
, "' PB81229023

EPICHLOROnYDRIN

Industrial Hygiene Survey 'Report
'Dow Chemical, U.S.A.

Texas Division
Freeport, Texas

Survey Date: July 12'-14, 197-6
Contract No. 210~75-ob64

~k. Henry Doyle" Consultant
Mr. Ronald Bales,Consultant

Tracor Jitco, Inc.
1716 E. Jefferson Str~et

Rockville, Maryland 20852

PB812290~3

,1111111111111111111111111I111II
" '{....,o~~__~-,-- _

)

-----~:=:-~.;-:.~. - ::.-. --
, .~

,
/

/.'""'-" ./

U.S. Departme:1t of Health, .Educaticn,and Helfare
, , Public Heal thService ' ;~"

Center ,fer Ilis,ease Control / '-_-:- ~

National Institute fo~ Occupational Safety and Health /
Divi,sion of Field Studies:, ar:d Clinical Investigation !- ". .I

Cincinr'lati, Ohio 45226 ' ~----- ;
~

f t '- ..

'\





.50:172 '101

REPORT DOCUMENTATION Ih.RCPORT NO.
,PAGE IWS-58.11 NA

.-- ·-.---.:.NIOSH-00106n.6:..
1. II.clp'."I'. "cc...lo" No.

NA

4. Till••nd Subt"l.

Industrial Hygiene Survey Report at·pow Chemical, U.S.A. Texas
Division, Freeport, Texas

7. "u1hor(s)

Anonymous
,. P.rform1nc Ol1l,,,l:utio,, N.m••"d Addres.·

Tracor Jitco, Inc., 1776 E. Jefferson St.', Rockville, MD 20852

5. II.port 0.1.

March, 1977
6. NA

NA
10. P",;eetlTuk/Worl< Unit No.

NA
n. c:.."lracI(C) or Cr."ICG) No.

(e)

210-75-0064
(e)

12. SpansarinE Orlanization Nom••"d Addres. \ 13. Type of Report & Peri.od Covered

NIOSH, U.S. Department of H.E.W., Division of Field Studies and
Clinical Investigation, Cincinnati" Ohio

Contract Report
14.

NA
15. Supplem.nbry Noles

•

-I~ Abslnoet (limit 200 ..ord.;;s)~ _

Worker exposures to epichlorohydrin (106898), allyl-chloride
( ), benzene (71432), methyl~ethyl~ketone ( ) (MEK) ,
methylene-chloride ( ) and toluene (108883) were investigated at the
Texas Division of the Dow Chemical Company (SIC-286) in Freeport, Texas, from

I July 12 to 14, 1976. The company employed about 7,000 persons. The medical
department was located next to the community hospital and health center.
Pre-employment, termination and periodic medication examinations were
provided, and an industrial hygiene program existed. Personnel records were
complete and detailed. Production units were enclosed and the operation was
entirely automated and monitored from a control room. Concentrations of
epichlorohydrin and allyl-chloride ranged from undetectable to 0.41 and 0.68
parts per million (ppm), respectively. Benzene and MEK concentrations were
not detectable. Concentrations of methylene-chloride and toluene ranged from
1.0 to 10.6 and 0.6 to 6.8ppm, respectively. OSHA standards for
epichlorohydrin, allyl-chloride, MEK, methylene-chloride and toluene were 5,
1, 200, 500 and 200ppm, respectively. The author concludes that all exposures
at this company are within" acceptable limits, but recommends improvements to
reduce allyl-chloride exposures, "

- -- . - - - - . - -. - - - -""- -"--... - . -Fie.ld-study 9

, Industrial-organic-chemicals, Region-6, Chemical-exposure, --";".,
Pest icides-and-agricu 1tural-chemicals, Heal th-surveys 9 Industr ial-proces.ses,

L .~ork-environment _

b. Id."lIr..n/~,,·CndedTerms

. I

Available to tne Public ___._ NA -+__-"-=32--_1 _
20. Securlly Clo .. (Thl, POliO) 22. Prlc.

r:; •• ANSI-lJ9.1II) OPTIONAL ro" ... ~72 (~-711

lr g,.rn~rl,. r~ ~ I~~ J:"I
O.perim.n' of CO""'''''lII rc.





.'

1
1

DISCLAIMER

The contents of this report are reproduced herein as received from the
contractor.

The~opinions, findings and conclusions expressed herein are .not
necessarily those of the Natioml Institute for Occupatio:1al Safety and
Health, nor, does mention of co~pany names or products constitute
endorsement by the National Institute for Occupational safety and Health. '
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NIOSH Project Officer: Jim Oser

Tracor Jitco Project Director: George R., Pielmeier
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ABSTRACT

An industrial hygiene study was con'ductedat the Texas Division, Dow
Chemical U.S.A.'," Freeport, Texas, July 12-15,1976. This study was
preceeded by. ai-alk-through survey in November ,,1975. This report

·.presents findings of the industrial hygiene stud'y and selected
information >from the walk-through survey such as descr.iptions of the
Occup2.tional· l:lledic2.l and industrial hygiene programs, and ~he

availability of. personnel records.

