NATIONAL PETROLEUM REFINERS ASSOCIATION
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SUITE 802 1725 DESALES STREET NW WASHINGTON D € 20036
TELEPHONE 1202 538-3722

PAT R WRIGLEY
DIRECTOR. INOUSTRIAL RELATIONS & SaArKTY

T0: Refinery and Petrochemical Plant Safety Directors
NPRA's Fire & Accident Prevention Committee

FROM: Pat R. Wrigley

We have enclosed for your information a copy of OSHA's Recommended

Guidelines for Contrel of Occupational Exposure to Benzene.

- We have also enclosed a copy of the Department of Labor press release

dealing with the Guidelines.
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OSHA ISSUES GUIDELINES ON BENZENE EXPOSURE

Guidelines that would limit worker exposure to benzene have been issued by
the Labor Department's Occupational Safety and Health Administration {QSHA).

The guidelines recommend that worker exposure to benzene in the air not
exceed an eight-hour time-weighted average concentration of une part per millicn
(ppin) in any eight-hour shift of a 40-hour week,.

The gquidelines, which are not legally binding, call for preventive steps in-
volving monitoring employee exposure levels, medical surveillance, employee train-
ing, respiratory protection, protective clothing, good personal hygiene, and fire
and safety precautions.

0SHA has sent copies of the guidelines to the American Petroleum Institute,
Organization Resources Counselors, Inc., various unions, and the Manufacturers'
Chemists Association for dissemination to constituent groups and others,

In issuing the quideiines, Assistant Secreta.y Morton Corn said, "The toxic
and flammable properties of benzene plus its wide use in industry combine to make
it a major occupational health hazard. Voluntary compliance with these nan-
mandatory quidelines will further the gverall objective of 0SHA--to assure safe
and healthful working conditions."

Or. Corn also noted that the issuance of the guidelines “does not alter our
intention to continue enforcing current standards."

0SHA's guidelines constitute an interim measure until a revised stanaard for
benzene can be promulgated. The guidelines do not supersede, however, OSHA's

-MORE -
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2an «Tory renuirements concerning benzene.

nAar the sresent standard, the permissible exposure limits to benzene are

© e1o-7-ngur time-weighted average concentration of 10 ppm and a ceiling con-
centra: on of 25 ppm except for a maximum peak up to 50 ppm, or whatever limits
1.2 22t by a ccate agency in a state with an approved safety and health plan.

1f employee exposure is in excess of permissible Timits, the employer must
impiemant feasible engineering or administrative controls. Such controls must be
implemented evz2n i€ they do not completely reduce exposure to permissible limits.
Jdnly when all feasible controls have been implemented, and the level of benzene
still exceeds permissible limits, may an employer rely on a respiratory protection
Jroaram.

Tne Mational Institute for Occupational Safety and Health (NIOSH)} announced in
August 1376 that available evidence that benzene is leukemogenic is conclusive.
NIQ0SH recommended, therefore, that /or reaqulatory purposes henzene be considered
carcincgenic in man.

Based on available evidence, NIOSH has recommended that the permissible ex-
posure 1limit for benzene be Towered to a two-hour time-weighted average concentration
of 1 ppm in air. OSHA currently is considering this recommendation.

For a single, free copy of the guidelines, write to B.K. Kwon, Room N3603,
J.S. Department of Labor, 3rd St. and Constitution Ave., N.W., Washington, D.C.
2021C. '
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1725 Delcles Strec, i, i
Washington, D. C. 20036 WASHINGTON, DC 20210

Othce of the Assistant Secretary

U S. DEPARTMENT OF LABOR

Qccupational Safery and Health Admunistration

%,

ki

&

by\v"“ O¢a

January 4, 1977

Dear Sir:

The nature of work at your establishment indicates to the Occupational
Safety and Health Administration (OSHA) that benzene may be used in your
operations. As you know, the present permissible exposure limits to
benzene are an 8 hour time-weighted average concentration of 10 parts

per million (ppm) and a ceiling concentration of 25 ppm except for a
maximum peak up to 50 ppm for a maximum duration of 10 minutes in an 8
hour shift, or limits set by a state agency whenever a state administered
Occupational Safety and Health Plan is in effect. If the employee expo-
sure is found to be in excess of the permissible limits, you must implement
feasible engineering or administrative controls or maintain an effective
respiratory protection program should such controls be found infeasible.
The National Institute for Occupational Safety and Health has recommended
that the permissible exposure limit for benzene be lowered to a 2 hour
time-weighted average concentration of 1 ppm in air. This recommendation
is currently being considered by OSHA.

