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The contents of thlS report are reproduced hereln as rece1ved frcm the
contractor.

The’opinions; findings and conclusions expressed herein are not
necessarily those of the National Institute for Occupational Safety and
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. endorsement by the Natlonal Institute for chupatlonal Safety and Health
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ABSTRACT

4n industrial hygiene study was conducted at the Texas Division, Dow
Chemical U.S.A., Freeport, Texas, July 12-15, 1976. This study was
preceeded by a-walk-throush survey in November, 1975. This report
.presents findings-of the industrial hygiene study and selected
~information from the walk-through survey such as descriptions of the
-occupational medical and industrial hygiene programs, and the
availability of personnel records

'The industrial hyziene study was limited - to the synthesis of
epichlorohydrin and the production of epoxy resins. Atmospheric,samples
were taken and anzlyzed to assess. the exposures to epichlorohydrin and
associated airborne substances. Additionally, cbservziions were made of
-eontrol «measures and work practices.. Job titles and deseripticons are
included for workers hnaving a potentlal exposure to epwchlorohyﬂrln

Primary control metnods eﬂoloyed in the syntheslis of eplchlcrohydrln and
the production of epoxy resins were isolation, epclosure and remote
control combined with good work prabtlces and eneronmenua7 and
biclogical monitoring.

" Results of the study showed that the TWA exposure to epichlorohydrin for
-all workers in the synthesis process ranged from non-detectable toc 0.38
ppm and exposure to allyl chloride rangsd from non-detectabdle to 0.68
ppm. All concentrations for epichlorchydrin and-allyl chleoride were.
sbelow the permissible concentration. Caleulated TWA exposure lewels for
mixtures of epichlorohydrin and allyl chloride did not exceed the present
standard; however, if the recommended 'standard for -epichloerohydrin wsre
proemulgated some exposures to the mixiture would be in excess of the
expesure index. ‘

Inthe manufacture of epoxy resins-a .limited number of workers were.
«exposed to-epichloronydrin, .methyl.sthyl ketone, methylene. chlorids, and
toluene. Of. the six samples collected for these-substances,‘five
indicated non-detectable concentraticns of epichlorohydrin and one.was
0.48 ppm. Although there waere measurable concentrations of methyl ethyl
‘ketone, methylene chloride, and toluens, the expgsure index for
combinations of these substances was not exceeded. 4

The only recommendation offered was the.need for better control of allyl
chloride. This would be essential if the recommended standard for
epichleorehydrin were promulgated.






INTRODUCTION

Under the broad authority of the Occupational Safety and Health Act of
1970, the Naticnal Institute for Occupational Safety and Health is charged
with responsibility for conducting research, expeniments, and
demonstratiens pertaining to occupational safety and health (1). There
are many chemicals used in industry for which there 'is insufficient data
and experience to determine the long term biological effects on exposed
workers. Additionally, there is a need to determine the effectiveness of
control measures presently in use by industry, and to identify work '
practices and cother control methods which would limit worker exposures -to
the lowest possible level, _

In-July, 1975, Tracor Jitco, Inc., was awarded a contract to investigate
three agents newly suspected as cccupational health.hazards. The first of
the three agents specified by NIOSH was epichlorohydrin. The Tirst. phase’

of the project consisted of a literature sezsrch and compilation of copies”

of all relevant literature. By agreement with the Project Officer, the
-field investigation consisted of walk-through surveys of epichlorohydrin
production sites and selected user sites, and industrial hygiene surveys
of these facilities. The primary purpose of tne industrial hygiene survey
was to determine exposure of workers to epichlorohydrin and to decument
engineering controls, work practices, administrative controls, and
bioleogical and environmental monluorlng procedu"ea beihg us=d by thﬁ
companlies.

Under the contract, Tracor Jiteo was also to evaluate medical records and
occupationzl histories of exposed workers with the purpose of duplicating
such records so that they would be available to NIOSH for a possible
retrospective epidemiological study. dowever, plant managemsnt was
reluctant to permit these records to be dupliczted because they zontained
confidential informaticn. Dow Chemical has initiated an epildemiciogic
study-of former and active employees exposad to epichlorohydrin. W¥hen
completed, the findings of these studies.will.be made .available to NIOSH.

During the industrial hyglene study at Dow-Chemiecal U.S.A., Texas.
Division, air samples were collected to determine current worker exposures
to epichlorohydrin and s2veral other asscciated air contaminants. This
report includes a description of the Dow plant areas where epichlorcohydrin

is manufactured and used, the medical and industrial hygiene programs, air

sampling and analytical methods, sample results, and conclusions, and
recomendations: for improvemsnts. The walk-through report was separately -
submitted. (2)
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FACILITY DESCRIPTION

The Texas Divisien of Dow Chemiecal U.S.A., Freepor:;'Texas, is located
near the Gulf of Mexico and adjacent tc the Brazos River which serves as
a source of [resh water. The manufacturing complex was -built shortly
after World War 11 and presently comprises over 1,000 acres and- houses a
multiplicity of chemical manufacturing plants. -Over 600 chemicals are

produced with over 1,000 separate chemical items. The entire facility
" empleys about 7,000 perscns. Practically all products are synthesized

from petroleum products and/or sea water. The preoduction complex is
broken into blocks, and with a few exceptions, each block houses a.
distinet manufzacturing facility.