The industrial hygiene study ...."3.s. limited to the 'sYnthesis 'of "
'epichlorohydrin, and the production of epoxy ,resins. Atrnospheric,s,amples
were taken and analyzed to asses.s the exposures to epichlorohydrin and
associa ted airborne substances. .Additionally, observations were made o·f
control:r:leasures and .;ark pract-ices., ,Job t,it 1,es ,andpG,scriRtions,ar-e
included for workers havi~g a potential exposure to epichlorohydrin.

Primary control methods employed in the synthesis of epichlcrohydrin and
the production of epoxy resins were isolation, enclosure, and remote
control combined with good work practices and environmental and
biological monitoring.

Results of the st~dy shewed that the TWA exposure to epichlorohydrin for
all workers in the synthesis process I"'2.nged from non-de t.ec table to 0.39
ppm .and exposure to allyl chloride ranged from non-detectable to 0.68
ppm. All concentrations for epiohlorohydrin 'and, allyl chloride were
;beloH the permissible concentration. Calculated TWA exposure levels for
mixtures of epichloro~yd!'in and allyl chloride did not exceed the present
standard; ho",.;ever I if the recoa:..rnendedstandardfor'·epichlorohydtin.lere
prc~ulgated S08e exposures to the mixture,wQuld be in excess of the
exposure index.

In'the ma.'1ufac ture of epoxy resi ns a .limi ted number of Horkers were.
,exposed ,to epichlorohydrin, .methyl <etr,y.l ~ketone, methylene· chloride, and
toluene. Of. the six samples collected for ~hesesubstances, five
indicated non-detectable concentrations of epichlorohydrin and one. was
0.48 ppm; Although there were measurable concentrations .ofmethyl ethyl
ketone ,methylene chloride, and toluene., the exposure index for
combinations of these substances ....'as not ex~eeded.

The only recormnenda ti~:m offered was the. nee.d for bet ter control of allyl
chloride. This ~-iOuld be essential if the !"ec.otrL"Qended standard for
epi"chlorohydrin were promulga·t:ed.

·v
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INTR9DUCTION

Under the broad authority of the Occupational Safety and Health Act of
1970, the National Institute for Occupational Safety and Health is charged
with responsibility for conducting research, experiments, and
demonstrations 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 biologicaleff.ects on exposed
workers. Additionally, there is a need to determine the effectiveness of
contl'ol measures presently in use by· industry, and to identify work
practices and other 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 neHly suspected :a:s occupational heal,th:hazards. The first of
the three agents specified by NIOSH wasepichlorohydrin. The first .phase·
of the project consisted of a literature search and co~pilation of copies·
of all relevant literature. By agreement with the Project Officer,the
field investigation consisted of ',.;alk-through surveys of epichlorohydrin
production sites ~~d selected user sites, and industrial hygiene surveys
of these facilities. The primary purpose of the industrial hygiene survey
was to determine exposure of wor~ers to epichlorohydrin and to d0cu~ent

engineering controls, work practices, administrative controlsi and
biological and environmental monitoring procedures beihg used by the
cornp~1ies. .

Under the contract, Tracor Jitco was also to evaluate medical records and
occupatio!"'.al histories of exposed workers with the purpose of duplicating
such records so that they ~ould be available to NIOSH for a possible
retrospective epide~iological study. However, plantmanagem~nt~~s

reluctant to permit these records to be duplicated because they contained
.confidential information. Dow Chemical has initiated an epidemio.logic
study of former and active employees exposed to epichlorohydr1n. Hhen
completed, .the findings of these studieswill.be made available to NIOSH.

During the. industrial hygiene st.udy at DOH Chemical U'. S. A., Texas
Division, air samples ',,;ere collected to d~terrnine current worker exposures
to epichlorohydrin and s-:veral other associated air contaminan·ts. This
report includ~s a description of the Dow plant areas where epichlorohydrin
is manufactured and used, the medical and industrial hygiene programs, air.
sampling and analytical methods, sample results, and conclusions and
recor::rmendations for improvements. The 'lo.'3.1k-through report Was separately.
sub~rtted. (2)

1
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FACILITY nESCRIPTION

The Texas Division of Dow Chemical U.S.A., Freeport,T.exas, is located
near the Gulf of Mexico and adjacent to the Brazos River which serves as
a source of fresh Hater. The manufacturing complex was·built short1y
after World War II and presently comprises over -.1,000 acres and houses a
mul tiplicit1. of cheI;lical manufacturing plants. -Over 600 chemicals are
produced with over 1,000 separate chemical iteI;ls. The entire facility
employs about 7,000 persons. Practically all products are synthesized
from petroleum products and/or sea water. The production complex is
broken into blocks, and Hith a few exceptions, each .block houses a
distinct manufacturing facility.

The Texas Division has been producing epichlorohydrin since 1956. The
plant \o,as designed torr.inimize ....orker exposure to epichlorohydrin and
other process chemicals and there have been no sub3tanti~ldesign charrges
since the plant has been on stream. However, there have bee~ constant
prograss for equipment updating and increased use of automatic control
equipmoSnt as new technology becCJ:le available. The plant has a design
capacity of 260 million pounds of epichlorohydrin per year.
Epfchlcrohydrin and glycerine are produced in·~ block designated as
Glycerine U::~t#l. (See Figure 1.) Glycerine Unit ff2;'ihich produces
glycerine frOI;l the epichlorohydrin produced in Glycerine Unit ffil was
closed at the time of the study due to decreas~d·market demand for
glyce:-irl-e.