As an interim measure until such time as a complete standard is promulgated

we are forwarding herewith recommended guidelines for protection of your
employees against the risk of disease or injury resulting from exposure

. to benzene, These recommendations involve preventive steps of monitoring

employee exposure levels, medical surveillance, employee training, respi-
ratory protection, protective clothing, good personal hygiene, and fire
and safety precautions which should ensure a reduced health risk for those
of your employees who engage in operations involving benzene. The issuance
of these guidelines does not alter our intention to continue our compliance
activicies,

The toxic and flammable properties of benzene plug its wide use in our
nation's industries combine to make benzene a major occupational health
hazard. Therefore, voluntary compliance with the enclosed nonmandatory
guidelines would further the overall objective of the Occupational Safety
and Health Act -~ to assure so far as possible, safe and healthful working
conditions.

Your cooperation in this macter is greatly appreciated. Protection of
your employees from oyerexposure to benzene is, I am confident, our common
goal.

’
r

, /
- /// 4/ oy/

Conc lin
Deputy Assistant Secretary
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From:

MRRA | Quite "o
Guidelines for Control of Occudational Exposure 11&3 wiwinws &u'e. ',
to Benzene Washington, D. G 20036

I~ accordance with the Occurational Safety and Health Administration's
(OSHA) standard for air contaminants (29 CFR 1910.1000,Table 7-2)

=2moloyee exposure to benzene shall not exceed the vermissidble exposure
limits of an 8 hour time-weighted average concentration of 10 parts oer
million (vpm) and a ceiling concentration of 25 pom, except for a maximum
oeak uv to 50 com for a maximum duration of 10 winutes in an 8 hour shift,
or a limit set by a state agency whenever a state administered Occuvational
Safety and Health Plan is in effect.

The first mandatory requirement is that emoloyee exwosure to benzene above
the cermissible exposure limits be eliminated through the implementation
of feasible engineering controls. Such controls must be implemented even
if they do not completely reduce exposure to permissible exvosure limits.
After all such controls are implemented and if they do not sufficiently
reduce levels of benzene to or below those listed in Table Z-2, each em-
oloyer must rotate his emoloyees to the extent possible in order to reduce
exposure. 0Only when all feasible engineering or administrative controls
have been implemented, and the level of benzene still exceeds permissible
axoosure limits, may an employer rely on a respirator orogram pursuant to
the mandatory requirements of 1910.134. 1In addition to 1910.1000 and
1910.134 the following standards must be met where employees are exposed
o benzene: If skin or eye contact with benzene may occur, the reguire-
ments of 1910.132 and .133 must be met., Where employees wear protective
clothing, clean change rooms shall be orovided in accordance with 191J.141
(e). ©No emoloyee shall be allowed to consume food or beverages in any area
where ailrborne concentrations of benzene are above the vermissible exposure
limits in accordance with 1910.141(g)(2). Inasmuch as benzene is a Class
I8 flammable liquid, storage and handling oractices must meet the reguire-
ments of 1910.106., Locations where benzene may be present in quantities
sufficient to oroduce exnlosive or ignitable mixtures are considered Class
I Groupn D and must conform to the requirements of 1910.309. 1If there is
no standard which addresses a recognized hazard, which is likely to cause
death or serious physical harm to employees, Section 3(a){(l}) of the Act,
the general duty clause, may apoly.

In August 1976, the National Institute for Occupational Safety and Health
(NIOSH) announced that it considers the accumulated evidence from clinical
and evidemiological data to be conclusive at this time that benzene is
leukemogenic. On the basis of this evidence, NIOSH recommended that, for
regulatory purvoses, benzene be considered carcinogenic in man and that
eXposure to benzene be lowered to a two hour time-weighted average con-
centration of 1 ppm in air, as determined by an air samvle collected at
one liter per minute for two hours. Due to the information supplied by
NINSH, OSHA strongly recommends that exvosure to benzene in air not ex-
ceed an eight hour time-weighted average concentration of 1 opm in any
eight hour shift of a 40 hour week,
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“ne following recommandations are made tc ensute that employes @xDosSure
~n menzene i cantrolled to a time-welghted average concentreticn of

i amm, Hometrer, tha mandatory QS5PR raguirements remais in effect and
TLuzo oo mes fn tiese guldelines che mandatorv reaquirements are identi-
“Lad o ww o otnzoaznilable DSIA regulation numoar,

