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. thy ! ’Thls document also amends Table z-
Thls 29—Labor * ¢ . 55

[£
2 0f 23 CFR 19i0.i002 by addlng a
H cotnote which provides that benzene
CHAFPTER XVI--DCCUPATIONAL SAFETY AND " EXPOSures not covered by the new
HEALTH ADMINISTRATION, DEPARTMENT ofF 1 1D10.1028 a e still covercd by the ex-
LABOR - f.-.'§ oL leve! and other requgcmix(:s(gg

A 0.1000. Pursuant to section

PART 1910—OCCUPATIONAL SAFETY AND : “x:of the Aet, OSHA has celermined that
HEALTH STANDARDS . -y this ls more cifective than

Occwpational Exporurs to Benzens .-+ COFTeSPONding standards now applica-

+" % sble to the maritime and construction
AGENCY: The Occupational Safety

. ‘Industries ind current!y contalned in
and Health Administration, Depart- Subpart B of Part 1930, end Parts
ment of Labor, Ll

07T 1815, 1918, 1917, 1918 and 1026 oft'lI‘itIe

. o gt "29, Code of Federal Regulatlons,
ﬁg}ﬁgﬁ}ﬁﬁﬁ;““dm for thg_ ‘Therefore, those corresponding stan-
’ *’. .dards ere superseded by the new stan-
- -dards In §1910.1028. A new paregraph
(e) is added to §1810,10 10 clarify the
appleablity of this new benzene stan-

P

SUMMARY: This standard is based o
a determination by the Occupational
Safety and Health Administration
(OSHA) that the available scientific ‘dard to the construction and maritime
evidence establishes that employee ex.- © Industries, :
posure to benzene presel?ts a cancer - !q 4" 1255 LB
hazard—specifically, the hazard of de. nngwi ACKGROUND
veloping leukemia, Therefore, A i
cordace with GSHA's ropuintory ap. 25, DE22e08 (OBHE1 13 3 clea, clories
proach to the control of employee ex- - “a

- ‘With" a ‘'strong, rather pleasant odor,
posure to carcinogens, this standard <Benzene's Jow bowing point and high
limlts employee exposure to benzene }rvapor pressure cause it to evaporate
to the lowest feasihie level, In this CASE —~yppidly~+under ordinary ' atmospheric
1 part benzene per million parts of alr < condltions, giving off vipors nearly
(1 ppm) as an 8 hour time—weighted ~=thres times heavier than air,
average concentration, with a celllng__,'.-._.Bema B produced primarily by
level of 5 ppm for any 15 minute -‘éﬁg e cal and petrolewm re-
period during the 8 hour day. The fpceSyor et by n process called
standard elso prescribes Limits on eye .5 reformation, which converts
anqq;kln contact with benzene, '-'??v'ﬁ-.!gfpe'r_tdﬁ._, dWer oclane hydrocarbons

e standard provides for the mea- Zints-higher oclane aromaties These
surement of employee exposure, engi oo ynan 5T, O are responsible for 94
neering controls, work practices, per: : t'af the total U.S. production of
sonal protective clothing and equip-;;‘;ma-_, Recovery Lhr(.mgh catalytie
ment, signs and labels, employee traln—,.rmmn_ Including the be
Ing, medieal survefllance and record- X the hydroaikylaugiegi
keeping. . ... —— S inTaem unts for almost BO per-
EFFECTIVE DATE: March 13, 1578. _'_;;‘)f-centg'lpjjth? Lol?.ld qti\andt]ty pmdué’;d_
FOR FURTHER INFORMATION - Tteco¥ery of cozl-derlved banzene, pri-
] : - e, b roarllyas a by.product of t

CONTACT: - ﬂ'zzév'mw_é"'ln steel mills, was hoenggkltgg
Mr, Gall Brinkerhoff, Office of Com-"major source of benzene. Today, how-
plisnce Programs, OSHA;. Third seever, ¥ accounts for only 8 percent of
Street and Constitutlon Avenue - the bp':[u U.A. produetion.
NW. Room XN3112, Washington, “Sps Y
"D.C. 20210, telephone 202-523-8034. 3211 '—""p'o
SUPPLEMENTARY INFORMATION: »Aonipounds produced in 1976, oply
This permanent Occupational Saiehy_ﬁ_.ﬁigpﬂgmlgcmlcals and only one
and Health standard Is lssued Dursu~ o ced Tn t on lethylene) are pro-
ant to sectfons 6(b), 6(c) and 8¢c) of Fauced W;‘i‘ '-’; lonnage in the U.S;
the Occupational Bafety and Health BApproximat 7 88 percent of this ben.
Act of 1970 (the Act) (84 Stst. _1.'193.; 1‘9?” o '~Drodc efly as an {ntermediate
1596, 15399; 29 U.S.C. 655, 85T7), the Scc-‘_ﬁ__ -1?-‘15 anfUDn of other organle
rotary of Labor's Order No. 8-78 (41-‘._":,}‘-‘1“,’!:‘.“13 ; cluding styrene, phenol-
FR 25059) and 29 CFR Part 1911. The .a.nd‘"-._cyu L:;-nne. The remamning
new standard om oecupatlonal *XPO-] ount [ det pamanly In the manu.
sure to bencene which appears at 29 acture ‘; erRenls, pesticides, sol-
CFR 1910.1028, epplles to 211 employ- Tf.venu and paint removers, Benzene is
ment In all Industries covered by the ' also present as 2 component of motor
Act. For reasons set out below, the xfuels, Bveraging less than 2 percent in
standard does not apply to the disird-*> gasollhe.” .

1y
at

formmed from

- butlon or use of gasollne and other...-The it major Industriz) use of

“fuels, used as fuels, subseguent to dis-
-charge Irom bulk terminals: Moreover;:
.the standard applles- labelllng and

>=benzene, however, wag

the cxubber Industry Just *srocadine
sWorld War L Duning ‘Worig War Ig
~benzene production gag stimulated
i-.greatly by the demand for and result-

training requirements only to sealed, ’
Intact contalners of benzene. -
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: s production of benzena is rapidly ’
expang;ﬂl with approximately 11 bil-

Ing production of toluene in the manu.
facture ol explosives, The large quan.
tities of benzene which were produced,
resulted In Its more widespread use as
a starting point for the manufacture
of varipus organlc compounds, This
situetlon led to greatly increased uses
of benzene as a solvent in the artificla)
leather, rubber goods, and rotogravure
Industries.
Industries and processes currently
using benzene Include the chemlecal,
printing, lithograph, rubber cements,
rubber fabricating, paint, varnish,
stain removers, adhesives, and petro-
leum Industries. Benzene i3 also- used
- extensively in chemical labaratories as
2 solvent and 25 a reactant In numer-
ous chemlcal applications. Where ben.
zene s produced and used, in large
amounts, it.is generally wsad In en-
-closed systems, salthough exposures
cin occur during llquid transfer oper-
atlons, from equipment leakage and
carryover losses, end in maintenance
operations, .

IL HISTORY OF REGDLATION

Benzene hes been recognized as 1
toxic substance capable of causing
acute or chronic effects since 1600, In
1927, on the basls of extensive exami-
nation of exposed workmen and
anima) inhsalation data, Winslow ree-
ommended an exposure lmilt of 100
ppm for benzene (Ex. 158-3, Annex
D).* In 1934, partiaily as a result of
the fact that benzene toxicity In the
shoe leather Industries was a serous
problem in that state, the Massachu-
setts Department of Labor and Indus.
iries established a Divislon of Occupa-

—tional-Hygiene (Ex. 136-3. p. 2). Rely-
Ing on reports by Bowditch. Hunter,
Mallory and Elkins of cases of benzene
polsoning occurring at concentrations
below 100 ppm, the Massachusetts Di-
vislon of Oeccupational Hyglene re-
duced the maximum acceptable llmit
(MAC) to 75 ppm (Ex. 158-3, p. 8-7).
In the 1040’s, as a result of blood ab
normalltles and one death among

“leather workers exposed to benzene
-conecentrations ranging from 40 to 80

- Ppm, NMassachusetts Jowered the per-

‘missable llmit of benzene exposure_to_

,35 ppm (Elkins Ex.p. 7).

The American Conference of Gov-
ernmental Industrial

'The exhlbit numbers used In thiz docu.
ment refer lo the ferttfled exhidbit list of 1he
benzene rulemaking proceeding The fust
number deslgnates the particular exhsbit on
that lst. Where the exhibit contains more
than one item, the sccond number refer
ences the particular tem of the exhidbit
The deslgnatlion “PC” refers to posthearing
comments In Exhibit 217, The drignation

"Tr” refers to the lranscript of the bemuene - /8

‘hearlng and indlcates the pares of that
pt which are referenced.

Al references in thiy docurnent are In

tended to provide examples of record sup
port for the Information stated.

10, 1973
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" (ACOTH) recommended In 1948 g
threshold lmit value (TLV) for ben-
zene exposure of 100 ppm, This TLV
was reduced In 1847 to 50 ppm. In_
1848, following Massachusetts' lead, =
ACCIH rdopted a TLY.of 36 ppm. in
1983, a TLV of 25 ppm was proposed
by the ACGTH. The etfects of benzene
noted by ACGIH at this fime were
blood changes, aplastic anemia and
other blood dyscresiss. No mention
was made of any association of leuke- -
mia with benzene exposure (Ex. 181).
- It wes not untll 1974 that the ACGIH
pdopted the TLV of 10 ppm which had
sometime earlier been recommended
by the American National Stn.ndxu‘ds
. Institute (Bx. 158-3, p. 7). -

'The present OSHA standard Ior ban-
- zene (29 CFR Part 1910.1000, Table Z-
2) was adopted in 1971 from the 2
37.4-1989 consensus standard of the
© Amerlean Niatlonal Standards* Instl-
tute (ANSI). The OSHA standazd was
o adopted without rulemaking under the
=~ authority of section 6(r) of the Act. It
prescribes, as the ANSI standard, an 8-
hour TWA of 10 ppm with an nccepb-
~ .able celling concentration of 26 ppm
g’ - ond, Im addition, allows excursions

. above the celling to a maximuzns pesk
* concentration not to exceed 50 ppm
for more than-10 minutes in sny 8-
hour work period. Neither the ANSI
. standard nor the resnltant OSHA
standard was based-on the possible-
leukermogenic eﬂect:s of exposure to
benzene. ~ -

In 1D74, pursuant to section 22(d) of
¥ the Act, the Director of NIOSH sub-
mitted to the Secretary of Labor a eri-
terls docurnent concerning occupation-
EE:” al exposure to benzene which stated
that *“the possibiiity that benzene can
induce lenkemia cannot be dlsmissed.”
(Ex. 324, p. 1). However, NIOSH rec-
ommended retention of the existing
permissible exposure limit of 10 ppm
g~ and celling concentration of 25 ppm a3

- measured over a 10 minute period
- This recommendation wes not based
. on  benzene's potentlnl lenkemis
. hazard.

" Ina letter to the Secreta.ry of Labor,
. dated April 23, 1976, the. Unlied
Rubber, Cork, Llnuleum. and Pilastic

emergency temporary standard regu-
& 1ating occuptlioneal exposure to benzens

e be bsued (Bx. 242). This reguest was
. denled on May 18, 1978 by then Secre-
k. tm'y of Labor, W[llln.mJ Usery (£x. 2-

- 43),

. Also in 1878, the National Academy

. of Sclences, under coniract with ihe
. United States Environmental Protec-
tlon Agency, reviewed the lterature
concerning health effects ol benzene
exposure (Ex; 2-4). The Academy con-
:»cluded that -benzene :must be.-consid-

In August 19768, NIOSH submltted to
R¢ OSHA an updated criterla document
- Which revised its earller assessment of.