The Texas Di#isiom has been producing epichlorohydrin since 1956. The

plant was designed to minimize worker exposure to epichlorohydrin and

other process chemicals and there have been no substantial design changes
since the plant has besn on stream. However, there have been constant

progrems for equipment updating and increasad use of automatic control

eguipment as naw technology became available. Tne plant has a design

capacity of 200 million pounds of epichlerohydrin: per year.

‘Epichlerohydrin and glycsrine are produced in a biock designated &s

Glycerine Unit #1. (See Figure 1.) Glycerine Unit #2 which proouces
p =l .

glvoerine from the epicnlorohydrin produced in Glyecerine Unit #1 was

closed at the time of the study due to decreased -market demand for

‘Elycerine.

The greater poritiocn of the epichlorchydrin produced is for captive use in
the production of glycerine'andepoxy resinsg some of the production is
shipped for customer use in tank-cars, tank trucks, or drums.
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MEDICAL AND INDUSTRIAEEHYGIENE PROGRAMS3

OCCUPATIONAL MEDICINE

The Mediecal Department .which serves the Texas Divisien is located outside
the plant area.and is adjacent 'to a community Hospital 'drd ‘Health
center. Al]l major occupational accident and illness victims- are

" hospitalized in the community hospital. The baszic medical staff consists

of a Mediczl Diresctor, Dr. D. J. Killian; three staff physicians; and a
research biclogist; 14 staff nurses. cowver all preduction shifts. The
Medical Department performs the usual function of an ocecupational medical
service ineluding pre-placement, termination, and periodic medical
examinations. : -

INDUSTRIAL HYGIENE

Industrial hygiene i3 a function of the Envircnmentzl Health Department
vhich was- organized in 1973. The Department, which ssrves the entire

‘Texzs Division, is directed by Mr. K. L. Daniel who is assisted by three

staf? industrial hyglenists. Between 1956 and 1973, industrial hygiene
personnel were on:the stafl of the medical or safelty department.

‘In addition -to service provided by the Department, each majer preoduction |

unit "has an environmentzl chemist on its staff who provides czertain
industrial hygienes sarvices to the unit including area and personnel
monitoring. The environmsntal chemist is responsible to the
superintendent of the unit but works closely with the Environmental
Health Departmant. ' ’ )

The Environmental Health .Department personnel serve as consultants and
advisors to plant superintendents by providing advice on hazards and

~controls, and reccmmending monitoring programs. Additionzlly the
: Departoent. perfonms special services and independent audits. Ald

expesure 'dava are reported -to the Environmental Health Department. A

-system is presently being developed to maintain these records on an ADP

system. The Department has a chemical laboratory but most of the
analytical work is performed by the Ceniral Research Laboratory.

'.“\
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EPIDEMIOLOGIC STUDY

The Texas Division haslcontracted Wwith Stanford University to conduct an

epldemiclogy study. of present and former employces exposed to
epichlorohydrin. The senior investigator for Stanford is Dr. Charles
Hines. The cohort includes-831 persons; of these, 389 were employed when
the study began and U442 were former employees. In July, 1976} a draft
report was submitted to the Texas Division; a copy of the final report
will be made available to NIQSH.

AVATLABILITY OF RECORDS

The personnel records at Dow were complete and detailed, and included the

re-employment application form, changes in status, work stations,
perscnal data, and related information. The records would be sufficient.
to provide the information required by NICSH such as name of employee,
social security number, date of birth, place of birth, last known adress,
and .an occupaticnal history. The records would also provide some of the
other information identified by NIOSH as helpful but not essential such
as a prior occupational history'and‘addfeSS‘Of next of kin.

The 1946-1$52 records of employees who have retired, resigned, or died,
are convertad to "microcard". This is an obsolete microfilm system
utilizing an opaque card with the minizturized datz photozraphically

Amprinted on ths card. Ths cards must be read by a printer gquizped with -

a reverse mirror system. Duplication of the cards is not practieczl. The
remainder of -the .records of -emnployees no longer with ‘the plant are also
on mierofilm but zre maintained in transparent microfiche., The early
part of this collectiocn (1953 to approximately 1953) utilize a heavy
micrefiche jacket which also makes it difficult to reproducs the
material. The remaindsr of the collecticon of recornds of employees no
longer with the plant are on modern micerofiche which ean be duplicated
-quickly and econcmically using the diazo method.

Records of employees currently on the job are maintained in paper form
which could either be microfilmed or duplicated by fast-copy process.

. Dow intends to retain all of the present and past personnel records.

