program of medical surveillance of VCM workers 

who would be regularly assigned to jobs involving potential or regular 

exposure to VCM. Twenty-five workers at Norco were given the examination described 

below, f-'arty-two examinations will have been given at Deer Park when the 
current examination cycle is complete.

The annual examination provides for:

(1) Medical history
(2) Physical examination by a physician
(3) Laboratory blood studies including RBC, hematocrit, 

hemoglobin, l.'BC, differential count, and platelet count
(4) SMA-12 blood, chemistry including serum bilirubin
(5) Routine urine examination
(6) 14X 17 P-A Chest X-ray

Based on existing knowledge, with the very low accumulated exposure of our 

workers to VCM we would not expect these examinations to provide any data beyond 

that establishing a baseline for subsequent medical history. In fact, to date.

BOR 011073



-5-

we have found no liver damage or cancer among the Shell participants.

Although we have not been onstream long enough to have meaningful epidemiological 

data of our own, Shell Chemical is a financial supporter of the Manufacturing 

Chemists Association epidemiology study contracted to Tabershaw Cooper 
Associates and described to you today.

In addition to the above actions, we continue efforts to locate 
and curtail emissions, should they be found, throughout our process units 
and associated loading areas.

With respect to item 6 in the notice of this hearing, Shell Chemical 

would favor the route of the regular rulemaking under Section 6(b) of the 

Occupational Safety and Health Act for a VCM standard, as opposed to an 

Emergency Temporary Standard. The rulemaking procedure would allow the 
orderly development of data.
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SHELL CHEMICAL COMPANY
A DIVISION OF SHUL OH COMPANY 

ONE SHELL PIAZA 

HOUSTON, TEXAS 77002

August 15, 1973

Gentlemen:

The necessity for limiting and controlling human exposure to high 
concentrations of vinyl chloride hes been long recognized by industry. A 
500 ppm ceiling value is specified by the Department of Labor, urder the 
Occupational Safety and Health Act, as the permitted employee exposure level to 
vinyi chloride. The most recent Manufacturing Chemists Association safety 
data sheet for vinyl chloride reports this value. A copy of this data sheet 
is enclosed for your infer, mation.

In June of 1972, the American Conference of Governmental Industrial 
Hygienists (ACGIH) adopted an eight hour time weighted average Threshold 
Limit Value (TLV) of 200 ppm (vol/vol) for vinyl chloride. Documentation 
covering the considerations leading to the adoption of this value may be 
obtained by request to the Chairmen, TLV Committee, American Conference of 
Governmental Industrial Hygienists, P. 0. Box 1937, Cincinnati, Ohio 45201.

While the ACGIH adopted a 200 ppm level for vinyl chloride, the 
TLV Documentation cites studies v/oich recommend levels from 50 ppm to 
500 ppm. As you may be aware, the manufacturing Chemists Association has 
contracted with independent consul tarts, on behalf of a group of vinyl chloride 
producers and consumers to conduct animjl exposure studies and a comprehensive 
epidemiology study of vinyl chlori'Ja workers. It is hoped that results from 
these studies will aid in clarifying what exposure limitation would be most 
appropriate. However, until these results are available and in view of the 
range in recommendations, we considered it prudent in our operations to 
establish a vinyl chloride TLV of 50 ppm; further, measurements indicate that 
this is a feasible level for us. We urge you to give consideration to the 
vinyl chloride exposure levels which may be appropriate for your operations.
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We would be pleased to make available our techniques for 
measuring low concentrations of vinyl chloride if you would consider 

helpful.

them

Very truly yours,
SHELL CHEMICAL COMPANY

R. 0. Reynolds 
Manager, Vinyl Chloride 
Business Center

Attachment: MCA Safety Data Sheet SD-56 (1972 Version)
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Sliell Method Series 854/73

DETERMINATION OF

VINYL CHLORIDE MONOMER IN AIR 
Gas Chromatographic-Flame Detector Method

SCOPE

1. This method is intended for the determination of traces of vinyl 
chloride monomer (VCM) in air in the range from 5 to 1000 ppm v/v,

METHOD SUMMARY

2. A one-ml sample of air is analyzed by gas chromatography on either 
of two columns, having quite different selectivity, using a flame ionization 
detector. If a significant concentration is observed the identification of VCM
is confirmed on another type of column. Results are calculated by comparison 
with a known standard.

A ole 1. CA UTIOiW VCM is toxic and flammable and should be handled 
in a hood away from sources of ignition. The liquid should be kept cool 
to avoid polymerization. No copper or copper alloy should be used in 
contact with VCM.

APPARATUS

3. (a) Chromatographs with flame detector, sensitive enough to detect 10 ppm 
of VCM in one ml of air with at least 10% scale deflection on the recorder, under 
the conditions of the method.