T (Bx, 2-44),

study of health risks (Ex. 2-456). The

-tive -on May 21,-19711. However;as a -~
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1974 (Ex 2-8). On the basls of a review
of old studies end new dsata, NIOSH
conicluded in thet document that hen-
zene wes & leukemogen. This report
further pointed out that “it is appar-
ent from the Hterature that benzene
leukem!a continues to be reported.”’
NI1OSH, therefore, recommended that
slnce no safe level for benzene expo-
sure, could be established that, *"no
worker be exposed to benzene In
excess of 1 ppm in alr.” Following pub-
lcation of the updated criteria docu-
ment, the Director of NIOSH recom-
mended to the Assistant Secretary of
Labor,” by letter dated October 27,

1978, that OSHA publish an emergen-
cy tamporm'y standard for benzene es-
tablishing the exposure level at 1 ppm

1385) and In the Court of Appeals for
the Fifth Circult (APr v. OSHA, No.
77-1516), & temporary restralning
order was issued by the Fiith Circuit
on May 20, 1877, and the standard
never officially went Into eifect.

On Mey 27, 1877, OSH.A published 8
proposed permanent standard to con-
trol occupational exposure to benzene
(42 FR 27452). The emergency tempo-
rary standard and Its preamble, which
the pew-proposal supplemented, were
incorporated In that proposal. The
FEpErAL REGISTER document setting
forth the proposal also contained a
notice of hearing scheduling an infor-
msel public hearing to be held pursu-
ant to sectlon 6(bX3) of the Act, and
regquesting the submission of written
(BEx. 2-6). i comments, data, views and arguments

Besed on the information supplied on all the Issues raised by the pro-
by NIOSH, OSHA Issued on January posed permanent standard and the
14.: 1877, voluntary “Guidellnes for emergency temporary standerd. Sub-
Control“of Occupstional Bxposure to sequently, on June 24, 1977 (42 FR
Benzene,” recommending that expo-- 32263), OSHA eéxcluded from the scope
sure to benzene in eir not exceed an 8- of Lhe benzene hearing and from the
hour time-welghted average to 1 ppm  final permanent standard those activi-
in any B-hour shift ni 3 40 hour week tles related to the storage, transporta-

s tlon, distribution, dispensing end sale

In January 197'1. NIOSH Informed of gasoline as a fuel subsquent to its
OSHA that workplace environments discharge from bulk terrninals, OSHA
had been found in St. Mary’s and explalned in that notlce its intentlon
Akron, Ohio where a sufficlent to assess the regulatory action to be
pumber of employees had been ex- taken to protect workers involved in
posed to benzene- for a mumber of these actlvities after conclusion of the
years to facllitste an epldemioclogical deliberations of r joint EPA-NIOSH-
OSHA Task Force.
worksite was a manufactiring plant The public hearings on the benzene
owned by Goodyear Tire and Rubber propnsal were held July 19 through
Company which ptilized benzene at August 10, 1977, A total of 95 Individ-
varipus stages In the production of uals appeared at these hearings as wit-
plofilm. The preliminary conclusions mnesses, Among the witniesses.were em-
of the epldemiological study, which ployers end employer associatlonr
NIOSH conducted of the plioflm Irom a variety of indus txies: petrcleum
workgrs, were transmitted to OSHA on refining, petrochemical., oil and gas
April 15, 1877, In his letter of April 15, production, aviation fuaellng: and coke
1077, transmitiing this report, the Di- ovens and coke by-producta. In addi-
rector of NIOSH again urged that an  tlon, representatives of the affecied
e.mergency standard be Issued (Bx. 2- workforce, including & number of em-
n. - - ployees who have been expoied o ben-

On May 3, 1877, the Assistant Secre- =zene, unlons, govermuament sgcncies,
tary for OSHA Issued an Emergecy public interest groups axd other inter-
Terhporary Standard for Occupational ested partles appearecl. Furthermore.
Exposure to Benzene (42 FR 22316), comments were received {rom repre-
pursuant to sectlons 6(c) and 8(c) of sentatives of other iInAdustries, such as
the Act, Secretary of Labor’s Order analytical and research laboratories,
No. 8-78, and 26 CFR Part 1911, A cor- paint manufacturing. constroction,
rection document was pubilshed _on  maritime, and rubber ..manufacturing
May 10, 1977 (41 FR, 23601), and an and Irom nsers of pure benrene as well
amendment to the emergency tempo- s users of benzene coniaminated sol-
rary standard was published on May vents. Public participation wa repre-
24, 1977 (42 CFR 28429). The evidence sentatlve of-a large sexment of the
and {indings supporting issnance of bepzene wusers. The verbatlm tran-
the emergency temporary standard script of the hearlng=. =3 wclU a2 the
and its amendment and & discussion of numerous comments. ¢xhibits  and
Its provisions are set lorth In the briels submitted to OSHA Dbdelore,
sforementioned FEpERAL REGISTER  durng and aiter the I3 caring, are pant
publications. The emergency tempo- of this rulemaking record. aong »ith
rary standard was to have been effec- other relevant docum <. The hear:
Ing record was: origina 31y scheduled Lo
close on August 20, 19°77 but. 1t Lhe re-
quest of industry participants, the
record was kept open  uritd Beptember
2, 1977 for the submlssion of addilion-

result of challenges to that standard,
filed both In the Court of Appeals for
the District of Columbla (Industrial
Union, AFL-CIO v. Bingham, No. Ti1-

FEDERAL REGISTER, YOL 43, NO. 29—FRIDAY, FEBRUARY 10, 1971
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2l evidence and unti September 27,
1877 for the submission of briefs, sum.
marles and arguments, . .

In conlunction with the develop-
ment of the proposed standard, OSHA
prepared a draft environmenta]
Impact statement. The draft environ.
mental statement was published in tha
PEDERAL RECISTER (42 FR 27455). On
June 1%, 1977, the Council on Environ.
mental Quality published a notice of
availability of the benzene draft envi-
ronmental impact statement (Ex 7). In
addition to the 45 day comment pericd
specified in 29 CFR 1899.4(g), the envi-
Tonmental impact of the proposed
standard was also an Issue for the ben-
zene hearing as provided by 29 CFR
1899.4(h) and the notice of
rulemaking (42 FR 27452). A notice of
availability of the fina] environmental
Impact statement for benzene way
published on February'3, 1978 by EPA
(43 FR 4674), .

In addition to the draft environmen.
tal Impact statement, OSHA prepared
an economic and Inflatlonary fmpact
assessment of the proposed standard
evaluatlng factors relevant under sec-
tion 6(b) of the Act (28 T.S.C. B85k
{b)(5), Secretary of Labor's Order 15-
75 (40 FR 54484) and Executive Orders
Nos. 11821 (35 FR 41501) and 1181y
(42 FR 1017). The notlee of the pro-
posed standard Indicated that the eco-
nomlie Impoact of this proposal was to
be considered nt the hearing (42 FR
27452) anad certifled that the economie
ard inflationary impact of the pro-
posed standard has been carefilly

evaluated in sccordance with Fxeey.

tive Orders 11821 and 11849,
Permanent benzene standard g
based on s careful consideration of the
entire record In this proceeding, in-
cluding materials relied on In the
emergency temporary standard, mate-
rin)s referenced in the proposal, and
the record of the informal rul
hearing including the transeript, ex-
hiblts and pre-hearing and post-hear-
Ing writien comments, Coples of the
official st of bearing exhibits, com-
ments, and notices of intent to appear
at the hearing can be obtained from
* the Dockel Office, Docket H-059,
Room 88212, U.B. Department of
Labor, 3rd Street and Constitution
Avenue NWw,, Washington, D.C, 20210.

IIT. PERTIvENT 1¥GAL AUTHORITY

The primary purpose of the Act Is to
assure, so {ar as possible, safe and
healthfi} working condltions for every
working man and woman, One measans
prescribed by Congress to achieve this
goal Is the authority vested in the See-
retary of Labor to set mandatory
salety and henlth standards,

Occupsational safety and health stan-
dards provide notice of the requisite.
‘condict or exposure level and provide
a basls for assuring the existence of
sale and healthiul workploces. The act
provides that: .

FEDERAL REGISTER, VOL 43, ND, 29—FRIDAY, FEBRUARY 10, 1973 '
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The Secretary, in promulgating standards
dealing with taxic materisls or harraful
physical agents under this subsection, shall
22t the standarg which most sdequatrly as-
3Ures, to the extent fensible, on the basls of
the best avalianle evidence, thal no employ.

Fuffer material mpeirment of health
or functiona) capacity even ! such employ-
has exposure to the hazard dealt
with by such standard for the period of his
WOr| We. Development of standards
under this subsection shall be based upon
research, demonstrations, experiments, and
such other information as may be appropri-
Bte. In.addition to the attalnment of the
est degree of health and safety protec.
tion for the employee, other conslderations
s be the latest avaflable selentific dnta
1o the fleld, the feasibllity of the standards,
experience gained under thils and other
health and safcty lawa, {Section 6(bX).)

" Sections 2(b) (5) and (8), (20}, (21),

2), and (24) of the Act reflect Con-
gress’  recognition that conclusive
medical or sclentifie evidence Inchg-
ing causative factors, epldemiological
studies or dose-response deta may not
exist for many toxic materials or
harmful physical agents, Nevertheless,
standards cannot be postponed be-
cause deflnitive medieal” or scientifie
evidence is not clrrently asvallable.
Indeed, standards need only be based
on the best available evidence. The
leglslative history makes it clear that
-"t Is not Intendad that the Secretary
be paralyzed by debate surrounding di-

" mulgated under the Act, In sustaining
the standard for occupational expo-
vinyl chloride (29 CFR

1910.1017), the U.S. Court of Appeals
for the Second Cireutt stated that =it

remaing the duty of the Secretary to

or research i3 defi-
1f.:zli_:evnt." "Sog:igty of the Plastics Indus.

Inc. v. ccupstional Safet: d
Health Admin.tstrntlon," 509 %‘ &gd
1301 (C.A. 2 1975, cert, den. 85 8. Ct.
1998, 4 L. Ed. 2d 482 {1975). A slmilar
rationale was applied by the TS,
Court of Appeals for the Distriet of
Columbla Circalt [n Teviewlng the
standard for occupational exposure tp
asbestos (29 CFR 19810.1001), The
Court stated that:

Bome of the gquestions Involved in the pro-
mulg!.lo::u ol in:te’}e] akt:.ndx.rds are on tha
frontlers scientifle knowledy, and conse.
quently as to them lnsumclenttéau n pnr::-
ently avaflable to make 5 fully informed fac-
tual determination. Declslon-m&klnz must
In thal circumstancs depend to » greater
extent upon polley Judgments and Jess upon
puraly factual judgments,

"Industrial Union
CIO v. Hodgson,” 498 P, 24 467, 474
(C.A.D.C. 1974). .