. Thus, data on specific individuals required for an epidemiclogic study

. may be obtained at a later time. Since an epidemiologic study has been
initiated and a report-is being prepared, it may be prudent to await
these findings. Should NIOSH conduct an epidemiologic study on its own,
Dow would recommend that the required data be transeribed because of the
difficulty in duplicating the required records and securing employee
permission for the release of privileged information. ‘
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~ PROCESS DESCRIPTION
EPTCHLOROHYDRIN PRODUCTION.

Allyl chloride, the- starting base from which epichlorchydrin . is .
synthesized, is produted in an-adjacent block and delivered .to Glycerine
Unit #1 by pipe line. Allyl chloride, chlorine, and water .are. fed to a
reactor which vyields a nixture of T0% 1,3-dichlorohydrin and 30%.
1,2-dichlorchydrin, 'These products are washed with a cold dilute alkali
solution to remove hydrochloric acid and yields an impure
epichlorohydrin. The impure epichlorohydrin is steam distilled to
produce crucde epichlerchydrin; in the process the lignt ends are removed
and flared. Crude epichlerchydrin is distilled in a2 fracticnating column
to produce epichlorohydrin of 994% purity. The residus from the
distillation column-are the heavy ends., (8See Figure 2.) ‘

EPOXY RESINS

Epoxy resins are manufactured in Epoxy Unit #71 (Figure 3) which is
located about 1 mile f“ m. Glycerine Unite #1., Epichlorohydrin is pumped
from Glycerine Unit #1 and stored in closaed tanks. There are two methods
for producing epoxy resins: <Continuous and batch.

In the continous process, epichlerchydrin is condensed with bis-phenol to
form a ligquid epoxy resin. The entire system is closed so that worker -
expgsure 'is minimal, Excz2ss eplichloronydrin is stripped from the reacted
mixture and rsturned to the storags tank. There are no exposures to
epichliorohydrin after the stripping operation.

In the batch method, various epoxy resins are made in kettles by
concdensaticn of epichleorohydrin znd other substances to form 2 novélac
resin. All kettles are sealed and discharged into a closed system.
Excess epichlerohydrin.is stripped from the mixture  and returned to ‘tre
storage bank. No:expcsure to epichTo“onydrin oceurs.afier the.stripping
operation. Solvents used in the production of resins 1n"lade toluene,
methyl ethjl ketone, and methyl isobutyl ketone. :

RESlnS are pumped to the resin finishing area also located in Epoéxy Unit
#1. Most of 'the workers employed in FEpoxy Unit £#1 are concerned with
resin finishing and shipping. When the resin reaches the flnlshlng area
it contains no free epichlorohydrin.
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Flow Diagram for Synthesis of Epichlorohydrin .
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POTENTTAL FXPOSURES o = g
GLYCERINE UNIT #1

In this unit there are potential respiratory and skin exposures to a
variety of "chemical substances including-allyl chloridsa, epichlorohydrin,
and glycerine. Benzene is a low level area contaminant .which originates
"in another production area. The light and heavy ends resulting from the
producticn of epichnlorohydrin are handled in such a manner that exposure
to these substances would only result if .an unusual emergency occurred.
In'the -evernt -of an emergency, there-zre 'potential exposures to chlorine
or- hydrochloric acid fumes. Workers engaged in the loading of
epichlorohydrin arse exposed only to epichlorohydrin,

"EPOXY UNIT #1

During normal operations only the operators engaged in the formulation of
.epoXy resins are exposed to epichlorohydrin. H2re the axposurs is
largely respiratory, but occasionally the operators may have  skin contact
with epichlorconydrin, There is also the possibility of skin contact with
pnenol, but extensive safetv precautions are taken to nrevent any contact
with this agent.. Methyl etnyl ketone and toluene are alsc present as
are2 contaminants. Methylene chloride is used to remove spilled resins;
this procedure presents a limited hazard througn skin contact with the
solvent or inhalation of fumes.




PAST EXPOSURES

Exposure data has been collected for epicnlorchydrin and allyl chloride

since the sampling program began in 1974. Even before this date,

however, industrial hygiene services were provided by the central staff

of the Texas Division-and corporate headquarters. Exposure records are

maintained by the Environmental Health Department-and the operating

units. Examples of summary data collected in 1975 are. contained in the
Appendix. ‘ ' :

P
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EXPOSURE CONTROL
EPICHLORCHYDRIN

The epichlorohydrin production unit is located out of doors and all
producticn uniis are enclosed. The operation is entirely autcmated -and
monitored from a control room located on the west periphery of the

block. During normal operations it is not necessary for any unit in the’
process to' be manned. However, workers are often in the production area
for routine inspection of equipment, sampling, and on-stream

maintenance. Because pumps and .pipe {lange seals are kept.tight, leakave
is normally minimal.

All personnel entering the production arez are reguired to wear long
sleeve jackets, gloves, and eye shields, and must have an organic vapor
respirator for emergency use. In the event of 'a production emorgency,
warning 51Dnal i1s sounded and area evacuation is required.