(b) Columns, five feet long by 1/8-in.ch O.D., 0.012" wall, stainless ^teei 
tubing, one packed with 80-100 mesh Durapak Carbo'.vax 400/Porasil C and the 
other with Durapak n-octane/Porasil C.1

(c) Accessories, one-ml gas-tight syringe, 50-microliter gas-tight syringe, 
100-ml glass sample cylinders, vacuum pump for evacuating these; or a bottle 
ca:i be used which can he flushed with the air to be analyzed and then sc-.am 
capped. If glass sample cylinders with stopcocks are used, the syringe neeole 
mu at teach through the stopcock into the storage chamber.

.Vote 2. A cnulometi ic rietectoi m ihe chloride mods would provide 
specific response for organic chlorides, eliminating the risk of mterlerence 
fi om non-chloi icle atmospheric contaminants. An electron capture detector 
would probably Jso be satisfactory hut has not been tested for this

l /waiijb’e from Waters Associates, Frammyhain, Mass.

Published in 1973 Shell Development Company 
Printed in U.S.A.
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854/73 Shell Method Series
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application. Since the non-specific flame detector is used in this method 
two different types of column are employed to reduce materially the 
probability of an erroneous finding of VCM.

REAGENT

4. VCM, Matheson Company2 or equivalent, A lecture bottle is convenient.

PROCEDURE

5. Set up the chromatograph as described in Table 1. Prepare a 100 pprn 
v/v VCM in air sample by adding 10 microliters of VCM vapor per 100 nil of 
air to a glass sampling vessel or to a serum capped bottle of known volume. 
The vapor can be obtained from the gas cap over the VCM liquid in the supply 
cylinder by venting the material at a moderate rate through a short length of 
tubing and sampling the exit end of the tubing with the 50 m croliter syringe.
Mix the blend by rotating the vessel in a random manner or by shaking with 
previously enclosed glass beads. Analyze one ml of this blend using either 
column and note the retention time and the peak height. Repetitive analyses 
should agree within about ± 5 ppm. Obtain samples of the air to be analyzed 
and analyze them in the same way. If VCM is found in significant concentrations 
repeat the calibration and analyses on the other column to confirm or refute
the identification of VCM.

Table 1. Conditions for Gss Chromatography

Helium Carner Gas: flowing 30-40 ml/minute.
Hydrogen: 30 ml/minutc, adjusted for optimum response. 
Air: 350 ml/minute.
Injector and detector temperatures: 50-150°C.
Column temperature: Isothermal in the range 20-25°C.

CALCULATION
6. Calculate the VCM content of the unknown air sample, using peak
heights corrected for the attenuation, as follows:

Pfnk height of unknownVCM, pprn v/v - 100 x
Peak height of staridatd

PRECISION

7. Lnriit°cl data i.itl cate that the piecision is about i 5 ppm at 100 ppm
and about ± 2 ppm at the 10 ppm level.

2 Matheson ( ontpaoy, La°ortc, Texas 77571
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MJAPTtO fROM USOLrOPM NO t.S»-Q0i-4-MAY 1969 HAZARD
RATINGSHELL OIL COMPANY 

SHELL CHEMICAL COMPANY 
SHELL DEVELOPMENT COMPANY 
SHELL PIPE LINE CORPORATION

MATERIAL SAFETY DATA SHEET

Information on ihr* form la furmthod tolftly for tna purpose of complunet with the Occupational Safety onO Health Act Of 1970 and »h*u not ba 
uc«o for any other purpota. Ut* or diMemtnation of all or any Part of this information for any other purpose may re*uit m a violation of law orcon 
itituta ground* for legei action.

SECTION 1
MANUFACTURER'S NAME

Shell Chemical Company
EMERGENCY TELEPHONE NO.

(713) 473-9461
ADDRESS (Number, Slrett, City. Stale, and ZIP Code) n n n .. t / c a ,, _P.0. Box 2463, Houston, Texas 77001
Chemical name anO synonyms

Vlnvl Chloride. ChloroethvlenaChloroethane
traqe name

Vinyl Chloride_Monomer^fVCM)
ChEm.cau Family

Vinyl Halide
FORMUL a

SECTION II HAZARDOUS INGREDIENTS*
LD50 LC s o

COMPOSITION SPECIES ORAL OFfiMAL CONCENTRATION HOURS
Vinyl Chloride 100

Vinyl chloride has anaesiJ etic properties at high concentrations 
(oO,000-120,000 ppm). Cardiac arrhythmias have been found in dogs at these 
levels. Liver changes have been reported in rabbits at 200 ppm, but not in 
rats, guinea pigs or dogs. Studies on exposed workers over a 17 year period 
at a mean air concentration of 160 ppm failed to reveal any overt condition 
attrj outable to VCM. One Italian report in 1970 indicated tumor development 
in zats at 30,000 ppm.

i~ —------------------------------------------------------------------ -------------------------- 1_______________ |________________L
I" '' ' ---I— I. I. . — I- ------ -- Ill .— .Ml - .. Ill I—...— - II .,

SECTION III PHYSICAL. DATA
Bl’ . L IN . FCI '1 T ■■ Pi

7
| SPEC; FID GRAVITY iMnO — ll

20° C. 0.(t1
vapo,; PT,FbSurts;

Q 68° F. 2580
1 p E SC‘- 'J T V T’1. 6 Tl t E
| r.Y VO L i. r. , ' 1 .100

VAPOR TtiSSlTY , A 1 R = 1)

2.15
j F / A PC - T : I'd W A T =T

SOlu r<1 l i T v in yvateR

S1 i g h L' i 1
AliPi: A M A N ^ E. ANO ODOR

Colorless , sweet s:.:e i .-ing £35

hPfClAi t ,

SECTION IV
U - N 1 (ihod list’d)

-108° F., T

':CUC0'A CO,, dry chemic
t i > ; f- t i, M 1 1 N 'j 11 ft 0 0 L i'’"HSi Do no.