In setting standards, the Secretary 13
expressly required to consider tha fea-

“the body where, because of its llposo-

.the-expired breath follows rn expo-
. nential decay curve,

“Department, Afr.

sibllity of the proposed standards.
Senate Committee on Labor and
Public Welare, S. Rep. No. 01-1283,
91st Cong., 2d Sess., p. 58 {1970). Nev.

ertheless, conslderations of technologl-

cal feasibility are not limited to de-
vices already developed and In use,
Standards may require Improvements
in existing technologies or require the
development of new technology. “Soct-
ety of the Plastic Indusiry, Fne. v. Oc-
cupational Safely ang Health Admin-
istration,” supra at 1309,

- Where appropriate, the standards
are required to Include provisions for
labels or other forms of werning to ap-
prise employees of hazards, suitpble
brotective equipment, contro) proce-
dures, monitoring and measuring of
employee exposure, employee accesy
to the results of monitoring, and ap-

.propriate medical examination (sec.

tlon 8¢b)(7)), Standards may also.pre-
scribe recordkeeping  requirements
where necessary or appropriate Ior en.
forcement of the Act or for developing
Information regarding  occuapational
accidents and Mnesses (section B(e)),
The permanent standard for benzene
was developed on the basis of the
above legal considerations. -

IV.Heavra Ereecrs
* A. GENERAL ’

Inhalation is the pHmary route of
entry of benzene in man, Benezene dif-
fuses rapidly through the lungs and Is
quickly absorbed Into the blood. The
Tate of absorption is greatest during
the first flve mlinutes and thereafter
declines significantly. Benzene ss.tura.
-the cdirculating blood may
reach na high as 70-80 percent satura-
tlon level within the first 30 mninutes,
However, relatively complete saturs-
tion of the blood may not be attalned
for two to three days,

The benzene absarbed by the clreu-
lating blood I8 distributeq throughout
lubility, it tends to accumnlate In var-
lous body organs in proportion to their
il content. |
" Upon removal trom benzene expo-
sure, the concentration of benzene in

reflecting removal
of benzene from varjong body com-
partments. Ellmination vig thls route
lor relatively high concentrations has
been estimated to range from 12 to 50
percent of the total dmount of ben-
zene absorbed In humans
. Most of the absorbed benzene re-
mainlng ultimately is metabolized by
€nzymes contained in the lver to de-
rivatives which are more water soluble
eby facilltating -thelr.removal ~by
the ‘kidneys. A first Intermediate In
the blotransformation of benzene s
belleved to benzens epoxlde, a
highly reactlve chemical, This 13 one

of several candidates—others: Hydro- A
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% quinone and’ catechol, (Snyder Ty,
. 3229) suggested as the actdve agent re-
sponsible for benzene's hematotoxie
5. effects. Phenol, and to & lesser extert
=~ hydroguinone, . pyrocatechol, n.nci
phenyl-mercapturic acld are the pri-
mary metabolites of benzene found In
urine. . .

B: ACUTE EFFECTS -

Exposures to high concentrations of.
benzene produce an mlmost Immediate’
effect upon the centrel nervous

o
"

20,000 ppm are fatal within minutes,
with death oceurring {rom scute cireu-
latory {fallure or coma, with or without
convulsions., Milder exposures produce
& period of nervous excitation, eupho-
ria, headechs and nauses, followed by
a peried of depression which can
result In cardiovascular collapse and/
or unconsclousness. The occurrence of
nonspecific nervous disturbances as an
after-effect of acute exposures Is de-
pendent on duration of unconscious-
ness, and/or severity of clreulatory
fallure, Breathlessness, nervous Irrita-
billty, and unsteadiness In walking
have been observed to persist for a
period of several weeks. Inhalatlon of
stil lower concentrelions (250-500
ppm) ylelds signs mnd symptoms of
mild polsoning, characterized by ver-
tigo, - drowslness, headache, and

symptoms usually occurs follo
cessation of exposure. -
These effects due to acute exposures
to*high concentrations of benzene
have: been recognized for many years
and are well documented In classic
toxicologlical textbooks and literature.
Direct contact with the liquid may
cause erythema and blistering. Pro-

k. - with small quantities of benzene, has
! been assoclated with the development

of 3 dry, scaly dermatitls, or with sec-
ondary dermal infections. - St
P .. . Tt
g £ O. QERONIC EFFECTS. B

1. Backpround. The primary focus of
this regulation is to minimize worker
risk resulting from chronie exposure
to low levels of benzene. ‘These effects
of benzene exposura in msan have begn
recognized for approximntely 80 yeara.
Asbenzene attacks the hematopoletic

Pr  -(blood-forming) systems and especially

%% -  the bone marrow, lts toxiclty is mani-
¥ fested primearily by alterstions in the
level of the formed elements in the
elrenlating blood (red cells, white cells,
. and platelets). The degree of severity
Tanges from mild and transient epi-
sodes to severe and fatal disorders.
% Thé mechanism by which benzene
¥=  produces its toxic effects, although
o “under investigation, iz still unknown.
*_ (Goldstein, Ex. 43.B, p. 132).

The sdverse hematopoietic effects of
benzene, Including lsukemia, have

Yeen documented in a variety of indus-
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tries and occupations 2nd include the
rubber, shoe, rotogravure, painting,
chemical processing, can manufactur-
ing Industries and more recently, the
manufecture of natural rubber cast
fhim. These studles range from single
case reports, through cross-sectional
studies to retrospective studies of mor-
bidity-mortality
cohort of workers Industrially exposed
to benzene. An important distinétion
among these investigations is that the
cross-sectional method detects cases of
mild benzene-induced hematotoxic el-
fects In current employees who do not
demonstrate- signs of overt toxiclty,
whereas the retrospective method de-
tects overt and faial toxie eifects sub-
sequent _to’ tgrmlnatinn ol employ-
ment- .:. - - -t B . B R
OSHA Is aware of the varying gual-
ity of thé individually reported stud-
jes. Based on & review of the entire set
of studies, taken as 8 whole, the accu-
mulated evidence Is conclusive thab
benzene exposure 18 causally related to
the Induction of leukemiz (a cancer of
the blood-forming system), various cy-
topenles (decreased levels of a formed
element in the circulating bleod),
aplastic anemin (& non-functlonlng
bone marrow) and to development of
chromosomal saberrations. ..
The evidence supportive of this con-
clusion s derived from: (a) A high
degree of associatlon of blood dyscra-
sins with benzene exposure; {b) the sp~
parent lack of 8 similar association
with other ¥nown volatlle chernicals in
the same workplace; (c) outbreaks of
hem=atotoxicity temporerily related to
the introduction of benzene to an in-
dustry and conversely, a reduction In
blood-related disease when other sol-
vents are substituted for benzene; and
(d) the experimental demonstration of
marrow toxiclty In anlmals solely ex-
posed to benzene (Goldsteln, Ex. 43B;
p. 1332 T .- ..
- The follo g studles are represen-
tative, although by no means all inclu-
slve, of the published Hterature on the
chronic effects of benzene exposure.
Thess Investigations do, however, -
lustrate the diversity and variability of

the effects which dominate published °

reports. There are also several recent
-reviews and-summaries concerning the
hematological effects resulting from
benzene exposure (See; Vigliani and
Fornl, Ex. 2-15; National Research
Council, Ex. 24; NIOSH, Ex. 2-3, 2-5;
NYU report; Ex. 43.B and ORC/Jandl,
P.C. 34; Snyder and Kocsis, Ex. 2.B-
288, and the International Workshop
on the Toxicology of Benzene (*Inter-
national Workshop™) (Ex. 18).

2. Non-Malignant Blood DHsorders,

& Human studies. The . most
comimon éf{eét resulting from chronic’
exposure {0 benzene 13 a decresse in
the levels of erythrocytes (red blood
cells), Jeukocytes (white blood cells)
and thrombocytes (platelets) In the
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circulating blood. In simplified terms.
e decline in red cells Is termed anemlis,
8 decrease In the level of white cells is
leukopenia and & decllne In the plate-
let count is called thromboeytopenia.
Persons found to have depressed blood
cell counts may or mey not depending,
in part on the severity of the decline,
display overt physical symptoms.
Anemla resulis In a decreased capacity
of the blood to transport oxygen to
various parts of the body, and persons
o dlagnosed may appear pale and
weak and fatigue easlly. However, the
non-specific symptoms may develop
gradually and not reguire medical at-
tention mntil there are significent de-
clines in red cell counts and blood he-
moglobins. Chronic anermnis may &lso
result in physiological ndjustments by
the rardiovascular system and exacer-
bate difficulties In those with coexist-
ing disease such- a3 coronpary Insuffi-
clency or chronic obstruective broncho-
pulmonary disease (Wintrobe, Ex 2A-
101, p. 532). Since white cells provide &
defense agalnst many diseases, persons
with leukopenis are prone io recurrent
Infections. Goldstein hhas written that
*Infectlons are 2 dreaded complicatien
of bone marrow toxicity and not un-
commonly associated with & cause of
death In benzene-induced pancyto-
penia”* (Bx 438, p. 144). Thrombocy-
topenia results in an fmpaired clotting
of the blood, and persons with this dls-
order may exhlbit bleeding tendencies,
such a8 easy bruising, mosebleeds, end
hemorrhage.

sIn the NYU review of **A Critical Bvalna-
tion of Benzene Toxicity’”, Goldsteln uses
the term paneytopenia im 1 Benersl sense,
defined a3 & decrense ln the level of circula-
tory erythrocyles, granpulocytes, and plate-
lets His nitiopale I3 that there s excellent
evidence which =suggests that all of Lhese
cell ines originate {xom & COMIMOn precur-
sor stem cell (Exhiblt 438, p. 135, While
noting thet aplastic apemia ls, In » pure
sense, an absence or a decresse In identifl-
able granulocyte, erythrocyte, and platelet
precursors within the maarrow liself, Gold-
stein {inds that it Is usefwil 1o Include aplas-
tic anemis or hypoplastic anemia under the
category of pancytopenla_ “This Is because ln
some himnan cases of parxcytopenia induced
by benzene and In some animal experi-
ments, & hyperplasia of the bone marrow is
observed; #lso_there _exist3 the possiblity
that sampling errors may sffect atlempts to
quantitate bone marros¥ Preowrsor celis,
since only a small fraction of the marrow iy
observed by aspiration techniques.

However, Jand] feels thatl aplastic anemia
1% niot & suificlently explicik term to describe
fallure of “marrow to provide an adequate
population of dlviding biood cels for the 3
perles of formed elememis.” and observes
that the terminology =aplastic anemia® har
been applied to states of chroniec or non-
acute marrow muppressiory, Whether or not
anemla was the most striking {eature
{ORC/Jandl PC 34, p. 83, Add A, Other