Work practices are in effect for on-stireazm maintenznce and maintenance:
‘work is supervised by the shift foréman. FPor major on-site repzirs the
production unit is either by-passed or the process shut down., Equlipment
'to be repaired or serviced cannot be open=d until it has been declared
safe by a person authorized to mzke this decision, Mz jer repairs are
usually made on the day shift when ths environmental chemist iz available
to test for epichlorohydrin and other atmospheric contaminants.

Drumning operations are conducted out of doors.. Epichlorchydrin is
pumped directly {rom storage tanks znd introduced into the drum through a
retractable pipe with a cut off velve immediately above the drim. During
the filling operaticen the drum opening 1s surrounded by z hingsd exhzusi
ventilation nood. Exhaust is discharzed to the a2tmosphere about 25 feest
from the loading operation and aboub 10 feei above ground level,
Immediately adjacent to the drumming operation is a Lamb air mover;
between drum loading, ‘the epichlorohydrin lezding pipe is dirsctly.in
front of the intake Lo the air mever. .As-'an additional precaution,
workers wear an organic vapov PeSDlratOF during the drunming cperation.
See ventilation specification print znd measured ventilation rates for
this econtrol (local exhzust) system (Figure U4).

Some shipaents are made in 10,000 gallon railroad tank cars. Before
being received at the loading dock, each car is cleansd and inspected. A
second visual inspection is made at the loading dock by removing the dome
and observing the-interior of the tank. Entry into the tank.at the
loading dock is prohibited. The tank car is top loaded and vented back.
to the storage tank. During the loading operation, the operdtor is at
the control site 'some ‘distance frcm the car. The only time that ths

11
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operator may be significantly exposed to epichlorohydrin is during the
disconnect procedure. Procedures for truck tank loading . are similar to
tank car loading. See-the Appendix for Dow's Glycerine .Department
Chemical Hazards Guids which is posted at all work stations.

EPOXY RESINS .

All epoxy resins process equipment is located out of‘doqrs and controlled
from a central air-conditioned control reom. During normal operations,
cnly operators havs a potential exposure to epichlerohydrin. ‘When
operators are in the production area they are required to wear long
sleeve jackets, gloves, and eye shlelds, and must have an- ozganlc vapor
respirator for emergency use. :

BIOLOGICAL MONITORING

A1l workers assigned to allyl .chloride, epichlerchydrin, and resin
production receive a pre- and post-employment medical examlnablon
consisting of the following:

Blood and urine analy51s ‘
General physical examination and health hlstory
Chest X-ray
Pulmeonary funetion-FVC and FEV
" Electrocardiogran
Vision test

Workers assigned to allyl chleoride, epichlorohydrin, and resin
production are examined on the following .schedule:

Blood and urine analysis . -Annually
Gene"al physieal examlnaulon Over 40 years of age-every two
Pulmonary Function ‘ years
- Chest X~ray o Under 40 years of age every four
: o years
Electrocardiogram =~ . Over 40 years of age only-every
.Vision : - two years

ENVIRONMENTAL MONITORING

The environmental cheaist assigned full time to Glycerine Unit {1 is
required to monitor all preduction areas once per month. Other .
monitoring is conducted as required when leaks are suspected or when. .
equipment is being repaired or placed on-stream. Each worker is
monitored each two years using the charcoal adsorption procedure. All -
substances absorbed by the charcoal are determined. Based on thess
values, each worker is assigned an exposure index determined by dividing

13
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the TWA by the TLV for. each substance and summing these values. If the .

index is over 1, corrective measures are taken; workers with an Index
between 0.5 and 1.0 are monitored each year. Exposure records are kept
by Glycerine Unit #! and the Environmental Health Department. 1If the
worker transfers to another production area his exposure record goes with
him.

BOUSEKEEPING

The plant facilities are maintained in a safe and orderly manner. This
is especially true of Glycerine Unit. #1. . Epoxy Unit #1, by comparison,
had more difficulty preventing leakage and spillage; therefore, a variety
of materials, primarily resins, was evident throughout the work area
because of accumulation and tracking. 1In spite of 'this, the work area
was in good order and did not represent a safety or health: hazard.

Py
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JOB TITLES AND DESCRIPTIONS

Glycerine Unit #1 employs 50 persons including .supervisory staff,
engineering, lsboratory, and production workers. The breakdown of this
staff is shown.in Table 1.

. Table 1
‘ Staff.of Glycerine Unit #1
Supervisory and Techniecal Staff Production Staffl
Superintendent 1 Production Foreman 2
Engineers Y Shift Foreman - LY
Laboratory 9 Operators 13
Secretary 1 Packaging 5
Maintenance 11
Totals . S 15 - B 35

Although all employées?in the unit may have an occaslonal exposure to
;gpichlgﬂqnydrinﬁ;production wcrkers nave the greater potentizl. All
supervisory aznd technical staff are housed in the administrative arca
which is air conditiocned., The conurol room, 1mmedlately adjacent to the
admlnlstra*lve area, is also air conditioned.

PRODUCT;ON WORVERS
- Production Foreman (2)

" Production foremen are housed in the administrative area and act as
assistants to the superintendent. They supervise production and
coordinate activities of the shift foremen.