1':'1e greater portion of the epichlorohydrin produced is for captive use in
the production of glyce"ine andepox-y resins; some of the .production is
shipped for customer use in tank cars , tank trucks, or drums.

2.
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MEDICAL M1D INDUSTRIAL HYGIENE PROGR~~S

OCCUPATIONAL MEDICINE

The Medical Department ,which serves the Texas Division is loca'ted, outside
the plant area., and is adjacent 'to a C'Orlliilunity hospi tal:a:rid 'h'ealth
center. All ~ajor occupational accid~nt and illness victims' are
hospitalized in thecornrnt;nity hospital. The basic medical staff consists
of a Medical Director, Dr. D. J. Killian; three staff physicians; and a
research biologist; 14 staff nurses cover, all production ,shifts. The
Medical Department performs the usual function of an occupational medical
service including pre-placement,termination, and periodic medical
examinations.

INDUSTRIAL HYGIENE

Industrial hygiene is a function of the Environmental Health Department
~~hich was organized in 1973. The Dep2.rtment, which serves the ,entire
Texas Division, is directed by Mr. R. L. Daniel who is assisted by three
staff industrial hygie:1ists. Bet'r.'e~:;n 1956 and 1973, industria.l hygiene
personnel were 6n ,the sta~f of the medical or safety .depa~tmeO~.

In addition to service provided by the Department, each major production
unit·· has an e!wirol'!mental chemist on its staff who provides certain
industrt"al hygiene services to the unit including area and personnel
monitoring. The environmental chen'ist is responsible to t:he
superintendent of the unit but works closely with the Environmental
Bea,Uh Depart!!lsnt.

The Environmental Health .Depart!!lent personnel serve as consultants and
advisors to' plant supe!'intendents by providing advice on hazards and

-controls, and reco[l'..'nending monitori:lg prograrr.s. AdclHionally the
,Department per-for:ts. ::lpecial services and inde?endent audits. All
exposure data are reported,to the Environffiental '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 Central Research Laboratory.
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EPIDEMIOLOGIC STUDY

The Texas Division has contracted with Stanford University <to conduct an
epidemiology study. of present and former employees exposed to
epichlorohydrin. The senior investigator for Stanford is Dr. Charles
Hines. The coh6rt includes~83l persons; of these, 389 were employed when
the study began and 442 were former employees. In July, 1976, a .draft
report ·..;as submitted to the Texas Division; a copy of the ·final report
will be made available to NIOSH.

AVAILABILITY OF RECORDS

The personnel records at Dow were complete and detailed, and included the
pre-employment application form, changes in status, work stations,

. personal data, and related information. The records would be sufficient,
to provide the information required by NIOSH such as name of employee,
social security number, date of birth, place of birth, last knmm actress,
and.an occupational 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 6f next pf kin.

The 1946-1952' records of employees who have retired, resigned I or died,.
are converted to "microcard,r. This is an obsolete microfiL~ system
utiliz.ing an op~que card'rlith the miniaturized data photogr2.p~ically

.imprinted on the car'd. The cards must be read by a printer equipped with
a reverse mirror system. ThJplication of the cards is net practical. The
remainder of -the-records of 'employees no longer with ~the pL:mt ar:e.2.1so
on microfilm but 2.re maintained in transparent microfiche. The early
part of this collection (1953 to approxirilately 1963) utilize a heavy
microfiche jacket which also makes it difficult to reproduce the
material. The remainder of thecollecticn of records of employees no
longer with the plant are on modern lJ1icrofiche which can be duplicated
quickly and economically using the di'azo method.

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

Dey.... intends to retain all of the present 2.Ild past personnel records.
ThUS, data on specific individuals required for an epidemiologic study
may be obtained at a later time. Since an epide2iologicstudy has been
initiated and a report is being prep2.red, it may be prudent to await
these findings. Should NIOSH conduct an epide~iologic study on its own,
Dow would recormlend that the required data be transcribed becau3e of the
d~fficulty in duplicating the required records and securing employee
permission for the release of privileged information. '

5 ..
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PROCESS DESCRIPTION

EPICHLOROHYDRIN PRODUCTION

Allyl chloride, the std.rting 'base' from Hhich epichlorohydrin ,is
synthesized, is produced in an ,adjacent block and deliver.edtoGlycerine
Unit 111 by pipe line. Allyl chloride, chlorine, and ,water are ted to a
reactor Hhich yields a mixture oJ 70% 1,3-dichlorohydrin and 30%
1,2-dichlorohydrin. 'These products are washed with a cold dilute alkali
solution to remove hydrochloric acid and yields an impure
epichlorohydrin. Theirnpure epichlorohydrin is steamdisti'lled'to
produce crude epichlorohydrin,j in the process the li,ght ends are removed
and flared. Crude epichlct'ohydrin is distilled in a fractionating column
to produce epichlorohydrin of 99+% purity. The residue from t,he
distillation column ,are the heavy ,ends. (See Figure 2.)

EPOXY RESINS

Epoxy resins are manufactured in Epoxy Unit fJ 1 (Figut'e 3) .....hich is
located about 1 mile fror.J Glycerine Unite #1. Epichlorohydrin isp\Zflped
from GlyceriOle Unit ;11 and stored in closed tanks. There are two methods
for producing epoxy resir::s: 'Continuous and batch.