-tenms 'llﬁc_d»_lQOopSly»"haye been “"hypo-

plastic anemia, bone maxrow fullure, refrac
tory anemin and are genemntive anemip.”
Based on the degree of severity exhibiled,
Jandl recognizes 2 phases of marrow {alure:
Footnote continued on P EXL page.
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ancyiopenia and aplastie T .
a0 3 sre serfous conditions In whicl, -21°°d disorders was provided in the than would be Indlcated by th
all 3 formed elements are depresseq, 122 305 and mid40s by the studles of centratlon of benzen:I i.,t & con- b
Anese NON-Cancerous diseases may, 1 GTeenbury et oL, Moiair o or s EX 1583, D. 7). Howeyes oo 1 okins, &
fiod ot themselves, be fatal An naar. ,t00se of Hardy and Eleine of this case, Elkins and other caris u
. lfer;e &%l;i!éren lsmt.gnt Some or al] ot GrefBbury and co-warkers (Ex. 2-8) the PEL l.n'Massn.chusetts &rsage;is;? S
may, If auawe(?m uced by benzepe,  investigated the problem of benzene The authors also concluded that wpk b
sres§ to or continue, either ro-  toxicity Mmong 337 workers employed €IS exposed to benzene should e N
Stage Wh‘chl’;l]?;ESEnt B breleukemis rotogrivure processes in New routine complete blood exnminagﬂve D
Into a framiie 5 :ventua]ly evolve York City. 1n addlton to physical ex- and stressed the Importance ot Dre::: o
Among the earl s.tudj - Aminatlon,, locluding medical and oc-  Dloyment medieal evaluations whi >
benzene toxleity ‘};M th:ts gfsggﬁﬁg tc:spatiom.l histories and lsboratory Should Include & megica] history zmdc{l1 5L
(EX 2-12), He gbserved 3 stgn] g %  workplace alr samples, and hematologie baseline. ce
depression In the levels |mmmm° Chemleal analysls of ink solvents was In 1558, Sa
blood cells in wurke'i-seamgﬁo;ed w%ere goeggﬁed oy Auempt Lo provide a workers V;hiav“ggtl r;:‘pbc;’rg d“-do-'g :5” gn
nzene wis used a5 a solvent fop ata b medicai findings. Ex. dissolved In benzene, and wh dy y
rubber. Because of the depressed Posure data in Flant A revealed that  posed to & 1 00 prre ex- Ei
~ bproximately 400 ben-
dition seen In the marror o3 h13::01: of 11 samp)ey taken. 8 were In excess zene (Ex. 2-95 Ppm ben or
- ~-85). Blood tests d .
tients and the reswuty of exten;:im 0! 100 ppm, In Plant B, 14 of 24 sam-  girated hemato} i "
animal exp ents (where he wva Dles showed Jevels above 100 ppm and 739, of th oFical deficlencles in fu
erim 23 Plant 4 05¢ examined. Thromboeyto- i
et el T 100 o, Bt of R et e, (E SRR, Thrembocris o
subcutane- 85 observed in 62% of those tes
ous Injection of benzene) Selling sug- 3 were below 200 ppm. The followed b " se Lested, st
Fested that the cause of the cytopen.  ooiCl Fesulls revealed Lhat cllnically ). Defioer o) and leulko- i
pen- ” 1 benia (329;),'Det .
ins observed In the workers was due to ::ment degrees of po!s_oning’ Were  types wcrzu obszrlvgeignﬂezm‘ Bll 3 cell - be i
a0 aplasia of the magen, " o.n, poE 10 130 workers of which 22 had  cynenty 7% of those fie
An important ear] mﬂ to . "~ Bevers polsoning and 6 required hospi o ed and deticlencles In two cel Tk
benzene lter toe wy estone of the  ioypation FIve of the norhe Spl- types In 14%,. Ax a result of this Inves- cel
by Hamilion entltlad mmpe 2. oP0rt moat gevere hematologle pletures  1oniio, UIE USe of benzene a5 an ad. ta
Menace of Benpens (Ben’ngoti) ?}romwmg expressed no subjeciiee i;ml;)ca]‘;rg hesive solvent was discontinued. tec
Ing In American Industry” (Bx fsg ?:I;' and phyzical examinations were nega- In & nine-year follow-up to the Savi- ac
thThe: L%Dcument attempted to alert :':Zf: It hut;_?:cwonhy that the indfyid. g;h‘)ﬂr;zggoamn'lnHezrﬁg?g oL (Bx. 24 o
e medical community to ¢ sensai Y to bezene varjed ¢ of these workers pp
associatelc]ll Tﬁith chmn};c beg:ei?%iﬁf 1& Moreover, the authors notedgiehlb; 32&?3,"31’ rexDOﬁEd to benzene who ble
Soning which was | L e-related b ee Of such exposure m
acute toxieity, Thli&qw::%g:g:dtg:ﬁ ‘may be ‘persisient and cé’&?ﬂ czntlnue This la one of the few ’tum;ﬂ%ﬁg& e£
Naniccars 1ater by the reports of the - 1. 92VElop even after exposies had oach presents a longitudinal nssts. B
Natlonal Safety Councll (NSC) which _ Ceaseds &, Dol workers previously exposed to s
reported the prevalence of Xnown " -In the same year, Mallory et a] (B genzane for which follow-up exceeded . ~ro
These pecDronic bemzene polsoning. 3-9) reported sutopes flodings in 16 tendengy oy o, ROWed 2 greater '
En%]e rrwﬁms B¢ zummarized by Workers.exposed to benzene from g ey toward oovEry of letko-
2s follows: months to 12 years, but no daiy Trom ICIJI’:ES than erythrocytes or platelets: a e
stime DpEDitude of toxicliy—primarlly con.  Ehe -WOrk environment s avallable. ot rr i3 In asreement with for
shedg of lowersd blood cell counts-was . The author.. norey thet significant oener, IAvestigations. . Among .male for
:l::posmzed }r high. Over halt of the workers 3  were consistently 3 cant workers, the mean cyie levels ;‘;’t
-tles or cn? a n{m oF pore had shnommal-  “throughout the enlire hemat, pund - remained depressed for 9 years and
Proportion bag ;ggylgmd &;eillx, ﬂ;t system , Inelnding the man-owo ”?}fﬁ’f ]‘ff er'iiedgnifficantgly less than the values Ir
of deat hancterived Lo oot Spleen,:and lympn | A 04 o1y ot control group. De- 217
el g:u wers moted, c terized by pre- oo oo sindied. 8 Exﬁgfes. Of the 19  spite recovery in the mean lewe]r:)f the 217
orthage and ofien falmbant i iZ: of the bont marrow, wrerd JPOPASA  platelet counts during the nine-rear whe
(CRC/Jandl, PC34, p, 10-11), C - ,xhowednihyperplasla and 2 :J:rg 32? ELEW;L nen - oralions for both rnen ptnpn
More data rela "o T mosed a3 leukemte ¢ -y omen  remalned significant &
' posure to benzf:nglt?ovtlc:cec gg‘utli'ggn&t]:ee:f :g“i%:iﬂkmk). Th: :ﬁgﬁi:—? gg}:gg;dl sglﬁatfﬁnodfmnmconbtml oD, Baselg ;I'he
R exposure - , the nuth tated x
f‘[c;;nor.e continued from preceding page. - varying conditions pt;% ﬂ;:;‘;‘jle under that “The analysis also’ shg:,,; that abn
Jever 7, conventon, & diminubion in the “sctions and thet ndlvidual variggy, L0S PTOENOSIS of the severe cases elid the
o ‘:g r:shmdmc:;l}l’ne vgx;duce&n l::bot.hg - Was pfgreatimporiance. variation -not-differ Irom_thet-of the mild ones out
marro mpan nce n PR y
whjch‘;ee?\}iryogur‘: e e ,;,I:sg::ged ¥ and Elking (Ex 2-10) - S:gsv;dﬁg(;hzeo‘ll;cute stage had been :gnz
0 s usually, termed ‘pan. \ An Artifle] ; — .
fﬁwm& And by convention, & more aus- I Mansachusetty v:hel':] lrlnef;'-};]; Tplant  Worker exposure In the rubber coat WE!“
pre.s:ﬁ; muiremaevere. mors litely fatal sup-  eapployed B3 % coater for 14 amsen Ing Industry to petroleum naphtha ﬁ 3¢
anemix’ " (B.C. agm b pa g eried 'splastio e 1l and dled from bengene oy ol 5P io sbout 10% benzene Axsc
e gk 1;;:?1;‘1}1;:’:). 41 20nInE Sixtesn of the 5y ka: Dﬂi; z”-“tported by Pagnotto et al, In 1 561 i m‘
sechnloal reumizuom Tor T uness u:nhm ® _the plant exhiblted 5 "TEmarkab]m il (Ex. 1584). Several hemoglobin valuaes 0
> quanthiatlve disemontis Al sieng ::- ‘viation” In more than one blong € de- less than the lower Umit of norrmal ol
‘us non-mallgnant blood disorders and his . ponent, but none were cllrdc?;.l] CDIIE: glmd Sverved among 47 men gven :nte(
lﬁ“ﬁ“lmem" of mnoses coptained 13 Benzene concentratinn taken lny1938 : Dg éxaminstions, Benzene concen- rﬁ
Aherierature according to this elassification * ranged from 45 1o 80 DPm, and 1 Tabons ranged from essentlally zero fir
.;: r:;m' I'E'loweve.r. for convenlence sake, the - after repealed tests nt lh'e work o oo Over 100 bpm, with a substantial
etha JFFW{;nh and - raplastie . tionof thedeceased Subject féwieai:dm- exmorLetween 10 and 35 pbm. Thelr ;pc:;
Ut thy e used erthang concentration of about 60 pppm. mray.  CPOSWe b benzene ceased in 1965, Ined.
articular  points contaln stated “[Dluring World war 11 how. In 1873, blood tests were repeated on the )
evlew, In these Instances, tre terminology Ve, the plant worked 1ong homre & 18 of these workera who were stll] exm- reluc
A0 reflect Jandl's more deflnitlve nomen. -that presumably his (the decedcn't'sg Ployed by the firm, the others having zene
iature. exposure overall had been eroatey Tetired or left for pther Jobs (Pagnotrto by I

el al, Bx, 158,3.B), Belection blas m=ay
FEDERAL nEFISTE_L. VoL 43, Mo, 9—FiDaAY, FEBXUARY Io- 1973

DBZ0018 100



o,

be Inherent n this report as the retir-
ees who were excluded may have been
more llkely to have hed blood ahbnor-
malities The blood plcture of 14 out
of 18 employees was characterized as
*‘essentlally normal™ (Elkins, Ex, 156.3,
p. 8); of the remsaining 4, one wss
anemie, 2 were leukopenic and 1 was
both anemlc and exhibited leukocyto-
Els (mn elevated white blood cell
count).

In 1858 Klinche et al. reported he-
metological damage &t relatively low
benzene concentrations (Ex. 2B-304).
Elghteen roofers engeged In painting
operations for an average of 17 years
were investigated. Besed upon a care-
ful evaluation of the ayvailable results
of hermnstological examinatlons, 6 were
classified 29 suffering from  early
stsges ol benzene Intoxication, 7 were
suspected of chronic benzene Intoxica-
tion and the remsining 5 were classi-
fied as having 2 normal blood picture.
The palnt solvent contained 0.12 per-
cent benzene and benzene concenira-
tlons (as determined by Drager gas de-
tector tubes) ramged {from trace
amounts to 15 ppi. Concentrations of
toluene and xylene vapor up to 133
ppm were also found. It was not possi-
bl: to quantitate past exposure to aro-
metic solvents. The authors conclud-
ed, however, that: -

sufficdent size, even xmall traces of these
rromatics In the work-msterial (benzene, to-
luene, and xylene) even In the open alr, can
cause respiratory alr concentrations of the
level of the MAC yalue (13 ppm for ben-
zene). After the workers bave been exposed
for a sufficlently Jong time, one must
meume that hemstological damsge will
resliE. ... .- .

In a recent survey, Aksoy et a8l com-
pared the hematological findings of
7217 apparently heslthy male workers
who were exposed to as much as 210
ppm benzene when adhesives contain-
Ing benzene were utllized (Ex. 2-11).
The duration of exposure ranged from-
3 months to 17 years. Hematological
abnormalities were seen in 23.5% of

put thrombocytopenis, was the most
common finding. In additlon, relatlve
to eonirols;—benzene exposed workers
were found to have ‘a statistieslly sig-
nificant reduction (p less than 0.001)
In mesan white cell and platelet counta.
Akspy and his colleagues reporied =
considerable variability in the 11 bone
marrow specimens studied. The aspi-
rates showed both hypocellmlarity and
hypercellularity (r decrease and an In-
crease in the number of cells present),
3 {inding .consistent with his previous
reports, (See Aksoy et al. Ex. 2A-200),
In 33 percent of the workers exam-
“Ined, the hemoglobin levels fel) below
the lower llmit of normal. Aksoy was
reluctent to ascribe the anemia to ben-
zene exposure since it was correctable
by iron therapy. However, Goldstein
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cornmenting on Aksoy's findings that
"the mean corpuscular volume (MCV)
was in-the high normsl to slightly ele-
vated range (80-96 um*) which is un.
usuegl for iron deficlency and more in
keeping with a benzene effect,” (Ex.
43B, p. 140). .

In 1977, Dow reported that 2 of the

584 Indlviduals occupationally exposed
to benzene dled of non-malignant
blood disorders, compared to 0.2
deaths expected (DOW/QH/Ex. 154,
Table 6). One worker died of perni-
cious anemia 4 years after retirement.
His exposure was estimated to have
averaged 30 ppm for approximately
184 months. The sccond ernployee,
who died of aplastic anemia, had an
estimated exposure of § ppm for ap-
proximately 68 months. Beecause of
the small numbers Involved, the sig.
niffcance of Dow's findings is subject
to some question, but the trend of
excess death is consistent with the eyi-
dence presented above.
. An issue deserving discussion is the
gimilarity and difference between ben-
zene-induced non-malignant blood dis-
orders and those resulting from other
causes. In the NYU report, Goldstein
noted that:

While the Hterature {3 Inadeguate to draw
firm conclusions, the progression snd out-
corne {fatality rate) of benzene-Induced pan.
cytopenias does not appear to differ sub-
stantially ~from that of published zerjes of
patients with Idlopathic aplastic anemia
(Ex. 43.B, p. 14517 (Ex. 43,8, p, 141)

The’ NRC ,report comes to & similar
conelusion:

[(Tlhe available evidence does not Indieste
that the reported benzene-induced blood dy-
scrasias differ in any way from similar dy-
gerasizs which sra caused by other myelo-

* toxic agents or for which the etlology Is un-
Imown (NRC, Ex. 2-4 p. 4).