Shlft Foreman (4)
The shift foremen have supervisory respon51blllty for producticn and
maintenance. Shift foremen are housed in the control room, but,

depending on-operational problens, may spend . from 50% to 1009 of their
worX shift in the production area. ) o

15




"Operators>(13)

There are two classes of operators: Control A and Control C. Control A
is the senior operator and is responsible for monitoring control
instruments and making necessary  adjustments to maintain production.
‘Normally an operator spends more than 80% of the work shift in_the
contrel room. Each Centrel 4 Operator will inspect the production area
at least twice during the shift and- will lnvestlgate or correct -
operaulonal problems in the producticn area.

The Control‘c Operator spends about 50% of the work shift in the
production area; one of his major duties is the collecting and analysis
of the process samples. During the ‘sampling opsration he is requirsd to
wear an organic vapor respirator. - At the time of the study, automatie
sampling and analysis equipment was being installed which will relleve
‘the Control C Operator of the sampling responsibility,

Operator C Trainse (1)

During the study there was an Operator C trainee for two work shifts,
The trainee performed the same duties as the Control C Operator.

t
Maintenance (11)

Mzintenance personnel are primarily'mechanics and pipe-fitters.
Mzintenance of eleztronie instruments and electriecal squipdent is
provided by other units of the Texas Division. Maintenance perscnnel
-serve the .entire ‘block, fhus, exposure to epichlorohydrin is a function
" of the time spent in repairing and servicing epichloronydrin units,

Packagzing (5)

There is one flead Pavhaﬂlng Operator and {four gene"al operators. The
“Head Packasging Operator spends most of his time in .supervisory and
adninistrative duties. The four general operators are rssponsible for
loading epichlorchnvdrin into railroad tank cars, tank trucks, and drums,
In addition, they maintain the warehouss and load trucks with filled
drums. ' )

' Epoxy Operators (4)

During normal operations there are two.operators in the epoxy resin area:
Control B Qperator who controls the bateh operation and Control C _
Operator who controls the coniinuous operation. The two operateors spend
.about 80% of the work-shift in the control room and about 20% in the
production arza. The shift foreman spends most of his, time in the resin
finishing area; his office is separate from the control room.

16



STUDY METHODS
STUDY PROCEDURES

The industrial hygiene study of the Dow epichlorohydrin facility was
conducted between July 11 and 15, 1976. During . this .period, .air samples
were collected to evaluate exposures to epichlorofiydrin, allyl chloride,
and benzene. Benzene is an area contaminant and not a by-product of the
epichlorohydrin process. Samples were collected on all three shifts for
all production workers on duty for the shift sampled. In practically all
cases, the sample duration was for a significant portion of the full
working shift and represented a TWA. In a few cases, the sampling was
only for the duration of the exposure such as the loading of a tank car
and drums with epichlorohyvdrin. The purpose of these samples was to
determine exposure for intermittent operations whieh could be excessive
and to evaluate effectiveness of contrsl methods 'in use. Four :
maintenance workers were sampled during the only maintenance operation
occurring during the study.

"In Epoxy Unit #1 only the two operators cencerned with the formulaticn of
resins were sampled. These are the only two employees of the unit that
‘have a potential exposure to epichlorchydrin except 1in emergency
situations which did not exist at the time of the study.

The szmpling and analytical method used by Tracor Jitco in the study was
developed under NIOSH contract by Stznford Research Institute
specifically for use by NIOSH in condueting evaluations of ztmeospneres
containing epichlorohydrin (3). Analytical services were provided by the
Eettering Laboratory of the University of Cincinnati. SKC (SKC, -Inc.,
Environmental Science Division, P.0. Box 55, Venetia, Pa., 15357)
cnarcoal adscrpticn tubes were used for all samples. The air sampling’
pumps were SXC Model 222-351 Air Check Personal Pump and DuPont (E.I.
DuPont de Nemours & Co., Ine., Applied Technology Division, Wilmington,
Delaware, 19838) Modzl P-200 Constant Flow Sampler. :

STUDY LIMITATIONS

This industrizl hygilene study represents a one. point in time evaluation
of exposures to epichleorohydrin and therefore does not reflect pessible
variations in exposure due 40 seasonal or sperational changes. An
attempt w2s made to evaluate exposures for each job type during all work
shifts, These .studies were wmade during a pericd of normal producticn
procedures; if an emsergency or abnormal situation cccurred during the ,
work shift, the higher exposurs level should be reflected in the. sample.
Encountering an emergency during production in a short sampling pericd
was remote; therefore, the resulting exposure measurements are. considered
" to represent the normal operating conditions. ' '

17



Generally, the samples also do not reflect exposures during maintenance
operations. Routine maintenance: is usually accomplished at specified
times during the year. On these occasions, safety procedures which are

" designed to minimize exposure are followed. However, on-stream

maintenance may result in significant short term exposure unless very
strict emergency procedures are used. When such operaticns were
scheduled during the sampling period, exposure measurements were included
in the sampling scheme. Whenever there were potential significant
exposures to other chemical agents assccelated with .epichleorohydrin these
were also evaluated. |

RESULTS OF THE STUDY

Glycerine Unit: ¢ 1

’

A summary of all atmospheric samples for glycerine unit #1Lis shown in
Table 2. . ' : -

Control A Operator

Three samples were taken for this job classification, one on each of the
shifts, Each was a full shift sample and the results represent a
time-weighted average exposurs level (TWA-ppm).