WM IT, eI
a. sach emniovor Wwho has a place of employrent in which benzene is
am-unrtionally produced, react~2. taleased, packaged, revackagesd,
Lransoanya?, stnred, nendled, ¢ uTed Shoulld ingpect sach work-
nlecy »rd work r~peration to determine if any emoloyee may he ayx-
nngal ta banzane &% or ~Above o time-weighted average concentration
oF o @ Lo repe2ted svin contect wisth liguid benzene. As soon
=8 ¢f benzene axpaosrira Have been identified, the emplaver
J S TUCch AS Po0ssinie tha numorr nf peopie entering
s. IrAicaters that an eveluaticn ol employee expoiure
= ‘indevraken would include:

spv information or rbservacrions which would indicate emplo-~
son 2xT0SUurAe Lo benzene;
{14, fAany neasurenant of airborne noncentrations of benzane abave
=z time-weichced 2verrage cancentration of 1 ppm.
fiY rpw 2z loyee cowmdialints of synptoms which mav be attributable
L 2UTNdL e 1o henrzene; anAd
{ivy  any :codugtion, proless, r control change which may resulrn
in ar ipcraare in the airhorne concentration of benzene, or
wheasver the emolcvar has ary other reason tc suspect an in-
craaza in the airdorne concantrations of benzene.

b, 3r Monitoring

13 Emulovae 2xposure neasuremenrts should reoresent the actual
~tnatiaing ~are 2xgssure conditions fotr each emplovee. Any
achrosriate ~ombingtion of lona-~term aor short-term samplas
wov T A ha accantabla, hut Leot2l samnling time should not De

2535 than 7 hours 'hen deterrining the time-weighted averaqe

cxnEnra of amoiovees

il Aohuracv ¢ Poasuv-mment.  The method »f nonitoring and ana.v-
sis ¢honid nave an eccurany. ¢ A confidence level of 93%, o!
no* lzs3 than olus o~ minus 158% for concentrations of benzene
enual o ¢t orsabnnr thae 2 Lime-weighted avetrage coacentTo ..t

som {(Gnn reihnd of ~nalvsis meeting :this Acnhurac” regs.re-
mact ia availa™Ta in the YIT3SE Maaual of Analvhical Methoste,
Soramamen: Dointine Offjee L foct ¥, 1TA3-3004L1.  Fer pce-’
Limirary farge finding tests, IJIOGH carzifind dele~tor “ures
withh &n eccuracy of olus or ninus /5% may be used.
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(ili) Frecuency of Monitoring. Where tne emcloyer has detervines
that employees are exposed to benzene in excess of a tire-
weighted average concentration of 1 oom, monitoring should
reveated guarterly. If opiclogical monitoring is done, i+
should be scheduled to coincide with air monitoring.

-~
ce

2. MEDICAL SURVEILLANCE

Each emplover should iInstitute a medical survelllance vrogram for all em=-
plovees who are or will be exposed to penzene above a time-weighted averaags
concentration of 1 pom. The emplover should nrovide each emnlovee with an
ocvoortunity for medical examination, verformed by or under the supervision
of a licensed ohysician, during the emolovee's normal working hours or at
svecifically assigned hours designated on the basis of nhysician avail-
ability, without cost to the employee.

a. Medical Examination

(1) Each employver should nrovide a medical examination which in-
cludes a complete medical history and ohysical examination,
a complete blood count, urinary phenol evaluation, and serum
bilirubin evaluation to each employee exposed to benzene in
excess of a time-weighted average concentration of 1 pom.
(a) A complete history should include vast work exposures

to benzene or any other hematoloaic toxins, a history

of blood dyscrasias including genetically related hemo-
globin alterations, bleeding abnormalities, abnormal
function of formed blood elements, a history of renal or
liver disfunction, alcoholic intake and systemic infec-
tions.

(b) A complete blood count should include: hematocrit, hemo-
globin determination, mean corvuscular volume, white blood
cell count including a differential count, and a vlatelet
estimation of the differential slide.

(ii) Medical examinations should also be made available:

(a) To employees prior to their assignment to areas in which

airborne concentrations of benzene are above a time-weiahted

average concentration of 1 opm;

(b} At least biannually for each employee exposed to airborne
concentrations of benzene above a time-weighted average
concentration of 1 ppm at any time durina the precedina
six months;

{c) Immediately, upon notification by the emoloyee that the
employee has develoned signs or symptoms commonly associ-
ated with chronic exposure to benzene.