On the cother hand, Jand) contends
that the high degree of reversibility of
benzene-induced non-mslignant blood
disorders distinguishes these disorders
from those caused by other agents
which are-idiopathic in pature. He re-
ports that the chance lor recovery in
ldlopathic eplastic anemia 1s 16%, that
for drug-related eplastic anemia it ls
. 33% snd that based upon a review of

-189—patients with benzene-Induced
—aplasla reported between the years

1938-1975, the prognosls {or regovery

i3-87%. (ORC/Jandl, BEx, 34, p. 3T) Fur-

thermore, he notes that mllder forms
of blood disorders resulting from ben-
zene exposure appeara to be 100% re-

versible (ORC/Jandl, PC 34, p. 39).

»However, Goldstein does suggest three
possible differences bvelween benzene-n-
duced pancytopenia and so-called idjopathic
aplastic anemin: the first ix the abservance
ol marrow hyperplasia .In benzene-induced
disease; the zecond s the presence of lym-
photytopenis; and the third 13 “relatively
Irequent but Inconslstent” reports of red
blood cell macrocytosis reswiting from ben-
zene expesure, (Ex. 43.B, p. 148)
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OSHA is aware that llterature indl-
cates that many cases of nonmeallg-
nant blood disorders may be reversed.
For example, Mauvgerl has stated:

the hemopathy due to benzol can, as In
most cases studled by us, be cured if it is di-

egmosed fmimediately (Maurgeri & Pollini Ex.
158. 1 p. 2).

Hemnberg et al. in a follow-up study
of 125 workers stated that: "the prog-
nosis of these patients proved to be
more {svorable than mlight have been
expected.” (Ex. 2A-252, p. 209). Also,.
both Tabershaw and Aksoy have noted
the reversiblity ol various cytopenlas
(Tr. 2547T).

However, certaln other investigators
report that these disorders have per.
slsted for zs long as 12 years after ces-
sation of benzene exposure. Goldwater
and Tewksbury noted continued blood
abnormalities In 10% ©Of 108 men ex-
amined 24 months after exposure
ended. (Ex. 141). Helmer observed ab-
normallties In 25% of S0 patlents [ol-
lowed for 18 months. including 2
deaths. Relcek and Relskova f{ound
that 8 of 4500 workers mmanlifested per-
slstent leukopenia 12 y ears after expo-
sure. (Cf{. Hemnberg, Ex. 2A-252, p.
204), Aksoy observed a further distin-
guishing feature of severe blood disor-
ders resulting {rom beTizene exposure.
In over 100 cases of naplastic anemin -
classified as jdiopalhlc or amsociated——
with etiolopical agents olher than ben- -,

. zene, no cases of leukemla were ob-? |

served tAksoy, Ex, 80, . 6A). Thiz con-_
trasts to the developrnent of leukemis It
among scme cases of aplastic anemia..”
assoclated with benzer e exposure. * , .-
As Is apparent {rorm the sbove dls-
cussion. there Is no unanimily of opin--
lon whether benzene-induced blood
disorders persists, and are reversibla -
after cessation of benzene exposure*-.
and whether such wdlsorders dUfer™--’
{from those resulting from olher
known or unknown cal1Scs. te .“:-,-7:_
OSHA recognizes that in many cases,’, [
these disorders appear LO be rcvem{bln,‘t)‘_-
within the definltions of “normality™
or “reversibliity” used by Lhe Individ-
ual authors. However, 31 15 not known
whether for particulmr workers the
blood Indlces actually Tetiurn 1o pre-ex-
posed or baselina"valwes Because Lhe
original lterature does not provide
sultable long-term lomgitudinal snaly-
sis including adequsa ta~ sample sire,
preexposure values no7r bascline hema-
tologlcal values far coTnParative pus.
poses an &n indlvidual Dass it dilfl-
cult to decide how mwuc: rtahee an
be placed on such stwudi = Morrover,
the evidence Is Insuffic«ont to deter-
mine whelher or nct iG3mduals »ho
have “recovered” are &b kF-atrrruktio
subsequent developrmc 734 of ruximis
Finally, OSHA Is urabir 1o venfy
Jandl's quantitallve estimates of re. =
covery as the sources seirr’s ! jur his
calculations are not a<mi.alrh pre =
sented to permit Lhe c¢.v..zment ol
-
ad

v
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valld inferences. Consequently,
Agency does not beleve it appropriate
to conclude that these non-malignant
blood disorders will In ail cases, be
versed to the individuals norma] .
values, C LIRS
b. Animal Studies. One of the first’
studies describing experimentally In.
duced benzene toxicity was published
by Selling In 1816 (Ex. 2-12). He was
able to produce both destructive ang
“regenerative™ effects in rabbits by
subcutaneous injections of commer.
clally pure benzent In olive ofl. Bone
mMBITOW Specimens clearly demonstrat.
ed a constant, well defined aplasia gs.
soclated with the dlsappearance of ley-
kocytes In the peripheral blood. Later
studiea conducted by Gerarde demon-
strated that a reversible hematopoletic
Injury In rats wes produced at a con-
centratlon of 1 ml/kg administered by
subcutaneous Injection for 14 days
(Ex. 2-64). .
In an extensive review of experimen.
tal benzene Intoxication (Ex, 43.B, Ch.
V), Leong observed that the results
from most of the Inhalation studles re-
ported up io Spring (1977) are difficult
to Interpret due to inadequacies in the
experimenial design. Many pf the
studies were conducted without proper
control groups to allow comparison of
hematologic values agalnst experimen-
1al results. Factors such as age, sex, .
strain, hormone status and to s great-
er extent, emotional reactions of the
animals and techniques used for blood

the
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Tanging from 5 weeks o 7 months, Ex-

- Dosure to the 3 highest concentations
resulted In slgnificant Jeukopenia after

24 weeks. A moderate, tut deflnite

~leukopenix wax reported in the groups
-8xposed Lo 47 and 43 ppm after 5 to 8
weeks, No demonstrable alterations
Were observéd at the 3 lowest concen-
trations during the 7 month experi-
ment. > ¥4 -

In a'preliminary report submitted to
OSHA pror to lhe rulemaking pro-

ceedings,

Reinhart found no signifi-

cant deviatlon of blood counts In test

rats ex

day,

posed to 388 ppm for 8 hours/

b days a week for 12 consecutive

weeks (Ex. 115. B.B). However, slgniil-
-cantly depreased WBC counts were ob-
served in mice, while In guinea plgs &
progrezslve leukocylosis was observed
Wwhich continued even Into the post-ex-
posure perfod. Relnhart used no con-
trol group, and the number of enimals
-used per test group Is considered to be
Inadequats,

. Pinally,’ Laskin and Coldstein pre-

pared an-abatract for the Internsation-
al Workshop on Toxicology of Ben-
zene in Parls, November 9-11. 1878 de-
scribing’ thelr chronle benzene £xpo-
‘sure studles (¢f. Snyder, 156.2, p. 5; Ex.
178)." For_ more than two years 150
Sprague-Dawley rats and 300 mice of 3
different stralns were exposed to 100

or 360 ppm benzene §

hours defly, 5

,days periweek. Anemia was observed
In mice™ut not in rats, However, lym-

~phocytopenis wes observed

in a1l ani-

sampling are known to affect hemnato- J malz without similar reduction in the

logical parameters, Because of these
deifects, many of the animal studles do
not provide sulflciently definitive ex-
T-osure-effect information.

granulocytes unti) the
of benzene polsoning.
* gests that lymphocytopenin may be an
. early marker for benzene toxlcity.
In 1844, Svirbely and colleagues ex-——Based-on-the
Posed rats to benzene vapors at a con- - ‘non-malignant b

terminal stages
This study sug-

Tecord, the extent of ©
lood disorders resuit

centration of 1,000 ppm for T hours ‘ing from benzene exposure s uncer-

per day, 5 conserutive days a week for -taln Based only

in the litarature,
a pumber af cazea
period, “due to splaatic

28 weeks (Ex. 2A-201). Benzene-ln--
duced leukopenis was ohserved during
the first half of the exposure
Iollowed by an Increase In the white
cell count during the latter part 'of the _
experiment. The signlficance of these

On reports contained
Jandl has caleulated
and deaths annually
anemla In the Onited

Stales, Based upon data derlved from
several consecutive case seripg over the

past.15_years,
results is unclear since simlilar shifts in™ ‘2%, Tprobabls”

Jandl estimates that a
and 2% possihle” ben-

the white cell count oceurred In the - zend_etology for cases of aplastic
non-exposed control group. 7 . anemia s (presumably gt Including
The hematologlcal findings obtained  milder™ dizorders such a5 pancyto.
in Inhsalatfon experiments at lower - penia), Using the annup] figure of 420
concentrations have demonstrated — cases of aplastic agemia |y the United
considerable variation. Guines pigs  States,-Jandl arrived at BN approxima.
and rats exposed to an average of 88 tion that *ahout 10 ang Possibly 20 pa-
bprm benzene for 8 hours per'day for 5 tient dis annually due tgo benzene ex-
dz2ys 2 week demonstrated a mild leu-. * posurs.”.(P.C. 26B, p, 40-1, 86-87),

kopenia after 32 and 136 days of eXDO-,
5Ure, respectively (Cf Leong, Ex. 43.5,
DP. 89-B0), Delchman et al. reported in,
1963, that benzene can effect hemato-, -

.;~Coldsteln suggested seyprn
--why the true Incldence of

1 reasons
bPaneyto-

loglcal changes, at even Jower concen™ 438, pp. 138-39);

trations (Ex. 2-16). Elght groups of.
Tats were exposed to ‘benzene vapors at
average concentrations of 831, 65, 61,
47, 44, 31, 29, and 15 Ppm, respectively,
The duration of exposure wsas 5 hours
per day, 4 days per week for perlods

-(a) That mild cases o
may ' not be discaversd
tor since they often
symptoms.

by benzene Is n phenorm,

f pancytopenia
unless searched
Cause np overt

(b) That since hematox!clty Induced

.3
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" 35, p, 320,

known to the medical community,
such eases tend not to be recorded In
the lterature, and

(e} In cases of Idiopathle rplastic
anemia, possible relevant exposure to
benzene may have been pverloocked.

OSHA believes that the present data
does not permit an accurate assess-
ment of the morbldity or mortallty for
benzene-induced on nonmallgnant
blood disorders.