‘  Table 3
Control 'A Operatcr Exposure Levels
]Shifﬁ Ddte , Epichloronvdrin Allyl Chloride’ , Benzene
. ppa - ppm o ppm
1 T/13/76 0.38 . . ' 0.24 ‘ . N.D.
2 7/12/76 - N.D. -~ - N.D. N.D.
3 7/14/76 0.23 N.D. - N.D.

The expesure may be less than the TWA since the Control A operator is
equipped with an organic vapor respirator which should be used when there
is a suspected expozure to epichlorohydrin, The extent to which the
respirators were used was not determined. '

Control C Opefator

Three samples were taken_for'this‘job classificatioﬁ, one on each of the
shifts. Each was a full shift sample and the results represent TWA
exposures, A major function of this job elassification is precess
sampling and analysis. While sazompling, the cperator is required to wear
an organic vapeor respirator. On two of the three shifts the Control C
Operator was accompanied by a2 trainee. Since they were performing the
same duties the -exposure should have been approximately the. same which
was the case when based on the sampling data.

18
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Table 2

Summary of Atmospheric Samples for Epichlorohydrin and Allyl Chloride

Clycerin Unit #1

o

Car

Type or Atmospheric Concentration
Date , _ Duration , {ppm) , ,
Collected Shift Worker Sampled "~ of Sample Epichlorohydrin Allyl Chloride Benzene
_77;3 1 Control A Operator TWA 0.38 0.24 N.D
7/12 2 " " " - TWA N.D* N.D N.D
7/14 .3 e " TUWA 0.23 N.D N.D °
7/13 1 Control C Operator TWA 0.33 0.68 N.D
7/12 2 i " " WA N.D N.D N.D
7/14 3 " " " TWA 0.39 0.11 N.D
- 7/13 1 Control C Trainee TWA 0.41 0.11 N.D
L 1/14 2 " " " TWA N.D 0.26
7/13 . 1 Shift Foreman TWA 0.17 0.3
7/12 2 oo TWA 0.1 0.17
1/14 | 3 " " TWA 0.14 N.D
7/14 1 Pipefitter 1 - 5 hrs N.D N.D
S 7/14 T o2 s no N.D N.D
7/14 1 " 3 oo N.D N.D
7/13 1 Packing Op. 1 = Drum 4 hrs, N.D.
7/13 l 13 ‘.' 2 - " ) 11} N.D
7116 1 Packing Op. 1 - Tank 3 hrs, 10 min 0.28

k. » :
Not detectable based

on thé limit 6f the analytical mcthod
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Table 4
" Control C Operator Exposure Levels

Shift Date Epichlerohydrin Allyl chloride Benzene
ppm ppm ppa

1 7/13/76 - 0.33 - 0.68. N.D.

2 1/12/76 N.D. N.D. N.D.

3 T/14/76 6.39 N.D.. N.D.

Control C Trainee Exposure Levels

1 7/12/76 . 0.41 011,
2 1432/76 N.D. . 0:26

Exposure may have been less than the TWA since each operator weas reguired
to wear an organic vapor respirator during sampling. A short term (20
minute) sample was collected while one sampling ecircuit was made by the
Control C operator. The air concentration for this period was
non-detectable., ‘

Shift Foreman
Three samples were taken for this job e¢lassification, one each on the

Ist, 2nd, and 3rd shifts. E=zch was a full shift sample-and the results:
represent a TWA.

Table 5
Shift PForeman Exposure Levels
Shift Date Epichlorohydrin - Allyl chloride Benzene+
‘ ppm ppm ppa.
1 7/13/75 0,17 | 0.03 -
2 - . 7/12/76 N.D. B 0.17 -
3

CT/18/776 , 0.14 o N.D. ‘ S
+ not determined ' '
Pipefitters

On July 15, three maintsnance workers were repairing and servicing-a
condenser for the distillation column which removed light ends from crude
" epichlerohydrin. During this operation production ‘of epichlorcohydrin was
continued and the product was put inte storage tanks, but the finishing
end of the process was clesed down. The sample was limited to the 5 hour
duration - of the repair procedure. Before opening the condenser, the
usual safety precaution were taken.

20
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Table 6 .
Pipefitters Exposure Levels

sShift Date Pipefitter # Epichlorohydrin Ally Chloride
- o ppa ppo .