In the continous process, epichlorohydrin is condensed with bis-phenol to
form a liquid epox-y resin. The entire system is closed so that. worker
exposure is minimal. Excessepichlorohydrin is str:i::pped from t'he reacted.
mixture and returned to .the storage tank. There are no, exposures ,to
epichlorohydrin after the stripping operation.

In the batch method, various epoX"j resins are made 1n kettles by
condensation of epichlorohydrin and other substances to form a novalac
resin. All kettles are sealed and discharged into a closed syste~.

Excess· epichlorohydrin;.is stripped from the mixture and re.turned to 'the
storage t<:tnk. No\exPQs,u!'e t.o epichlorohydrin occur:s :af,ter the,stripping
operation. Solvents used in the production of resins include toluene,
methyl ethyl ketone, and ~ethyl isobutyl ketone. .

Resins are pUQped to the ~esin finishing area also located in Epoxy Unit
11. Host oLthe yiorker-s employed in Epoxy :Joit t!1 are concerned with
resin finishing and shipping. ·Nben the resin reaches the finishing area
it contains no freeepi.chiorohydrin.

6
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Flow Diagram fo.r Synthesis of Epichlorohydrin·
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POTENTIAL EXPOSURES

GLYCE~INE UNIT I'

In this unit there a:-e potential respiratory and' skinexp03ures to a
variety. of ':c'hemical substances i nC'1uding 'iaB'Yl chlor,ide,. epichlorohydrin,
and, glycerine. Benzene is a lo\{ level a!'eacontaIDlnant ,which originates

. in another production' area. The light and heav;y .ends resulting fro[!1 the
production of epich1orohydrin are handled in such a manner that exposure
to these substances would only result if.an unusual emergency occurred.
In the everitof an emergency, therem"'e 'potenttalexposures to chlorine
or hydroch1odc acid fumes. Workers ,engaGed in. t.ne. loading of
epichlorohydrin are exposed only to. epichlorohydr.in.

EPOXYUNIT;11

During normal operations only the operators engaged in the formulation of
epoxy resins are exposed to epich10rohy:drin. Here the exposure is
largely respiratory, but occasionally the operators may have-skin contact
with epich1orohydrin. There is also the. possibility of skin contact wi.th
phenol, but extensive safety precautions ar:e taken to prevent a~y contact
with this agent. Methyl ethyl ketone and ~oluene area1so present as
area conta~~nants. Methylene chloride is used to remove spilled r8sinsj
this procedure presents a lioited hzzardthrough skin contact with the
solvent or in."'1alation of fumes.

9
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PAST EXPOSURES

Exposure data has been collected forepichlorohydrin and aJ~"yl chloride
since the sampling prog!"'am began in 1974, _Even before this date,
however, industrial hygiene services were ~rovi~ed by the central ~taff

of the Texas Division~nd corporate headquarters-, Exposure records are
maintained I;y the Environmental Health Department ,and the operating
units. Examples of summary data collected in 1975 are conta"i:ned in the
Appendix.

10
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EXPOSURE CONTROL

EPICHLOROHYDRIN

The epichlorohydrinproduction unit is located out of doors and all
production units are enclosed, The operation is entirely autcmatedand
.monitored frow a control room located on the west periphery of the
block. DUPing nOr'cial operations it is not necessary for any unit in the
process to· be m2.J.'1ned. Hor,;Jever, workers are often in the produc tion area
for routine inspection of equipment, sampling, and on-stream
maintenance. Because pumps and .pipe .flange seals are kept.tight, leakage
is normally minimal.

All personnel entering the production area are reqUired to wear long
sleeve jackets, gloves, and eye shields, and must have an organic vapor
respirato0 for emergency u~e. In the event of a production emergen6y, a
warnip-g signal is sounded and area evacuation is required.

Work practices are in effect for on-stream maintenance and maintenAnce
work is supervised by tr.e shift foreman. For major on-site rep?irs the
production unit is either' by-passed or the process shut down. Equipmer,t
to be ~epaired or serviced cannot be opened until it has been declared
safe by a pe~son authorized to ID~~e this decision. Majer repai~s are
usually made on the day shift when the environmental che:nist is available
to test for epichlor'ohydrin and other atmosphe~ic contaru.nants.

Dru~~ing operations are conducted out of doors .. Epichlorohydrin is
pumped directly from storage tanks and introd'.lced into the drum through a
retractable pipe ~ith a cut off valve i~ediately above the drum. During
the filling operation the drLlril opening is surrounded by a hinged exhaust
ventilation hood. Exhaust is discharged to the at~osphere about 25 feet
from the loadingop~rati6n and about 10 feet above ground level.
Irmnediately adjacent to the druDlr:Jing operation is.a Lacb air cover;
bet·ween drun loading, the epichlorohydrin loading pipe is directly in
front of the intake ",to the air rnover.,As 'an additio.nal .precaution,
","orkers wear an organic vapor respirator during the druTili'ning operation.
See ventilation specification print and ~easured ventilation rates for
this control (local exh~ust) system (Figure 4).