SECTION IV FIRE AND EXPLOSION HAZARD DATA
n AWI'l'M L'M-TS L«l

. t _ord.i!1J.ry__tcmpy ra ttirc 3 ■ 6
Un

33.0

except- a spray or tog.

' i C't > '> D £ AOl v
Went Lli cont a * n^d bro j Eh * ir.*; nnunm itis .

oy rf)pl| Company

',li ''.l_rd2.'L''ila fJ-’r" mi) 1 e Liquid and gas.__M-. t_oxiaJ._ !
is miiinr preiisiur*. j
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SEC JN V HEALTH HAZARD DATA
threshold limit value OSHA - 500 ppm (celling); ACGIH - 200 ppm (TWA); Shell - 50 ppm (TWA)
EFFECTS OF OVCRtxPOSURE

See over. Also prolonged contact with skin results In freezing.

emergence and first mo procedures , , _ , - ,______________Remove victim to area free of vinyl chloride vapors. Give

artificial respiration if necessary. Remove contaminated clothing to prevent freezing.

Remove from eyes with large amounts of water.

SECTION VI REACTIVITY DATA
ST ABILITY

UNSTABLE X
CqnDiT: ON $ 70 AVO'D

Avoid sunlinht and/nr heat- and exclude all oxveen
STABLE

JN COMP A T i R i L t T {Mattriols to O void)
air, oxygen

haZaRDO^1** ntCGMRQS T ON PRQnuCT 2

H Cl, CO and phosgene on combustion

HAZARDOUS
POLYMERIZATION

MAT OCCUR

WILL ROT OCCUR

conditions TO avOi0
air, sunlight and/or heat

SECTION VII SPILL OR L EAK PROCEDURES
5TErS ■ 0 B E **• is IN CASE M*TEfii*i iSRE.LEAStOO*SPlLltD

Remove all sources of ignition. Remove all

personnel not wearing protection eciuinment shewn in Sect. VIII. Use forced

ventilation from explosion-proof equipment Allow to evaporate.
v. AS l E . 5s\7.‘ M •.« E TnoD . , ,

Do not perm t material to enter sewers. Use controlled evaporation.

Guard against fire and explosion hazards.

SECTION VIII SPECIAL PROTECTION INFORMATION
- - OR ' ^T J ' T oMSu.cfr ,r>') pack or organic canister mask as required.
i. a n’l loca, exhaust recommended SPECIAL

M £ w11A N 1 C A t. ( ” » n ^ rgi /}

Highly recommended - use explosion-oroof t
other

nuinment____
Rubber ft E P«0T LCTSOr-

Chemical goggles and/or face shields
,tul i 1 1 - i CQ',1 'I’MEN T

To prevent all contact with body as required.

SECTION IX SPECIAL PRECAUTIONS

^OSTORII-c Prevent any .leakage. Provide sufficient ventjjation 

Prcv,-v-r high concentrations. Keep away from all sources of ignition. Handle as 

iiL *" material which is stored under pressure.

-'■.■I a, Supervisor
iloguj-u Loi-y Affairs ~ Clieuij cal Products 
SheiJ i'll . ’ r,i I Compau’F

“A • £ a,).XP.t.
o a r f. J u J v ] lJ 7 3

LCL KAC> .. t n I, O f ,
> ( *

* 0 f •
O f>

N'A'Nfr HfRttN i S *110 ON CAT A C C *i ■ A r r r t, * £
,) C.*.»Nk>, Y f 0>* IMCUL'J
,*.c a i‘ .hi the Hisut rs to ttopfAiNto r a. the

ni M'os r.i b>li Tv for injury to vlnCCI oh T«nr> v (**-.■.c'i av thl ir hcas^naa; t ctv
*P‘,rnEO To •*!> ' ' :'ui.*uc in thl d**a s, .. i-▼» *?:<U*IC5 hj HC t ’ 5 I L I T Y fOH To

\'MM*rr'-r cAur.io a* a^nhuai unc of

n n A Uliffi \
t m; » r. 5 AFC ” T 
' Os Al LY , \- • PI 1 S,J\ 5 «*

ihn f i(f * b ,'•.*[ 1.1 p«oli oms *»t • ullq'AE*
, VFsnrE uso-i.i ThC RISK IN MI5 |». *i f OF TMF ‘'ATIHUI

'nC t E 
r vi *

I T >4t A'
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