C. CONCLUSIONS

Industry participants have argued
that the present permissible exposure
Ymits (10 ppm TWA and 25 ppm cell-
Ing) provide adequate protection
against the nop-mallgnant effects of
chronie exposure to benzene. (AIS1
brief, PC 38, p. 51, 66: MCA brief, PC

Snyder has noted, “i{Jn both anl-
mals and man the lowest level of expo-
sure demonstrated to produced bone
marrow toxicily was approximately 40
ppm.” (Tr. 3224-25). Elkinsg beleves
that threshold-for Injury to the blood-
forming system Is hetween 25 to 50
PPm (Tr. 3210); Tabershaw (Ex. 149A,
P. 8) stated that cytopenia has not
been demonstrated to occur below 25
Ppm. ACGIH (Ex. 158.3D) and the In-
ternational Workshop on Toxicology
for Benzene, both recommended n 10
f));)m TWA and 26 ppm celling. (Ex

Attention was drawn to the Dow
morbidity study in which no abrniormal
blood findings were observed among
287 workers exposed to benzene for 1
tb 20 years, at concentrations estimat-
ed to range from 2 to 30 ppm (EXx.
154). . e e e

The Pennzoll Company comrmented
o OSHA that from the past nine
years, 160 employees exposed to 1-8
pPpm benzene have been monitored by
blood test, with up to 25 years work
experience for some there has been

."no clinical evidence of medical prob-

lems assoclated with benzene'™. (Ex.
41.1, p, 2). However, no data were pre-
sented to allow an assessment of this
statement. Others have reported sl
lar views to OSHA agaln without
formal presentation of data. (Joyner,
Tr. 2288-87; Texaco, Ex. 41-4. p. 2.
P.P.G. Industries, Ex. 841, p. 2 and
Up John, Ex. 8-4, p. 1), It should be
noted that these submissions Wwere
characterized by the Americara lron
and Steel Institute as largely == * *
anecdotal In nature” (Ex. 36, p. 84 In
further support of its position, indus-
try clles the 1974 NIOSH criterim doc-
ument recommendation that x 1 O ppm
TWA as a “conservative limit” ¢ Ex. 2-
2, p. 73), . .
It Is-clear, there *is no dispiite Lhat
bone marrow toxicity ecan result {rom
exposure to benzene above 25-40 ppm
range. Furthermore, It {s recosmnized
that higher dosages produce Increased
response and that lower dosages are

10, 1978
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" associated with reduced response. It i3
pot clesr, what adverse health effects
i; occur below 20 ppm. .

There are suggestions of hematologh
- cal alierations (other than chromoso-
mal sberrations) st concentrations
below 25 ppm. Pagnotto et al. indleat-
ed tha! such eflects occurred mmong
workers employed In rubber costing
-~ Industy exposed to concentrations for
the most part between 6§ and 25 ppm
benzene (Ex 2A-116; Tr. pp. 360-381).
Horiguchi has reported small changes
In leukoeyte function concentrations
a9 low as 10 ppm, in the esbszence of
" many mwarrow change and with only
. Flight variations in leukocyte count
and leukocyt phagocytle aetivity
among workers exposed to benzene in

~. congentratlons of 0.8-8 ppm (Ex 2A-

181, p. T). And there are also other re-
. ports of less apparent effects at alr-
" borne levals of 8-18 ppm In workera

*. who do not exhiblt characteristic he-

=. manatologlcal abnormalities. (Kahn and
Muzyka, BEx 2A-260). It is not possible
at this time to establish with any con-
fldence a consistent dose-response re-
iationship between benzene exposure
and adverse health effects. :
‘Where exposure Information is avall-
able, it Is generally area sampling and

% not personal exposure data that is re-

ported. It Is difiicult to determ!ne indl-
vidusl worker exposure based on area

are problems related to the fluctuat-

#t. ing character of occupational expo-

sure; the small amount of long-term
* data: and the Isct thet in smsll popu-
. 1ations, workers with heightened sensi-
- tivity may not be encountered. Ab
. Jower exposure Jevels, there is a paucl
% ty of data to provide a basis for defini-

nonmalgnant effects. In this regard
Battle states that: : .

. [Elven a cursory study of the Uberabure

e Teveals o distressing lack of exposure-hema-

B- tologle effect data particularly in the low
> benzene exposure area of less than 10 parts
per milion. (PC 36C, p. 2).

- Moreover, the absence of pre-expo-
sure hemsatologleal values for com-
parative purposes limits the usefulness
of the few studies and reports which

whether & particular-worker studled
with blood values at either extreme of
the normal range 1s suffering adverse
effects. Therefore, the aveilable Htera-
ture I3 Insufiiclent to permit construc-
tion of dose-eifect curve.

-« Ag Indicated above, the quelity of

evidence availsble in the record s con-
sidered insufflelent to permit mean-

%€ ingful concluslons concerning expo-

-“sure to benzene at low levels and re-
; sulting health effects. Industry, par-
ticipents have cited the 10 ppm level

¥ established by the ACGIH =5 evidence

* that this level can be considered sale.
Bowever, .in establishing TLV's,
- ACGTH recognizes that for some work-

sampling. Compounding this difficulty .

. tlve concluslons as to the extent of’

are avollable, becsuse we cemmot tell”

RULES AND REGULATIONS -

ers harmful health e{fects may result
{from exposure to the toxic substance
at levels below the TLV. Therefore,
the 10 ppm TLV for benzene is recog-
nized by ACGIH as a level which does
not protect all workers from material
impairment of health.

Leukem!s aside, with benzene we are
denling with an etlological agent well-
documented to produce a vaerlety of
blood abnormalities, some of which
are fatal. OSHA Is aware of several
studies reporting blood abnormalities
at levels below 25 ppm, at levels per-
haps as low as 10 ppm, Becanse of
these conslderations, and the wide

Tange of human sensitivity to benzene,"

OSHA cennot determine & minimum
effect level for benzene and, further-
more, cannot conclude that 10 ppm
provides sufficlent protection against
non-neoplastic effects to all workers.
OSHA recognizes that prudent publie
health pollcy, and established toxico-
jogical principles necessitates setting
the permissible exposure Umit suffi-
clently below the levels at which ad-
verse elfects have been ocbserved to
assure adequate protection for all ex-
posed employees. It I3 customary to
use a safety factor of 10-100 or greater
dépending on the serlousness of the
toxic effects and the nature of the
dats being relled upon. That ls, the
lowest levels at which effects’had been

. observed would be reduced by the
safety factor chosen In éstablishing

the exposure lmlit. Taking this ap-
proach In the case of benzene would
lead o .2 permissible exposure sub-
stantially less thaen 10 ppm without
regard to the issne of leukemia end
the view that no safe level can be es-
tablished for the carcinogenic risk.

. IV, LEUEEMIA

A. DEFINITION AND DESCRIPTION OP THE
DISTASE

Robbins defines leukermia as:

Leukemlas msay best be considered as a
neoplasm (cancer) of the white blood cells
and i so classified in the International Lists
of Causes of Death. It Is characterized chiel-
ly by; The appearance of abnormal, Imma-
ture white cellz in the circulating blpod: dif-
fuss and -stmost total-replacement of the
bone marrow with the lenkemile cells; and
widespread Infiltrates of the MNver, splecn,
and other tissues, anslogous to matastatle
dizsemination of solid tissue cancer, (Ex. 2-
24, p. 728).

Once leukemla Is dingnosed there 1s
virtually no chance of recovery. There
are different categories of leukemin,
depending on the duration of the dis-
ease, I.B., acute or chronic; an incresse
or non-ncreese in-the pumber of sb-
normeal cells, Le,, leukemis or aleuke-
mis; and the cell type involved, le,
myelord, monocytic or lymphold.
Gcldstelnl also emphaslzes that, “'there
nre other differences between various
subtypes of leukeml!a {n terms of Inel-
dence, clinlcal course, prognosls and

3925

presumsably etlologicsl
(Ex 438, p. 156).

The most prevalent subtype ol leu-
kemla In adults, and the type most
commonly essociated with benzene is
acute myelogenous leukemla (AML).
This disease is varlously known &S
nrute myelold leukemin, mrcute granu-
locytic leukemia, and acute myeloblas-
tle leukemia (ORC/Jandl, PC 34).
There are several varlants of AMIL,
probably related to Lhe pluripotential
of the precursor cell and include
erythroleukemia, (DIGuglielmo's Syn-
drome) and acute monocytic leukemie
tmyelomonocytic, or monomyelocytic).
(ORC/Jand), PC 34, p. 71).

Despite advances In leukemlia ther-
epy and the fact that half the adults
dirgnosed with AML enter Into & re-
mission (generally averaging 6 to 8
months) the prognosis of this disease
remains poor (ORC/Jandl, P.C, 34, D.
73). Those who enter imto remlssion
have lfe expectancies averaging from
12 to 18 months, and those wha Iail to
respond to therapy have =a 50 percent
survival rate of only 3 to 6 months.
Ak¥spy noted that in his experience,
for cases ol benzene-induced leuke-
miss, the period of survival after dis-
covery was short, usually less then 6
months (Tr-275).

Myeloprollferative disorders, includ-
ing chronic myelogenous leukemia
{(CM1.) have only ocecasioryally been ab-
tributed to benzene. Lymphocytic lev-
Xemia is also subdivided inito acute and
chronie subtypes. The acute form
(ALL), the type commomnly seen in
children, has only rarely been assocl-
ated with benzeme exposure. Chronic
Iymphocytie leukemia (CIT.L). a slowly

' progressive disease, and often not a

. cause of death, generally occurs late in
life. There have been several reports
assoclating CLL with benzene, most
particularly in several Teports of
French origin. The evidence us to
chronic lymphoeytic lenlcemia, which
will be discussed In detmil later, does
not appear to be conclusive.

mechanlsm”

R. STUDIES—HU DMAN

Evidence in the record clearly dem-
onstrates-that benzene is & human leu-
kemogen. Aksay testified that the first
case of leukemia due to P eDZENE €xpo-
sure was that publishe@ by Noir and
Claude in France in 1897. (Aksoy: T
154), In 1939, Mallory, et 8L described
two cases of leukemin xesulting from
chronic exposure to bemzene which
supplemented ten previowsly reported
in 1935 by Penati and "V igilani. (Mal.
lory, Ex. 2-9), Mallory et Bl stated:

— _ Cerlalnly no more {avoreble conditians
for the developmeni of neoplasm can be
. “Imngined than-prolonged arad intense stimu-
lation of reproductive activity, and stmulta.
neous arresi of maturation.
The evidence that chroxiic exposure lo
benzens produces Jencemia L3 hiwpan bewnzs
is 5till incomplete bul it is a ccumulsling ats

FEDERAL REGISTER, YOL 43, NO, 29—FRIDAY, FEBRUARY 10, 1573

DBRZ001 103

b



5926

rate and to a volume which command serf-
ous consideration (Ex, 2-9, p. 165).

In 1865, in a partial review of the lit-
erature, Browning tabulated 81 cases
of leukemia among Individuals having
reported prior exposure to benzene
(ExX 2-31). The majority (40) were of
the myeloid serles—including 12 cases
of erythroleukemia, 7 were classified
25 lymphatle and the remaining 14
grouped under the heading of “aleuke-
mic lenkemia” (a type characterized
by a decline in white blood cell
number), .

Vigliani and Saita, In thelr review of
47 Individuals suffering from benzene
hematoxicity between the period of
1842 and 1963, presented clinieal and
laboratory accounts of six additional
cases, rll of whom were diagnosed as
having haemocytoblastic leukemia (Ex
2-27). The duration of exposure of
these individuals to resins, Inks, var-
nishes, or glues contalning varylng
concentrations of benzene ranged up
to 19 years. Data on the concentra-
tlons of benzene in the workplace envi-
ronment were extremely limited or
non-existent. Occupsational histories
and medical status prlor to the final
dizgnoses were not ayallable, but the
authors stated that “attributlon of the
cases {of leukemia cited) to the expo-
sure cannot be doubted,” During the
years 1962-63, Viglian! and Saita noted
a sharp rise in the dirgnosis of lenke-
mia among Individuals having report-
ed prior exposure to benzene which co-
Incided with an Increase In the
number of newly diagnosed benzene
polsoning cases The risk of acute leu-
kemina for the worliers exposed to ben-
zene In Milan and Pavia was estimated
to be about 20 times greater than the
risk for the peneral adult population.
(Ex. 2-2T). In 1975, Viglianl and Forni
observed that In the rotogravure in-
dustry no new cases of aplastic anemia
. nor of leukemis were found among
workers exposed solely to tolusne
after this solvent wsas substituted for
benzene In 1964. Although there have
been some reports of hematological
disorders associated with toluene ex-
posure (See Girard et al.,, Ex. 2B-283),
the finding of-Vigliani—Is—in concert
with the conclusion of Brair that, to-
luene and benzege are ** * * quite dif-
ferent chemical entities irom toxicolo—
gical and pharmacological points of
view” and thal, “toluene free from
benzene can be safely used in industry
as a suitable solvent In replacement of
benzene,” (Ex. 39-5, p. 7). Vigllani and
coworkers slso observed that workers
exposed to toluene did not exhiblt
chromosomal aberrations, a "finding”
observed by these authors.in employ-
eés who worked with benzene.