Some shipments are wade in 10,000 gallon l'ailroad tank cars. Before
being received at the lc-?ding dock, each caris cleaned and inspected. A
second visual inspection is made at the loading dock by re"C'loving the dome
and observing the interior of the t2.nk. Entry into the tank ,at the
loading dock is prbhibited. The tank car is top loaded and vented back
to the sto!"C:ig~ tank. During the loading ope:"ation, the operator is at
.the control .site."some ~d"i:stance froril the car. The only time that the

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 Guide which is posted at all work stations ..

EPOXY RESINS· .

All epoxy resins process equipmen~ is located out of doors and controlled
from a centralair-condition€d control room. During normal operations,
only operators have a potential exposure to epichlorohydrih. ymen
operators are in the production area they are required to wear long
sleeve jackets, gloves, and eye 'shields, and must have an'organic vapor
respirator for emergency use.

BIOLOGICAL "MONITORING

All workers assigned to allyl :chloride, epichlorohydrin,and resin
production receive a pre- and post-employment medical examination
consisting of the following: ..

Blood and u~ine analysis
General physical examination 2Ild health history
Chest X-ray
Pulmonary function-FVC and FEV,
Electrocardiogra~

Vision test.·

Workers assigned to allyl chl~ride, epichlorohydrin, and resin
production are- examined on the following schedule:

Blood and urine analysis

General physical examination
Pulmonary Function
Chest X-ray

Electrocardiogram
.Vision

ENVIRONMENTAL MONITORING

.Annually

Over 40 y.ears of age-eve:-y two
years
Under 40 years of :ag.e.everyfour
years

Over 40 years of age only-every
two years

The environmental chenist assigned full time to Glycerine Unit D, is
required to monitor all production areas on~e per month. Othe~

monitoring is conducted as required when lea:<s are suspected or when,
equipment is being repaired or placed on-strea:n. Each worke:- is
monito!"ed each two years usiq; the charco3.l adsorption procedure.. All
substances absorbed by the charcoal are determined. Based on these
values, each worker is assigned an exposure index determined by divi.ding

13



the TWA by the TLV for: each substance and summing these val.ues. 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 111 and the Environmental H€.3.lth Department. If the
worker transfers to another production area his exposure record goes with
him.

HOUSEKEEPING

The plant facilities are maintained in a safe and orderly manner. This
is especially true of Glycerine Unit, D1..EpbXY Unit ff 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 accui!lulation and trackin'g. In spite 'of 'this, the work area
\o.'aS in good order and did not represent a safety or health hazard.

,,
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JOB TITLES AND DESCRIPTIONS

Glycer.i.ne Unit fJ 1 employs 50 persons including .supervisory staff,
engineering, laboratory, and production workers. The breakdown of this
sta·ff is shown in Table 1.

Table 1
Staff of Glycerine Unit #1

Supervisory and Technical Staff Production Staff

Superintendent
Engineers
Laboratory
Secretary

Totals

1
4
9
1

15

Production Foreman
Shift Foreman
Oper'a t.ors
Packaging
Mai ntenance'

2
4

13·
5

11

35

A1thoug~ all employees: b the unit may have an occasional. exposure to
§p.ichlocohydri l1),ppoduction workers have.,thegre.a~.Elrp:otenti.?-l.. ..All
supervisory and tec~nical staff are housed in the adCJinistra ti ve.area
which is air conditioned. The control rooll, immediately adjacent to the
administrative area, is also air conditioned.

PRODUCTION WORKERS

Production Foreman (2)

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

. Shift Foreman (4)

The shift foremen have supervisory responsibility for production and
maintenance. Shift foremen are housed in the control room, but,
depending on'operatior:al probleos, may spendfrolT. 50% to 100% of their
work shift in the production area. ,
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. Opera tors (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
control room. Each Control A Operator will inspect the production area
at least twice during the shift and will investigate or correct
operational problems in the production 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 sam~les o' During' the's~pling opera tron he is required to
wear an orga,nic vapor respirator : 'At the time of the stu'dy, 'automatic
sampling and analysis equipment was' being installed Hhich will relieve
the Control C Operator of the sampling responsibility.

Operator CTrainee (1)

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

Maintenance (11)

}f,aintenance personnel areprimar By 'mechanics and pipe..:n tters.
'f-'!3:intenance of ele~tro:1ic instru:nents and electricalequipcient is
provided by other units of the Texas Division. ~~intenance personnel
'servet·heentire 'block, ,'Ghus ,ex.posure to epichlorohy.drin isa function
of the time spent in repairing and servicing epichlorohydrin units.

Packaging (5)

There is one Head Packaging Operator and four general operators. The
"Read Packaging Operator spends ffiost of his tiare in .supervisory and
administrative duties. The four general op,erators are responsible for
loading epichlo~ohydrin into railroad tank cars, tank trucK3, and drums.
In addition, they maintain the ~drehouse and load trucks with filled
druQs.

Epoxy Operators (4)

During normal operations' there are tom ,opera tors in the epoxy resin area.:
Control B Operator whO controls the batch operation and Control C
Operator who controls the continuous operation. The two operators spend

. about 80% of the work shift in the control room ~nd about 20% in the
produ~tion ar;3a. The shift foreC1an spends !:lost of his" time in the resin
finishing area; his office is separate from the control room.
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STUD Y METHOD 3

STUDY PROCEDURES

The industrial hygiene study of the Dow epich10rohydrin facility was
conducted between July 11 and 15, 1976. During this ,period,air samples
were collected to evaluate exposures to epich1crohydrin, allyl ~hloride,

and benzen~. Benzene is an area contaminant and not a by-product of the
epich10rohydrin 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 \o.'aS 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 epichlorohydrin. The purpose of these samples was to
determine exposure for intermittent operations which .could be excessive
and to evaluate effectiveness of control methods ~n use. Four
maintenance workers were sampled during the only maintenance operation
occurring during the study.