(d) At least monthly for each employee who shows alterations
in combonents of the blood. This schedule should continue
for at least three months or until there is evidence of a
return to normal values.

-3-
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1 Where medical examinations are verformed, the employer should
orovide the examining physician with the following information:

) The reason for the medical examination reguested;

) A description of the affected employee's duties as they
relate to the employee's exvosure;

{(c) A description of any personal orotective equipment used

or to te used;

{
(

(6 2 V]

{d) The results of the emvloyee's exposure measurements, if
availabple;

(e) The employee's anticipated or estimated exvosure leavel;

(f) Upon reguest of the physician, information concerning

orevious medical examination of the affected emvlovee.

3iological Monitoring. Biological monitoring should be scheduled to
coincide with air monitoring. By so doing, the route of entry and/or
the source of exposure to benzene may be indicated if not already ao-
parent.

(1) Recommended Method
Urinary phenol analysis should be the method of biological
monitoring used. According to presently available literature,
the urinary ohenol evaluation is a method to determine dose
when exposure to benzene is in the range of a time-weighted
average concentration of 10 opm or greater. Since the liter-
ature supporting this ovinion is limited, OSHA also recommends
the use of this method where exoosure levels are in excess of
a time-weighted average concentration of 1 ppm. Data generated
by such testing may clarify the effectiveness of the urinarv
phenol evaluation as an indicator of exposure to benzene. A
nethod of analysis for ohencl in urine is described in the
Annals of Qccupational Hygiene, 1970, Volume 13, po. 125-146.
An automated method wnich determines total ohenol in urine and
allows for the analysis of a large number of samples per day
is described in the American Industrial Hygiene Association
Journal, June 1972, pp. 378-381

For the analysis, 100 milliliters of urine having a specific
gravity of at least 1.010 should be collected as close to the
end of the working day as possible. For the best assessment

of the work related absorption of benzene, the following factors
should be considered since they can contribute to a high urine
phenol level:

{a) The foods or beverages consumed which are likely to increase
the total bodily production of phenol, such as but not limited
to foods or beverages of the grape family.

() Any medications or drugs, esvecially phenobarbltal. taken with=
in the orevious 24 hour veriod.

(c) Non-work related exposures to benzene which occurred within
the previous 24 hour oeriod.

(d) Recent exoosure to biphenyls.

-4~
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(11)

111)

Freguency of Monitoring

(a)

(D)

If possible, a urine samole should be obtained of all emoiosvess
orior to assignment to areas where benzene in air concentrarionns
exceed a time-weighted average concentration of 1 oom.

For employees exvosed to more than a time-weighted average con-
centration of benzene in air of 1 opm, urine samoling and anal-
vsis should be done every three months.

Tach emolovee whose urinary vhenol level exceeds 73 milligrams
oper liter should be orovided, within one week of the receipt of
the results, with two follow-up urinary phenol evaluations ner-
formed on two samples taken on the same day, cne as close to rhe
beginning and one as close to the end of the working day as vos-
sinle., If the original elevated finding is confirmed and aovears
to pe due to occupational exposure to benzene, the emoloyee’'s epx-
posure to henzene should be reduced.

Each empoloyee whose urinary ohenol level exceeds 75 millizram
per liter should be examined by a physician as soon as oract:.
after such absorption is demonstrated and confirmed, and at 1
montnly thereafter or more frequently as deemed necessary by =:n
physician until the urinary phenol levels have returned to celow
75 milligrams per liter.

Elevated Grouo Levels

(a)

The results of employee urine samwling should also be consider-
ed as a grouo exposure by area of assignment and/or by job de-
scriotion. E£levated group urinary phenol levels should be a
cause for review of overational practices, process controls, and
a change in either or both to reduce employee exposure.

If several employee urine samples from the same area of assian-
nent indicate excessive urinary phenol levels, corrective a<s. n
in the area should be started by the employer immediately.