In 1972, Aksoy et al. reported the
deaths of 4 Turklsh shoemakers re-
sulting from thelr exposure to benzene
for periods raniging from 6 to 14 years
(EX 2-20). At the time of the study, alr A

t  FEDERAL
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concentrations were found to be be-
tween 150-210 ppm of benzene. Previ-
ous occupational exposure data were
not provided. Two of the four patlents
developed acute leukemla approxi-
mately two and three years after the
occurrence of aplastic anemlia, al-
though the other two did not. These
case reports are supplemented by sur-
veys of newly dlagnosed cases in a
medical referral area. Aksoy summa-
rized and updated his findings at the
benzene rulemaking (Ex 60}, He point-
ed out that from 1967 to 1673, he had
observed 28 patients with acute Yeuke-
mia or preleukemis* associated with
benzene exposure. Based on a popula-
tion of 28,500 shoeworkers in the area,
AXksoy estimated the incidence of leu-
kemia to be twice the prevailing value
of 6/100,000 observed In the genersl
population of Western nalions. From
September 1973 to 1975, 14 additional
cases were admitted to the hematology
departments in Istanbul and Cerra-
phasa Medical Schools making n total
ef 40 In all, Thirty-four of these pa-
tients were smong the groups of
shoeworkers describe@ previously.
Aksoy efther examined the cases
sonally or reviewed the charts,

APT has criticlzed Aksoy’s use of the
basellne figure of 8/100,000, citing =
statement from Clemmenson, that the
Incidence rate for a standard Europe-
an population is 8 to 14/100,000 (API
Ex. pp. 50-51). However, Aksoy has
testified that the two-fold excess esti-
mate . AmOong benzene/exposed
shoeworkers may be underestimated
since the incidence of leukemia pmong
the Turkish populstion is only 3.0 per
100,000. Moreover, Aksoy stated that
“undoubtedly there were other addi.
tlonal patlents among shoeworkers
who were not Included in our study”
(Ex. 81, p. 2). Aksoy’s findings of a de-
cline In lenkem!s cases during the past
several years after other solvents were
substituted for benzene (Aksoy, Ex. 81,
89. pp. 2-3) further provides, in an In-
verse manner, additlonal supportive
evidence for the cansal relationshlp
between benzene and leukemia. This
{inding: reinforces the resnlts of vig-
Han{ discussed above.

In his testimony, Marvin Sakol, an
Akron hematologist, descrlbed what
he considered an epidemic of a rare
form of leukemia rmong workers em-
ployed In & smell department at r local
Industry (Ex. 61). Over a nine yesr
perlod, beginning in 1954, he observed
nine cases of acute myeloblastic leuke-
mia, Including *“at least four and prob-
ably all nine” with DiGuglielmo leuke-
mia (erythroleukemia). Due to, the

*The criterla used for the dlagnosis of pre-
leukemin were slmilar to Lthose of Wintrobe:
“[Plreleukem!a seems a reasonzble term
** * when Lhix diagnos!s ol AML may be
suspected but cannot be made with any con-
lldence.” (EX. 3-107, p. 1477).
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rarity of erythroleukemla Vigliani
noted that the 20 or more cases attrib-

utable to benzene, reported In the lit-- e

BN

erature seem to be significant (Ex 2.
49). Diagnoses from slides In some of
Sakol's cases were confirmed personal-
1y by DiGugllelmo. He leamed with
much diificulty that all of these cases
were exposed to benzene whilee pm-
ployed in a Pliofilm operation at s
plant subsequently studied by Infante
el al. Sekol testified that he had
knowledge of additional cases of ben-

zene-related leukemia which have not . 3

been Included in the NIOSH study.
These cases may never be recorded of-
ficially because the famillies refused
permission to release the names of the
decedents for fear of loss of compensa-
tion and job. This testimony Indicates
an underestimation of the leukemle
risk among Pliofllm workers.

Based on the hypothesis that the o

risk of leukemin was higher mmong

workers who were exposed to benzene --

and medical "X-rays, Ishimaru et al
conducted a retrospective epidemlolog-
ical Investigation examining the rela.

tlonship between occupation and envi-- <

ronmental factors, other than .A-bomb
exposure, and the {ncidence of leuke-

mia In Nagasak! and Hiroshima be- ..
tween 1945 and 1967 (Ex. 2-33). Fif- :

teen occupatlons were selected In
which there had been exposure to

elther medical X-rays or solvents, es- |

pecially benzene and its derlvatives.
This case-control study compared all

cases diagnosed as definite or probable

leukemlas between 1845 and 1967 and
residing at the time of the onset of the
disesse, In Hirosh!ma or Nagasaki

.Controls were matched for city, sex,,

date of birth (+30 months), distance
from the atomic bomb explosion, and
residence in either city st the onset of
dlsease, Four hundred ninety-tswo leu-
kemia cases were Identified, and
matched controls were obtalned for
413. Three h‘u.nd{ed and three aduli
cases with the onset of leukemia at
Bge 15 years or over and their controls
were compared. The risk of leukemia
was found to be slgnificantly higher
{about 2.5 times greater) among those

~with a history of employment_in_occu-

pations In which various volatile sol-
vents were used as compared to those
without. The relatlve' risk was 1.8
times higher for chronic leukernia and
2.9 times higher for acute. Eighiteen of
the leukemlz cases associated with sol-
vents were located In distant annd non.
exposed radiatlon areas and were con-
sidered too I[ar from the A-bornb ex-
plosion for radiation to have enhanced
the Increased risk. Accepting the
source of error inherent in the method
which was used to ¢pllect:the.data, the
results of Lhis study nonetheless rein.
Iorce the observatlon 'that an increase

- In leukemia existed In that portion of

the populatlon exposed to radiation
and employed in an occupatlorn where
solyents especlally benzene, were used.
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) In 1970, Girard et al. published an
- _ epldemiological study (Ex. 2B-283) un-
dertaken to determine previous expo-
sure to benzene or toluene in 401 pa-
tients sulfering from malignant hemo-
pathies. Extensive Interviews about
thelr work environment and chemical
analyses of solvents were utilized to es-
timate exposure. Their findings dem-
F onstrated that compared to a control
! group sdmitied for non-hematological
disesses there was a statistically sig-
nificant greater irequency of past ex-
posures to benzene or toluene among
subjects with aplastie anemia, chronle
lymphocytic lenkemis and acute leu-
kemio. .

In April 1977, NIOSH submitied to
OSHA a preiiminary report by Infante
et al’ of » study of leukemis among-
benzene-exposed workers employed in
the production of natural rubber cast
film (Pliofflm) (Bx. 2-57, Bx. 2A-271).

The study Inciuded s}l white males
pssigned to the Plofllm productlon

ares who were hourly employees and
who at any time between January 1,
1940 amd December 31, 1949 had direct

_exposure to benzene at the Goodyesar
A¥xron and St. Mary’s plants. Only the
men employed in a section having
known potentlal exposure to benzene
¢*wet slde’” In Industry termainology
(Rinsky, Tr. 818-820)) were included In
the cohort. Men employed in the Plo-

- film operetions, but not in production -

jobs (so called “dry side” workers)
were not included in the study.

Follow-up of vital status was attempt-
ed {rorm termination of employment to
June 30, 1975 and’ was achleved for
75% of the total of 748 benzene-ex-

- posed workers. So as pot to overesh-

mate the true risk of lymphatle and
hematopoietle malignancies associated

__ with benzene exposure, the 25% of the
cohort for whom vital status was not
determined were assumed to be allve.
Litile or no quantiiative exposure data

. existed for these plants. .

Causes of death were determined
from death certificates, and person-
years b risk were determined by a
“modified life-table method. Person-
years of observation—and—canses- of
. death_were determined irom Januery,
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served, 1.48 deaths expected, p less
than 0.002)

Criticisms of various aspects of this
study were raised by partlcipants to
the rulemaking. The issue of what
level of benzene the workers in the In-
fante et al. cohort were exposed to was
the most dlscussed ares. Participants
criticized the Informatlon avallable in
the Infante study. The study referred
to 8 November 1846 report of the In-
dustrial Commission of Ohlo which in-
dicated that: “Tests were made with
benzol detectors and the results indi-
cate that concentrations have been re-
duced to a safe level, and in most In-
stances range {rom 0 to 10 or 15 parts
per milion.” Comments at the hearing
demonstrated that there were ares ex-
posures. durlng this study perlod ex-
ceeding these levels, at times reaching
values of hundreds of parts per mil-
llon. Since no personal monitoring
data are avallable, any conclusion re-
garding the actual individual tilme-
welghted average exposure Is specula-
tive. Because of the lack of definltive
exposure data, OSHA cannot derlve
any conclusions linking the excess leu-
kemia risk observed with any specillie
exposure level

The study was also critleized for
combining the two separate plants in
the same nnalysis. It was suggested
that an Independent analysis of the

two plants would produce difierent re-..

sults, thereby suggesting that factors

. pther than similar exposure to & single

agent (benzene) contribute to the
excess leukemia. (Lamm, Tr. 2538),
OSHA belleves that the use of non-
age-adjusted lenkemia death rates, as
utlred in Lamm’s analysis, Is inappro-
prizte for the assessment of an event
nssociated with rge. Therefore, OSHA
beliéves that this criticism I8 unsup-
portable on this besis. Moreover, the
ecohorts were combined based on the
similarity of the processes In the two
plants (Tr. 842). Also, becanse of the
small number of subjects in the study
cohort, the sauthors siated that b
wonld be inappropriate to analyze the
data separatedly for the two plants
(Infante, Tr. 935, 798-87).

A guestion has heen raised by Indns-

-1, 1950 to December 31, 1875. Two con-.
trol populations were used to generate
the numbers of expected deaths In the
< study. The firs{ comprised the US.
* white male populstion, while the
% second was white males employed In
& anOhio fibrous glass production facili-
i “ty during the 1940's and who had
iE: - achleved flve years of employment by
_. June 1,1972,
7. The most striking finding was the
“:Observetion of & statistically . signiii-
-cant (p less thsn 0,002) flve-fold In-
+ creased risk of dying of leukemia com-
¥ pared to the U.S. male rates (7 deaths
& oObserved va. 1.38 deaths expected, p
less than 0.002), as well as to the {i-
brous glass workers (7. deaths ob-

try participants ss to the validity of’
excluding the “dry slde” (Plofllm fln-
ishing) workers from the study cohort
(Lamm, Tr. 2638-209; AFI, PC 33, p. 42~
43), As explained by one of the au-
thors, these workers were never In-
tended for inclusion In the cohort fol-
jowing discussion with company per-
sonnel indicating tbere wzs no ben-
zene. exposure on the dry side (In-
fanta, Tr. §29-30). Testimony was also
offered-that if “dry side” employees
had job operations which kept them
predominantly on the wet side of the
plant, then those employes were in-
cluded in the cohort (Tr. 831), Limited
date subsequently released by the Unl-
versity of North Carollna a{ the
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OSHA nheering Indicated that there
may have been some benzene exposure.
(0, 11.8 20 ppm) on the *“dry side™.
However, there were only 3 sample
points and no detalls were glven as to
sampling locatlons, duration of sem-
pling, or definition of departments, to
permit interpretation of this Informa-
tion (Ex. 187B.8, Table 3, p, 10). In-
Iante testifled that s cursory examina-
tion of “dry slde” workers revealed no
leukemias. However, Infante stated,
#» » » there really are not enough
people who are employed on the dry
side who never went into the wet side
to make & meaningful conclusion
about that (leukemla deaths from ex-
posure among workers on the dry
gide)” (Tr. 830), Rased npaon the above
considerations, It appears that the
"dry side” workers shiould not have
been included ss was the case.