1T T/13/76 1 CN.D. N.D

1 - T7/15/76 - 2 N.D. N.D

1 ‘ T/15/76 3 N.D. N.D

Packaging

Packazing is an intermittent operation which depéends upen customer orders
foﬁ—epichlogohydriﬂ. During the time of the study no packaging
operations were scheduled, however, two spscial packaging runs were made
to assist in the sampling program. On Tuesday, July 14, a special
drurming run was made which lasted four hours during which forty-three
535 pound ‘drums were filled. On July 14, a 10,000 gallen railreoad tank
car was loaded .in 3 hours and 10 minutes. -

TableVT

Drumming Qperator Exposure Levels
Shift Operator Epichlorohydrin
| oppm

1. o : N.D.

1 2 ‘ . N.D.

V‘Tank Caeréading Operétor Ezposure Levels 1
1T ' 0.28
Epoxy Resin Unit # 1‘
Eroxy nesin 6perators de not have an exposure to z2llyl chiéride'but do
have a potential exposure to mefthyl ethyl ketone, methylene chlorids, and

toluene. A susmary of all sampling taken in Epoxy Unit #1 is shown in -
Table 8. - : '
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Table 8

Summary of Atmospheric Samples for Eplchlorohydrin and Other Contaminants

Epoxy 1

) ‘ _ , Type or ' - Atmospheric Concentration

.Date ) ' _ Duration Epichloro- (ppm) . :

Collected Shift . Worker Samples of Sample hydrin MEK Methylene Chloride Toluene
7/13 1 Control B Operator THA N.D N.D 1.0 6.8
7/12 2 " " " - TWA N.D N.D 4.7 1.7
7/14 3 " " o ‘ TWA N.D N.D 7.4 0.6

" 7/13 1 Control C Operation TWA N.D N.D 3.8 D.6
7/12 2 oo " ©OTWA N.D N.D 4.0 1.0
7/14 .3 "_ " " - TWA N.D N.D 10.6 6.5
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Date

" T/13/76

T/12/76
1/15/17%

7/13/76

7/12/76

7/15/76

~Table 9

Control B Operator Exposure Levels

Epichlorohydrin
ppm

==
ogoo

MEK - Methylene

. ppm Chloride
ppm
N.D, 1.0
‘N.D. y,7

‘N.D. 7.4

Control C Operator Exposure Levels

‘UN.
N

w oo

G.h
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N.D. 4.0
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DATA ANALYSIS AND EVALUATION

EYALUATION CRITEREA

The permissible concentration for epichlorohydrin is 5 ppm or 19 mc/m3
as a TWA (4). This is identical to .the present TLV recommended by the
American Conference of Governmental Industrial Hygienists (5). The
Criteria for 2 Recommended Standard..:Occupationa) Exposure to
Epichlorohydrin published by NIOSH, September, 1976, recommends a 3
permissible concentration for epichlorohydrin of 0.5 ppm (1. 9.mg/m”) as
a TWA with a ceiling concentratien of 5 ppmn (19 mg/m~) for a 15 minute-
period during the work shift (6). Permissible concentration for allyl:
chloride is 1 ppm (&). ' '

EVALUATICN OF EXPOSURES
Glycerine Unit #1
Based on these data it is apparent that all exposﬁres are well below the

present permissible concentration of 5 ppm for epichlorehydrin., An
analysis of the exposures is shown in Table. 10. .

Table 10
Distribution of" Samples by Rangs of Concentration of Epichlorchydrin
Exposure Pange ~ No. of Samples o % of Total
ppa. ' o '

N.D. 13 56.5
0.1-0.19 3 13.0
0.2-0.29 2 . - 8.7
0.3-0.39 3 13.0
0.4-0.48 2 8.7
0.5 -0 -0.0
Total 23" 190.0

In térms‘of exposure to éllyl enloride the eXposures were sigﬂifiéantly‘

¢loser to the permissitle concentration of 1.0 ppa, ranglng from
non-detectable to 0.68 ppz as shown in Table 11,

T
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Table 1t

S it T AL m s o et daBd et

- Distribution of Samples by Range of Concentration of Allyl Chloride-

Exposuré Range

ppm
N.D,
1-0.19
2-0.29
3-0.39
L4-0,49
5-0.59
6-0.69.
T
otal

_No. of Sé

O 2200 -2MNW=

i

mples

% of Total

50
21.4
14.3

DO~ 0o~
Qe OO —

.0

10

(]

Since the OSHA standard requires an evaluation of mixed exposures; it .is
necessary tc consider the combired exposure for epichlorohydrin and allyl

chloride.

excluded since all were non-detectable or at
analytical method. Mixed exposures were considered to have possible

significance in four cases:

Case
Case
Case
Case

=W N =

Epichlorohydrin 0,33 pp
Epichlorohydrin 0.41 pp
Epienlorohydrin 0.38 po

Epichlorchydrin 0.37 ppm

. Using the mixed exposure formula Cyy
T1

indexes were developed for the above ¢

Case 1

. Case 2

Case 3

Case 4 -

0.746
0.192
0.316

0.334

with a value of 0.75.

m
jaal
1}

.