Physician's Written Opinion

(1) The employer should obtain and furnish the employee with a writte~
opinion from the examining physician containing the following:

(a)
(b)

(c)

(d)

The signs or symptoms of benzene exposure manifested by the
employee, if any:

The ohvsician's ovinion as to whether the emoloyee has any
detected medical condition which would place the employee's
health at increased risk of impairment from exposure to
benzene or other substances or which would directly or in-
directly aggravate any detected medical condition;

Any recommended limitation upon the employee's exposure to
benzene or other substances or upon the use of personal
protective equipment and respirators; and

A statement that any medical condition which has been dis-
covered as a result of the examination has been called to
the employee's attention for further examination or treatme-:’

(ii) The written opinion obtained by the employer should not reveal

MC

specific findings or diagnoses unrelated to occupational expos.re

to benzene or other substances.

-5~

p 000013028



(il

3. TRAINING

a. Tach

If the emnloyer determines, on the basis of the ohysician's
writcen ooinion, that any emplovee's health would be materi-
ally 1mpaired by maintainina the existing exposure to benzene
or other substances, tne employer should place svecific limi-
rations, based on the vhysiclian's written ooinion, on the em-
cloyee's continued exposure to benzene or other substances.

employer should orovide a training orogram for emoloyees as-

signed to workvlace areas where benzens is oroduced, reacted, re-
leasesd, nackaged, revackaged, transported, stored, handled, or used.
b. The training program should be provided at the time of initial as-
signment and at least annually thereafter.
c. The employer should:

(1)

(ii)

(ii1)

(iv)

{v)

(vi)

(vil)

(viii)

(ix)

Inform employees who work or will be working with benzene of
votential health hazards:

Advise employees of the signs and symtoms of exposure to benzene
described in the aopendix and instruct employees to advise the
employver of the development of such signs or symptoms.

Inform employees of the specific nature of operations which could
result in expvosure to benzene above a time-weighted average
concentration of 1 pom, as well as safe work practices where
benzene is produced, reacted, released, vackaged, repackaged,
transoorted, stored, handled or used;

Instruct emvnloyees in proper housekeeving practices:;

Inform employees of the correct emergency procedures to be fol-
lowed in case of spills, leaks, or fire, and the versonal oro-
tective equipment necessary in emergencies:

Inform emonloyees of measures necessary to ovrotect them from
exposures in excess of the permissible exposure limit. The
wearing and turning in of orotective clothing should be stressed;
Instruct employees as to the purpose of respirators.

Provide employees with a description of and explain the purovose
for the medical surveillance program;

Inform employees where written nrocedures and hazard information
are available on the premises.

d. Pursuant to 1910.134(b)(3) the users of respirators shall be
trained in their proper use and limitations.

4. RESPIRATORY PROTECTION

a. Respiratory Protection Progqram. Engineering controls shall be
used to maintain employee exovosure to benzene within the per-
missible exposure limits in Table 2~-2. (1310.1000(e)) While
engineering controls are being implemented or when employee
exposure to airborne concentrations of benzene cannot be fully
reduced by feasible engineering or administrative controls, an
employer shall utilize a orogram of respiratory protection to
protect every employee exposed. (1910.134(a) and 1910.1000(e))

-6-
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b. Resplrator Selection and Usade

(1) When respirators are used their use shall comply with the
requirements of 1910.134. (1910.1000(e)) Only those re-
spiratory protective devices which have been approved bny
the Bureau of Mines, the Mining Enforcement and Safety
Administration or the National Institute for Occupational
Safety and Health under the provisions of 30 CFR Part 11
snall be used. (1910.134(b){(11})

(11} The employer should select and provide an ampropriate
respirator from the table on the next page,

(iii1) A respirator specified for use in higher concentrations
of airborne benzene may be used in atmospheres of lower
concentrations.

{iv) Emoloyees experiencing frequent or continuous breathing dif-
ficulty while using respirators should be evaluated by a phy-
sician to determine the ability of the worker to wear a re-
spirator.

(v) Employees who wear resplrators in a hot environment should
be allowed to leave work areas to wash the face and respirator
facepiece to prevent potential skin irritation associated with
respirator use.

(vi) When employees are exposed to other toxic substances in
addition to benzene, appropriate combinations of respi-
ratory protection shall be provided. (1910.134(b)(2))

¢. There should be an established in-plant procedure and means and
facilities provided to issue respiratory protective eguipment, to
return used, contaminated equipment, to decontaminate and disin-
fect the eguipment, and to revair or exchange damaged equipment.