·In Epoxy Unit U1 only the two operators concerned with the formulation of
resins Here sampled. These are the only two err:ployees of the uni"- that

. have 2. potential exposure to epichlorohydrin except in emergency
situations which did not exist at the time of the study.

The sampling and analytical method used by Tracor Jitco in the study was
developed unce~ NIOSH contract by Stanford Research Institute
specifically for use by NIOSH in conducting evaluations of atmospheres
containing epichlorohydrin (3). Analytical services .rere provided by the
Kettering Laboratory of the University of Cincinnati. SKC (SKC, Inc.,
Environmental Science Division, P.O. Box 55, Venetia, Pa., 15367)
charcoal adscrption tubes were used for all samples. The air sampling
pumps ...,ere SKC Nodel 222-351 Air Check Personal Pump and DuPont (E.!.
DuPont de Nexours & Co., Inc., Applied Technology Division, Wilmington,
Delaware, 19898) Model P-200 Constant Flow sampler.

STUDY LIMITATIONS

This industrial hygiene study represents a one. point in time evaluation
of exposures to epichlorohydrin and therefor~ does not reflect possible
variations i::. exposure due to seasonal or· operational changes. A..'1
attempt was made to evaluate exposures for each job type during all work
shifts. These studies wer~nade during a period of normal productidn
procedures; if an emergency or abnormal situation. occurred during the
work shift, the higher exposure level should be reflected in the. sample.
Encountering an emergency during production in a short sClmpling period
was remote j therefore, the resul ti r.g exp,osure measurements are considered
to represent the normal operating conditions. .
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Generally, thes<h':lples also do not reflect exposures during maintenance
operations. Routine maintenance.' is usually accomplished at specified
times during the year. On these occasions, safety pr'ocedures which are
designed to minimize exposure are follo~ed. However, on-strea~

maintenance may result in significant short term ~xposure unless very
strict emergency procedures are used. When such operations were
scheduled during the s~~pling period, exposu~e measurements were included
in the sampling scheme. Whenever there were potential significant
exposures to other chemical agents associated wHhepichlorohydrin these
were also evaluated.

RESULTS OF THE STUDY

... Glycerine Unit D 1

A summary of all atmospheric samples for glycerine unit ~1 is shown in
Table 2 .

. Control A Operator

Thre'e samples were taken for this job classIfication, one on each of the
shifts. Each w~s ~ full shiftsarnple and the results represent a
time-weighted average expcsure level (THA-p~m).

Table 3
Control A Operator Exposure Levels

·.S.hifJ;, p.a:te .Epiqhl0t;:.QC\ydr in AllyJ Chloride" Benzene
ppm ppm ppm

1 7/13/76 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 exposure may be less than the TWA since the Control A operator is
equipped with an or'g5.nic vap'or respirator-which should be used when there
is a suspected exposure to epichlorohydrin. The extent to which the
respirators were used was not deter~ined.

Control C Operator

Three samples were taken. for this job classification, one on each of the
shifts. Each was a full shift sa~ple and the results represent TWA
exposures. A major function of this job classification is process
sampling and analysis. While sa~pling~ the operator is required to wear
an organic vapor respirator. On two of the three shif~s the Control C
Operator was accompa.;lied by a trainee . Since they were performing the
same duties theex;Josure should have been approximately. the same which
...."as the case .\o:hen .basedon the sar!lpling data.
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0.38 0.24 N.D
N.D'~ N.D N.D
0.23 N.D N.D

0.33 0.68 N.D
N.D N.D N.D
0.39 0.11 N.D

0.41 0.11 N.D
N.D 0.26

0.17 0.3
0.1 0.17
0.14 N.D

N.D N.D
N.D N.D
N.D N.D

N.D.
N.D

0.28

Table 2

Summary of Atmospheric Samples for Epichlorohydrin and Allyl Chloride

Clycerin Unit #1

"

Atmo~pheric Concentration
(ppm)

Epichlorohydrin Allyl Chlorige Benzene

:f.'

2'.~:

~~

~(.i

\0-';

~.r
l
~

:1

:1

,I

'. "\~~n' "_",,!'~ ........:~I';"·n ... Tc"'C<
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Table 4
Control C Operator Exposjlre ;Lev,eIs

Shift Date Epichlorohydrin AUyl chloride Benzene
ppm ppm ppm

1 7/13/76 0.33 0.68, N.D. 1:
2 71 12/76 N.D. N.,0. N.D. ,

-:,

3 7/14/7,6 0.39 N.• D•. N.D. t.

Control C Trainee Exposure Levels

1 7/12176 0.41 o 0 ~'11

2 7~J2176 N.D. 0~26

Exposure may have been less than the Tt'lA since each operator was required
to wear an organic vapor respirator during sampling. A short ter)]] (20
minute) sample ~~s collected while one sampling circuit was made by the
Control C operator. The air concentration for this period was
non-detectable.