3
c2' =

T2,

agegd -

For this purpose the potentiazl exposure to benzene was,

the lower limit of the |

allyl
allyl

‘allyl
"allyl

1

chloride-

chloride
chlorids
chloride

0.68 ppm
0.11 ppom

.0.2L ppm

0.30 ppm

the following exposure

. For =211 exposures:tq,epichlorohydrin and allyl chloride the mixed

exposure index did not excesd 1, but one exposure approached the limit

The NIOSH criteria document for epichlorchydrin propcses a permissible
concentration of C.5 ppm TWA with a ceiling limit of S ppm for 15 minutes

(6).

Based on the .data collected in this study, all TWA's were less than

the proposed TWA; however, the data will not permit an assessment of the
ceiling concentration.
limit, however, can.te deternined from-the TWA,

25
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If the concenuratlon had been at the ceillng for 15 mlnutes, the daily

dose contributed by this’ exposure would have been 1.25 ppm hours.
Therefore, any dally dose inexcess of 5.125 ppm hours could have an

- exposure of 15 minutes at 5 ppm. None of the non-detectable exposures

could have had a 15 minute period of 5 ppm since the total daily dose was
less than 0.8 ppu hours. This represented 56.5% of all samples. At a.
TWA of 0.2 ppm it would have been possible to have had an exposure of 15
minutes at 5 ppm since the total dally dose was slightly in excess of the
permitted dose at the ceiling concentraticon (1.6 ppm hours .as compared to
1.25 ppm hours). Since this condition means that the exposure, except
for the 15 minute period, would have to be close to zero, the probability
of the ¢eiling concentration being exceedsd is almost zero. By pursuing
this logic through othér TWA concentrations it is apparent that there 'is
only a-slightlprobability'of the ceiling value being exdeedad at 0.3 ppm
TWA. There is a greater probabllity, however, when the TWA is 0.4 ppu or

greater,

In terms of mixed exposures, howaver; the index could have been excesded
if the. permissible concentration for .epichlorohydrin had.been 0.5 ppnm,
the level of the proposed standard. Using the four c¢dsgs previously '
developed, hhe mixed exposure: would have been exceeded in two of the four

cases and very close to 1 in another case.
Case 1 1.34
Case 2 0.93
Case 3 1.0
Case 4 0.64 A

Epoxy Resin Unit #1

A1l operztor exposures in epoxy resin production were significantly'less

than the permissible concentration for epichlorohydrin, MEX (PC 200 ppm),
methylene cnloride (PC 500 ppm), and toluens (PC 200 ppm). In 2ll cases
the mixed exposure index is far less than 1. In one case it is possible
that the proposed ceiling concentration was exceedad (Epoxy Control C

" Operator for thne third shift on July 15)
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'CONCLUSIONS -AND RECOMMINDATIONS

Measured exposure levels are less than present standards. However, the
company -should :maintain its present surveillance ‘program and continue to
test: the control sysvems for deficiencies. -

- Should the pérmissible concentration ‘of epi¢hlorctydrin be lowered to 0 5

ppa. with a gelling cencentration of 5 ppm for 15 minutes the process’
would still be In compliznce for eplcnloronydr;n excapt that on occasions
it may be possible for the ceiling concentration to be exceeded,

The exposure to allyl chleride, howeveﬁ, presents a problem since sons
exposures to this substance are close to the permissible conecentration:
and at present concentrations the exposure index for a mixture of zllyl
chloride and epichlorohydrin will be exceeded on occasions. For this
reasen the company should explore methods for reducing the exposures to
allyl chloride. Althougn levels found in this ‘study are within existing
Federal Standards, there exists the potential Tor acute irritant health

effects, The NIO3SH recommended standard for epichlorchydrin has been

lowered and the combined irritant effect mayupresent‘health problems.

o
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ALL:L CHLORIDE #3
PERSQNNEL MONITORING (1975)

n4az - ALLYL CHLORIDE - . EDTI

of . (2P VOLUVE (PP VOLUME)

J03 CLASSIFICATION - © 52MPLES HIGH ~ LOW  AVG. ©  RIGH Lo  AVG.
cQEQ:ol e 6 91 .19 s <01  <.0L <.01
coatrol "¢ s L9 24 .57 - ' <0l <0l <0l
Instrument . ) 4 | %472 .12 216 <.l <.01 <.0L
L . 1 .23 40 <0l - <01 <0l
. shife Forc:'_'anv R 7 L o... . *4,03 | S .12 1.30 | - <.01 <00 <,01l
rm;ncénancc - ‘, - 4 o #6.09 .78 3.05 <0l <01 <0

NOTEﬁ High values for allyl chloride could possibly be due to acetone 1nterference.
Analytlcal technique has been corrected.

e

- - . -
el . -

* Represents potential exposure. Operators wear protective eqUmeent du*lﬂg
. sampling ope rations and- process upserts,

s : : , -~

Avg. requSGqcs numerical aVerage between h1gh and low value, not the time
we‘gntcL a\eraqe - -

.
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EPI (PPM VOLUME)
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