2. PROTECTIVE CLOTHING

a, Employers shall provide and require employees to wear orotective
clothing and gloves, or any other appropriate protective equip-
ment deemed necessary to prevent skin contact from repeated
spills, splashes, or sprays of liquid benzene. (1910.132(a))

It is recommended that such equipment be imvervious to benzene.

b. The employer shall provide and regquire employees to use splash
proof safety goggles where eye contact with benzene sprays or
splashes may occur. (1%10.133(a){(1l))

¢. The employer should provide and reguire employees to use full
length face shields (eight inch minimum) where the employee's
face may be splashed with liquid benzene.

d. Employers should ensure that any permeable clothing heavily con-
taminated with benzene be removed immediately and not reworn until
the benzene is removed from the clothing.

e. The employer should launder, maintain, and/or dispose of all heavily
contaminated protective clothing or heavily contaminated personal
clothing discarded by employees.

-7
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YETTIMMINDATICNS ©0

R RESPIRATOR USAGE AT 3ENZENE CONCENTRATIONS GREATER
TonAN 1 PPM

T nc2mtration of Benzene
2r Condition of Use

Less than or eqgual
to 19 ppm

Less than or egual
to 50 ppm

Less than or egqual
to 1000 ppm

Less than or egual
to 2000 ppm

Less than or equal
to 10,000 ppm

Entry into unknown
concentrations or
Fire Fighting

Escape Only

Respirator Tyoe

{1)

(1)

(2)

(4)

(1)

(1)

(1)

(2)

(1)

(1}
(2)

Chemical cartridge respirator
with organic vapvor cartridges
and half mask.

Any supplied air respirator
with half mask.

Chemical cartridge resvirator
with organic vapor cartridages
and full facepiece.

Any supplied air respirator
with full facepiece.

Any organic vapor gas mask.

Any self-contained breathing
apparatus with full facepiece

Supplied air respirator with
half mask in positive pressure
mode.

Supprlied air respirator with
full facepiece helmet or hood
in positive pressure mode.

Supplied air respirator and
auxillary self-contained
breathing aprvaratus with
full facepiece in positive
pressure mode.

Open circuit self-contained
breathing apparatus with
full facepiece in positive
pressure mode.

Open circuit self-contained
breathing apparatus with full
facepiece in positive pressure
mode.

Any organic vapor gas mask.

Any self-contained breathing
apparatus with full facepiece.
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6. PERSCNAL HYGIENE FACILITIES AND PRACTICES

a. All food, beverages, tobacco products, and unapplied cosmetics should
be prohibited in areas where airborne concentrations of benzene are
above a time-weighted average concentration of 1 pem.

2. Wnere the eyes of an employee may be exposed to liquid benzene,
suitable equipment for drenching or flushing the eyes with water
should be provided in the immediate work area for emergency use.

¢, The emoloyer should ensure that an employee whose face or extre-
mities become wet with liguid benzene promptly washes to remove any
penzene from the skin.

d. Where the body (other than face or extremities) of an employee may
become wet with liquid benzene, the employer should orovide showers.

e. When feasible, an eyewash fountain and emergency shower should be
available in the same location for emergency use.

f. Where employees wear protective clothing, clean change rooms shall
he provided in accordance with 1910.141l(e).

7. FIRE AND SAFETY

a. Liauid benzene is classified as a Class IB flammable liquid and
its vapor may form explosive mixtures in air. Sources of ignition
such as smoking or oven flames shall be prohibited where benzene
is used or stored. (1910.106(b),(d),{(e),(f),{(g) and (h))

b. Benzene should be stored in tightly closed containers in a cool
area.

c. Benzene storage areas shall be well ventilated. (1910.106(b),
(d),(e), and (£))

d. Benzene containers should be grounded prior to opening.

e. Benzene containers shall be electrically interconnected to the
receiving container prior to pouring. (1910.106(e),(£f), and (h))

f. Non-sparking tools shall be used when opening or closing benzene
containers. (1910.106(b),{(e), and (h))

g. High exposures to benzene can occur when transferring the liquid
from one container to another. Such coperations shall be well
ventilated (1910.106(f)) and good work practices should be estab-
lished to avoid svills.

h. Spills of benzene should be cleaned up immediately after eliminating
potential sources of ignition and providing available ventilation.

i. Large amounts of water should be used to flush the areas where spills
have occurred.

j. Liguid benzene shall not be allowed to enter a confined space such
as a public sewer, because of the possibility of explosion.
(1910.106(b),(e),(£f),(g) and (h)) Sewers designed for chemical
waste are permitted.

k. Large volumes of benzene should be disposed of by atomizing it in
a suitable combustion chamber or by absorbing it in dry sand or
earth and disposing it in a sanitary land fill.