Shift Foreman

Three samples '.lere taken for this job classification, one each on the
lst, 2nd, and 3rd shifts. Each was ..ac

, full shift sample --and the results ..
repr8sent a TwA.

Table 5
Shift Foreman Exposure Levels

Shift

1
2
3

Date

7/13/76
7/12/76

,7/14/76

Epichlorohydrin
ppm

0.17
N.D.

0.14

Allyl chloride
ppm

0.03
0.17
N.D.

Benzene+
ppm.

. \

+ 'not determined

Pipefitters

On July 15, three maintenance wor,kers were repa1.rlng and serV1.C1.ng, a
condenser for the distillation colu~, which removed light ends from crude
epichlorohyc!rin. During this operation: prodilctionof' epichlorohydrin was
continued and the product ...ras put into stol'~ge tanks, but the finishing
end of the process w~s closed down. The sample waS limited to the 5 hour
duration,' of the repair procedure. Before open.ing the condenser ,the
usual safety precaution were taken.
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Table 6
Pipefitters Exposure Levels

Shift Date Pipefi t tel'" IJ Epichlorohydrin Ally .Chloride
ppm ppm

1 7/15/76 1 -N .-0. N.D.
1 7/15/76 2 N.D. N.D.
1 7115/76 3 N.D. -N .'0.

Packaging

Packaging is an intermittent operation which depends. upon customer orders
forepichlo(ohydriri. Dur-ingthe time of the study no packaging
operations were s~heduled, howev~r, two special packaging runs were made
to assist in the sampling program. On Tuesday, July 14, a special
drUI!Zlling run was made which lasted four hours during which forty-three
535 pound drums were filled. On July 14, a 10,OOO"gallonrailroad tank
car was loaded in 3 hours and 10 minutes.

Table 7
Drumming Operator Exposure Levels

Shift Operator Epichlorohydrin
ppm

1 1 N.D.
1 2 N.D.

Tank Car Loading Operator Exposure Levels

1

Epoxy Resin Unit # 1

- 0.28 .

Epoxy resin ope:c'ators do not have an exposure to allyl chloride but do
have a potential exposure to methyl ethyl ketone, methylene chloride, and
toluene. A SU!l'.!!Jary of all sa!ilpling taken in Epoxy Unit #1 is sho",'Tl in
Table 8. .

-, .

,-
;
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Table 8

Summary of Atmospheric Samples for Epich1orohydrin and Other Contaminants

~

Epoxy III

Type or Atmospheric Concentration
... Date Duration Epichloro- (ppm)

CcHlected Shift Worker Samples of Sample hydrin MEK Methylene Chloride Toluene

7/13 1 Control B Operator TWA NoD NoD 1.0 6 08
7/12 2 " " " T\.JA NoD NoD 407 1.7
7/14 3 If If " TWA NoD NoD 704 006

"" 7/13 1 Control C Operation TWA NoD NoD 308 006
"" 7/12 2 " If If T\.JA NoD NoD 400 1.0

7/14 3 If " " TWA NoD NoD 1006 605

."- .
,,1~"{<;';" ;<"';~:-,.1;~""':*I""-"."~"" + c.....,· , ' ... ~.,.,.-.
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Table 9
Control B Operator Exposure Levels

Shift Date Epichlorohydrin MEK' Methylene Toluene.
ppm ppm Chloride ppm

ppm
1 . 7/13/76 N.D. N.D. 1.0 . 6.8
2 7/12176 N.D. "N.O. 4.7 1.7
3 7/15176 N.• O. N.D. 7:.4 0.6

Control C Op'erator Exposure Levels

1 7/13/76 'N. o.. N~D. 4.0 1.0
2 7/12/76 N.D. N.D. -3.8 0.6
3 7/'15/76 0.43 N.D. 10.6 6.5
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DATA ANALYSIS AND EV ALDATION

EVALUATION CRITERIA

The permissible concentration for ep~chlorohyd~in.is5 ppm or 19 ~g/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 a Recommended. Standard; , ,cOccLip'ationa:'l Exposure' to
Epichlorohyqrin pUblished by NIOSH, September, 1976, recommends a '3
permissible concentration for epichlorohycrih of O.5

3
Ppm C1. 9mg/m, )as

a THA ylith a ceiling concentration of 5 ppm (19 mg/m ) for a 15 minute··
period during the work shift (6). PermissibJe ,c0t:lcentr:-ation for allyL
chloride is 1 ppm (4). .

EVALUATION OF EXPOSURES

Glycerine Unit #1

Based on these data it is apparent that all exposures are well below the
present permissible concentration of 5 ppm for·epichlorohydrin. .A.I!.

analysis of the exposures is shown in Table 10.

TablelO
Distribution of Samples by Range of Concentration of Epichlo:"ohydrin

Exp os ure P.cnge
pp:n

N.D.
0.1-0.19
0.2-0.29
0.3-0.39
0.4-0.49
0.5
Total

No; of Samples

13·
3
2
3
2

·0'·
2j

%of Total

56.5
13.0
8.7

13.0
8.7

,0.0
100:0

In terms of. exposure to allyl chloride the exposures were significantly'
closer to the permissible concentration of 1.0 ppm. ranging from
non-detectable to 0.68 Pp21 as shown in Table 11.