1. Rags contaminated with benzene should be temporarily stored in
tightly closed containers.

m. The local fire department should be informed of the exact location
of the storage areas and the hazards in case of fire.

-9-
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A written Dlan for emeicency sSi
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raticns should pe develoged
s a possiolilty of a massive
nsive skin contact may occur.
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The plan should require:

(1)

{i1)

Employees engaged in correcting emergency conditions
o be orovided with the approoriate protective cloth-
1ng and respiratory orotective devices.

Employees not engaged in correcting the emergency to
be restricted from the area, and normal operations in
the affected area(s) not to be resumed until the
emergency 1s abated.

{i11) A local alarm system to be installed and maintained

(iv)

{(v)

(vi)

to promptly alert empleoyees that an emergency situation
exists.

Equinment for gquick drenching or flushing be avail-
able for employees who have svlashed benzene in their
eyes.

Emoloyees who have had a large amount of benzene spilled
on their clothing or skin to remove any contaminated
clothing and to immediately wash the exposed skin with
large amounts of scap and water. <Contaminated clothing
should be washed before wearing again.

Employees who have inhaled benzene at high concentra-
tions to be removed at once to fresh air. 1If breathing
has stopoed, artificial respiration or oxygen should be
used, if indicated.

-10-



L.

IL.

CaARACTERISTICS OF 3ENZENE

Pnysical and Chemical Data

A. 3ynonyms: Benzol, benzole, coal naptha, cyclonexatilene,
pnene, pnenyl nyaride, pytobenzol. (Benzin, petioleum
oenzln, ana benzine do not contain benzene).

B, FoLmula: <C_d

L. Appearance ana odor: Benzene 1s a clear, colorless liquid
with a pleasant, sweet ocaot. The odor ¢of benzene does not
provide adequate warning of its hazard.

D. Boiling Point: (760 mm Hg): 80.1°C

E. Melting Point: 5.5°C (42°F)

F. specific Gravity (water=l): 0.379

w. vapor Density {air=1): 2.7

. vapor Pressure at 20°C (68°F): 75 mm Hg

I. Sclubility in Water: .06% - .08%

J. Evaporation Rate (ether=1l): 2.8

Fite and Explosion Hazard Data

"A. Flash Point {(closed cup): =11°C (12°F)

B. Autoignition Temperature: 580°C (l076°F)

C. Flammable Limits in Air, % by Volume:
Lower: 1.3% Upper: 7.1%

U. Benzene is classified as a class I8 flammable liquid for
the purpose of conforming to the regquirements of 2% CFR
110,106, Class I3 includes liguids having a flashpoint
pelow 73°"F (22.87°C) and having a boiling point at or above
100°F (37.87°C).

E. A benzene concentration exceeding 3250 ppm is considered
a potential fire ot explosion hazard. Benzene vapors are
heavier than air; thus the vapors may travel along the
ground and be ignited by open flames or sparks at locations
remote from the site at which benzene is handled. Locations
where benzene may be present in quantities sufficient to
produce explosive or ignitable mixtures are considered Class
I Group D for the purposes of conforming to the requirements
of 29 CFR 191u.309.
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lose conscliousness. CONVULSLONS aNd LLemols OICul Itegudenziy,

ang ueatn may foilow from resplratoty paralysis oOv cictcalacory

collapse in a few minutes to several nours following severe ex-
posuLres.

Prolonged exposure to small quantities of Lenzene vapor
{caLonic exposure} i1s Of extreme 1mpoOLtance due to the
itteversible effects on tne plococd-formlng system. Tne
aevelopment of sucn effects i3 1ns1al0Uus 4s tney nave

ceen noted to OCCur at concentrations of penzene whicn

Day NOEL cause lrritation of mucous nembranes ot dny
unpleasant sensory effects. tkaitly signs ana symptoms

of pcenzene morpldity are vatled, vague, ana not specitic

for penzene exposure. Suojectlve complaints of neaaacne,
Jdizzlness, and loss of appetite may pLeceae OrL accompany
clinical symptomatology. Bleeaing from tae nose, gums, Ot
MUCouUsS mempbranes and the agevelopment 0f puLpuric spots may
OCCUL 4as the condition progiesses. Rapid pulse and low

blood pressure 1n auditlon to a physical appeatance of

anemia may accompany a subjective complaint of saortness

of pbteatn. Clinical evidence of leucopenia and anemia are
the most common abnormalicies reporteda, however, MaCcrocytosis
and thiromoocytopenia are also frequently present. The bone
J4LLOW may appedr normal, aplastic, or hyperplastic ana may
not in all situations correlacte with peripheral blood finaings
inaicating hypo- ot hyper-activity of blood forming tissues.
[here are great variations in the susceptioility to benzene
norbidity whicn prohibit the identification of a typical"
sloou picture. The effects of prolongeu benzene exposure may
appear several weeks or years aftet tne actual exposure

1145 ceased.
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RECOMMENDED METHOD OF BICLOGICAL MONITORING

The recommended method of biological monitoring is a urine analysis to
determine the concentration of phenol and its conjugates, sulfate and
slucutonide, in urine. It also determines orthocresol and meta and
caracresols. Urine 1s hydrolyzed with perchloric acid at 95°C, and
rhe phenols and cresols are extracted with isopropyl ether and deter-
nined Dy gas chromatography.

1. Collection of urine samples

"Spot" urine specimens of about 100 milliters (ml) are collec-
ted as close to the end of the workday as possible.

Afrer thoroughly washing their hands with socap and water, wor-
xers should collect urine samples from single voidings in clean, dry
specimen containers having tight closures and at least a 120 ml capa-
city. Collection containers may be glass, wax-coated paper, or other
disposable types if desired. Following collection of urine specimens,
1 ml of a 10% copper sulfate solution is added to each sample as a
preservative and samples are immediately stored under refrigeration,
preferably at 0-4 °C.

Refrigerated specimens will remain stable for approximately
90 days. If shipment of samples is necessary to perform analysis,

- the most trapid method available shall be employed utilizing acceptable
packing procedures as specified by the carrier. Proper identification
of each specimen shall include as a minimum, the worker's name, date,
and time of collection.

II. Analytical

A. Principle of the Method

Urine samples are treated with perchleoric acid at 95°C to hy-
drolyze the phenol conjugates, phenyl sulfate and phenyl
glucuronide, formed as detoxification products following ben-
zene absorption. The total phenol is extracted with diiso-
propyl ether and the phenol concentration is determined by
gas chromatographic analysis of the diisopropyl ether extrace.

B. Apparatus

1. Gas chromatograph with a flame ionization detector and
eguipped with a 5 foot x 3/16 inch column packed with 2%
w/w polyethylene-glycol adipate on Universal "B" support.
Operating conditions are as follows:

Column temperatucre 150°C

Detector. Flame ionization, 250°C
Injection point temperature 200°C
Carrier gas Nitrogen

Carrier gas flowrate 60 ml/min

MCD 000013037



2. Wacer dath at 95°C,

J. Glass-stoppered, 10 ml volumetric flasks

4. 1 ml, 2 ml, and S ml volumetric pipets

S. 5 microliter (ul) syringe

Reazents

1. Phenol

2. 15% Perchloric acid ( Perchloric acid can probably be
replaced with hydrochloric acid. The use of perchloric
acid should be avoided if at all possible.)

3. Diisopropyl ether

4. Distilled water

Procedure

1. Hydrolysis of phenol conjugates

Picet 5 ml of urine into a 10 ml, volumetric flask. Add

2 ml pverchloric acid, mix by swirling, and transfer the
lightly stoppered flask to a water bath at 95°C. After

2 hours remove the flask and allow to cool at roon tempera-
ture.

Pipet 1 ml of diisopropyl ether into the flask and adjust
the volume to 10 ml with distilled water. Shake vigorously
for one minute to extr~~7t the phenol and cresols. Allow the
agueous and ether layers to sepdrate.

3. Gas_chromatographic _analysis for phenol

Inject S5 microliters (ul) of the diisopropyl ether layer into
the gas chromatograph and record the attenuation and area of
the phenol peak. Under the conditions described, phenol is
eluted in 100 seconds, o-cresol in 130 seconds, and m- and

p- cresols in 320 seconds.

Standards Preparation

A 50 mg/liter standard agueous solution of phenol is prepared.
A 5 ml aligquot of the standard solution is then subjected to
the hydrolysis, extraction, and gas chromatographic analysis
descr ibed above.
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Reference:
Snerwood, R.J. ana F.w.G, CaLter.
Ine wmeasurenment of Occupartional Exposure tO benzene vapour.

Ann. vccup. hyg., vol. 13, pp. 125-146, 1970
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