...
\
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Table 11

Distribution of samples by Range of Concentration of Allyl 'Chloride·

Exposure Range No. of Samples %of Total
ppm

N.D. 7 50
0.1-0.19 3 21.4
0.2-0.29 2 14.3
0.3-0.39 1 7.1
0.4-0.49 0 0.0
0.5-0.59 0 0.0
0.6"-0.69· 1 7 .1 .
0.7 .o· ·0.0·
Total TIr 100.0

Since the OSHA standard requires an .evaluation .of_mi~ed exposures, it is
necessary to consider the combined exposure for epichlorohydrin and allyl
chlori de. For this purpose the potential exposure to henzene' was_
excluded since all wer-e non-detectable or. at the lower limit of the
analytical l7lethod. Mixed exposures were consider-ed' to have possible
significance in four case~:

Case 1 Epichlorohydrin 0.33 ppm allyl chloride 0.68 Jppm
Case 2 Epichlorohyd!'in 0.41 ppm allyl chloride O. 11 ppm
Case 3 Epichlorohydrin 0.38 ppm 'allyl chloride . 0.24 ppm
Case 4 Epichlorohydrin 0.17 p-pm . allyl chltlride 0.30 pp:n

..Using the mxed exposure formula C1. + C2 = 1
the following exposure

indexes were
Case 1
Case 2
Case 3
Case 4

developed for the above cases:
0.746
0.192
0.316
0.334

For .all exposures toepichlorohydrin and allyl chlori.de the mixed
expo~ure index did riot exceed 1, but one ~xposure ~pproached the limit
with a 'value of 0.75.

The NIOSH criteria document for epichlorohydrin proposes a permissible
concentration of 0.5 ppm TWA with a ceiling limit of 5 ppm for 15 minutes
(6). Based on the d2.ta collected in this study, all 'rr'lA' s were less than
the proposed TWAj ho·....eve!", the .data will not permit an assessment of the
ceiling concentration. The probability of having exceeded the ceiling
limit,. h.owever, can,be deteroined from the TWA.
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.. If the concentration had been at the ceili-ng for 15 minutes, the daily
dose contributed by this· exposure wouid have been 1.:25 ppm hours.
Therefore, any daily dose in ,excess 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 dany pose was
less than 0.8 ppm hours. This represented 56.5% of all sam-pIes. Ata.
TWA of 0.2 ppm it would have been possible to have had an exposure of 15
minutes at 5 ppm since the total daily dose was slightly in excess of the
permitted dose at the ceiling concentration (1.6 ~pm 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 ceiling concentration being exceeded is almost zero. By pursuing
this logic throughotherTT,.,rA concentrations it is apparent'that there is'
only a slight probability of the ceiling value being exceeded at 0.3 ppm
T'tlA. There is a greater probability, however, when theT'rlA is 0.4 ppm or
·greater.

In terms of mixed exposures, however~ the index could have been exceeded
if the~perrnissible concentration for epichlorohydrin had been 0.5 ppm,
the level of the proposed standard. Using. the four cases previously
developed, the mixed exposure would have been exceeded in two of the four
cases and very close to1 in anothe~ case.

Case 1
Case 2
Case' 3
Case 4'

1.34
0.93
1.0
0.64

Epoxy Resin Unit D1

All operator exposures in epoxy resin production were significantly less
than the permissible concentration for epichlorohydrin, MEK (PC 200 ppm),
methylene chloride (PC 500 ppm), and toluene (PC 200 ppm). In all cases
the mixed exposure index is far less than 1. In one case it is possible
that the proposed ceiling concer.tration was exceeded (Epoxy Control C
Operator for the third shift on july 15).
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"CONCLUSION S·· A.~D RECOI1-~;::NDATION S

'Measuredexposure levels are less than present standa-rds.· However ,the
company ,shou1d ,maintain its present surveillance "program and continue to
test' the control sys~ems for deficiencies.

Should the per1nissible concentra tionofepic1iloroliy'drin be loweredto'~O'.5
ppm. with .a qeiling ccncentl"ation of 5 pp:n for 15 minutes the process'
wou:ld still be "in cospliance for epichlorchy:drin except that on occasions
it may be possible for the ceiling concentration to be exceeded.

The exposure to al~yl chloride, however, presents a problem since some
exposures to this substance are close to the permissIble" concentratio,n "
and at present concentrations the exposure index for a mixture' of allyl
chloride and epichlorohydrin will be exceeded on occasions. For this
reason the company should explore methods for reducing the exposures to
allyl chloride. Although levels found in this"~tudy ~re ~ithin existing
Federal Standards, there exists the potential for acute irritant health
effects. The NIOSH recomended standard for epichlor.ohydrin has been
lowered and the combined irritant effect rnay.present health pro"ble8s.

,,
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NOTE: High values for allyl chloride cou~d possibly be due to acetone interEere~c"e·.
". An.31yticd 1 technique' has be~n correc ted •.

-\ . ,.
oJ, Represerits potenti~l exposure. Operators wear protective ~qu~p~ent du~lng

iarnpling op~r~tions rind process tipse~s. - ' .

...
...

Avg. rE;~rese!1 cs n uIT'.erical average be hleen hi gh and lc~'" va.l u,e, "not tJ1e time
wefghc~d ~veraq~. - . ,.
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