A guestion was ralsed as to whether
the study demonstrated the true risk
of leukemia among worlkers exposed to
benzene (Tr. 311). Sakol referenced
two cases of leukemlia at the same
plant which he personally dlagnosed,
which were not so certified on death
certificates. He clied &these cases in
support of the substantial underascer-
tainment of leukemia mortallty in the
study of Infante et. 8l., due to thelr
sole rellance on death certificates.

The use of the Connecticut Tumor
Registry data to determine the expect-
ed number of type-specliie leukemla
deaths for the Infarate cohort was
criticized. Jandl caleulates that the
tenfold excess risk of myelogenous
and monocytle leukernia found by In-
fante et. 2. may have been off by at
most 8 factor of two. (ORC/Jandl, PC

. 34, p. TT). LAlso, there i= a counter-bal-

ancing underestimate o©of the risk be-
cause mt the time of ktlie report, only
75 percent followup ha«<l been complet-
ed and the remaining 20 percent of
the study population were all regarded
in the statistics as being alive at the
end of the study period. Both the
stengths and weaknesses of the In-
fante et. al, study have been carefully
evaluated by this Agericy. OSHA be-
Heves this study is one of the more de-
finltlve Investigations im the benzene
literature and provides additlonal evi-
dence supportive of carlier studles
which Implicate benzex3€ exposure and
the subsequent development of leuke-
mia. . .

An opposite result wasS obtalned ina
Tabershaw-Cocper  .Associates Inc
mortality study of petroleum refinery
workers (Ex. 2-5a), ‘TIie study popula-
tion was & sample of workers from the
251 U.S. refineres opersting In 1971
The authors attempted to select s
sample of 17 U.S, refineries Lo glve 8
representative distriwation with re-
spect to geographic =&T€R. ov_.-nershlp,
and size. Hourly wox }Kers with more
than one year of worlk ¢xperience be-
tween January !, 1962, and December

10, 1573
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31, 1971, were studled. All workers
were classified as to their potential hy-
drocerbon exposure. The suthors re.
ported that better than 94% follow-up
was achieved. An excess mortality
{from lymphoma wss observed al.
though it did not achieve statistical
significance,

Subsequently, the study was expand-
ed to Include 5.145 workers who had
been hired on or belore 1843 and who
were working sometime durlng Jann-
ary 1, 1962, through December 31,
1571. No excess morteallty from leuke-
mia or lymphomas was observed in
this subpopulation having 20 or more
years since flrst hydrocartbon expo-
sure. Gaffey, one of the authors of the
study, stated that the study had been
commissioned not speclfically to study
the effects of benzene, and in fact he
could not delineate what proportion of
the study populatlon hed ever been
exposed to benzene (Tr. 1343-1344),
Morcover, 3 adduced during the hear-
Ing, Gaffey ascknowledged that there
was no industrial hyglene assessment
of the work environment (Tr. 1251) to
provide the basis for identlfying which
workers may have been exposed to
benzene. .

Because thls study was designed to
assess potential effects of “hydrocar-
bon” and not benzene exposure and
since no group of workers exposed to
benzene was clearly identified, this
study provides no relevant informa-
tion a3 to the leukemogenlc risk of ex-

- posure to benzene. Therelore, OSHA
does not view this study as providing
negative proof that benzene does not
cause leukemia.

. Dow submliited a study which. ad-,
dressed the incidence and mortality of
Jeukemis among benzene-exposed
‘workers (Ex. 1564). The mortality expe-
rience for all employees occupational-
ly exposed to benzene from 1940 to

1973 was studied. Expected deaths

‘were calculated using sge-cause-specil-
ic mortality rates for the correspond-
ing U.S. white masle population from
1942 to 1972. Each of the 594 workers
were classified In epproximate ben-
zene exposure categories. A rough cu-
mulative dosage was caleulated. When
consideration was given to the Inci-
dence of myelocytic leukemis, the au-
thors concluded that a statistically sig-
nificant excess was demonstrated (3
deaths observed vs. 0.B expected, p less
than 0.05) (Ex. 154, p. 12). Mortality
data were analyzed by production
areas and according to cumulative
dosage and length of occupational ex-
Dosure. Those people In the cohort
who had exposures to known carcino-
gens were excluded [rom analyses
deallng with dose-response in relation
to'benZene ‘exposure. oL

An increase In leukemia Incldence
was observed In the population where
2 deaths were observed vs. 1.0 expect.
ed. An additional death resulting from
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mpyelogenous leukemia was identifled
among the study cohort subsequent to
the earller published report. Based
upon thelr findings the authors stated
that: ’

In these cases, varled work histories. low
levels of potentlal benzene exposure relative
to other employees in the cohort, and the
lack of informatlon in regard to total medl-
cal history made B retrospectlve sssessment
of the possible relationshlp to benzene ex-
posure very judgmental.

(Ott, Ex. 154, p, 122

However, based upon the recent find-
ing of the third death due to leukemia,
Dow lowered jts Internal cefling limit
from 25 ppm to 10 ppm (Ex. 812).

In addition to the 3 deaths reported
due to lenkemia, 2 denths attributeble
to non-malignant blood disorders were
also reporied: aplastie anemlz and per-
niclous anemia. (OH, Ex. 158, p. 9.)
Deaths attributed to aplastic anemla
without examination of bone marrow
aspirates, may In actuality, be due to
leukemla (Viglieni Ex, 2-15, p. 123),
thereby potentially resulting in an un-
derestimation of leukemia rlsk among
the benzene-exposed cohort,. :

OSHA recognizes that the decedents
were for the most part exposed to rela-

" tively low concentrations of benzene,

and no leukemia desths occurred .In
the higher exposure groups. However,
because of the small population size as

* well as the possibility of sensitivity of

those Individuals developing leukemis,
it cannot be concluded that these
deaths are not caused by benzene ex-
OBUre.

P . -

OSHA does conclude that the find-
Ingx of this study are consistent with
the findings of many studies that
there 13 an excess leukemia risk among
benzene exposed employees.

Allled Chemiesl Corp. submitted a
post-hearing comment contatning mor-
tality data for employees with poten-
tial benzene exposure (P.C. 22). Denth
certificates were obtained for all work-
ers dying between 1961 and mid-1977.
Rough exposure Information was de-
rived by back extrapolation, limilted
exposure data, and subjeclive reports
ol smployees regarding slgns and
symptoms. Based on these estimates of
benzene exposure, there was no ob-
served cluster of leukemian I oper-
ations having benzene exposure. Be-
canse this study was presented to
OBHA after the hearing closed, more

- gpecific detalls concerning the: esti-
. mate of exposure, the method utilized

for obtaining estlmates of person-
years st risk, or how the death certlfl-
cates were coded were not obtalned.

-In 1974, Thorpe reported that the
Incidence of leukemia, among = popu-
lation .0f).38,000 workers exposed to
low levels of benzene over a ten year
period (1682-1972), was not statistical-
ly different from that expectad on the
basis of the general population (Ex. 2-
34). However, the study has been critl-
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cized for the relaxed casefinding tech-
nilgues and analytical methods
(Brown, Ex. 2A-35). Thorpe hilmself
acknowledged the followlng serious
"methodologic defleleneies:

L. Validity of levkemlc diagnoses.

2. Quantitative determination of exposure
levels,

3. Adequacy of retiree follow-up,

4. Complete occupations! histories.

As In the case of the Tabershaw/
Cooper study, OSHA cannot separate
the benzene-exposed workers from
those with Httle or no exposure. This
difficulty, compounded by the 4 defi-
clencies listed above, also precludes re-
lance upon the finding of the Thorpe
study.

University of Pittsburgh investiga-
tors (Lioyd, Redmpnd, Ex. 113> have
published & notable serles of epidemi-
ological studies of steelworkers mortal-
Ity. AISI (P.C. 38, pp. 59-80) cited the
above studles as evidence of no leuke-
miz risk among benzene-exposed coke
oven workers. Most notably, the indus-
try cited the fact that byproduct plant
coke oven workers were not found lo
have been at excess risk (P.C. 38, p. 60)
and recommended that coke ovens be
excluded from the benzene standard
(P.C. 36, p. 100).

However, as Bickmore stated:

® * * In all 35, the expected, the incident
(SIC) of mortality and expectation tx =0 low
as to preclude any meaningful statlstizal
calculetions by the professionals that made
the study, (Tr. 3314) i

These coke oven worker studies were
designed to assess worker risk of expo-
sure to coke oven emissions (Ex. 113 p.
J13P.CL27C p. 1, P.C. 27D po 1), Given
the small numbers of observed and ex-
pected rates of leukemla, and Ln the

absence of a study designed to mssess

coke oven worker exposure to benizene,
OSHA belleves it Inzppropriate to rely
on these studies as evidence that thers
Is not a leukemia risk of exposure to
benzene. - . .

During the hearing, Stallones dis-
cussed the unpublished study of 3,800
Shell Ofl Company workers with “po-
tential” benzene exposure (Ex.

.115€:2)-Among this population e tes—

tified that he observed no excessive
leukemia mortality in the three year
period ending in 1976. Stallones could
not determine how many workers wvere
exposed to benzene. In fact, clerk s and
officer workers were included in the
study group. Again, {ailure to correct
ly identify or deflne a benzerz-ex-
posed cohort limits the usefulnsss of

- this atudy,

A scries of published and unpub-
lished epldemiologic studies Investizat-
ing the mortality. experience of . ruabber
workers have been entered Into the
hearing record. (McMichaels et al. Ex.
2-38, -37T, 2B-295)% Monsan und
Nakano (Ex. 2-83); Fox et al. (Ex. 2-
81); Andjelkovic (Ex. 2-54); Occupa-

w1978 .- O .
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tlonal Health Studies Group, UNC
(Ex. 1811.B), These studies have, Iin
general, shown ‘excess of lymphoma
and leukemia mmoOng rubber workers.
The leukemia was predominantly Iym-
phatie,.a cel} type not commonly asso-
ciated with benzene. The proportion
of rubber workers actunlly exposed Lo
benzene In these studies !s undeter-
mined The presence of other chemical
exposures raises the guestion of an al-
ternative causatlve agent for the
excess of lymphatlc lsukemiz and lym-
phoma ohserved among rubber work-
ers. In view of these considerations,
these studies provide no additional evi-
dence for the leukemogenic potential
of benzene. ’

There has been discussion whether
benzene s A primary carcinogen {can
directly effect 2 neoplastic alteration
without host-mediated activation), a
secondary carcinogen  (chemicals
which may Increase susceptibility of
cells, to = primary carclnogen); a pro-
carcinogen (requires biochemical al-
teration prior to effect); or & co-car-
cinogenn (which requires the interac-
tion of another chemical to elicit a
neoplastic response). (Olson, Tr. 2892;
NRC, Ex. 2-4, p. 1I; API/NPRA Briel,
P.C. 33. p.88-8T; Aksoy, Tr. 11T, Furst,
Tr. 1744; Btockinger; P.C. 32-H, 53);
Welsburger, P.C. 32-I; Tabershaw Tr.
2540, 2645). The evidence is, at pre-
sent, insufficlent to choose among
these alternatives. Namely, what Is ap-
parent, however, Is the effect of ben-
zene exposure—a  slgnificantly . in-
creased sk of death Irom leukesnia.

Types of leukemiz clearly assoclated
with benzene exposure include acute
myelogenous leukemia (AMI) and its
variants. For example, Aksoy testified
that among 40 cases- ol leukemia
among benzene-exposed workers In
Turkey, AML and its varianta were the
most frequently observed form (Bx.
60, p. 7). In the experience of Vigliani
and his coworkers, only acute or suba-_
cute myelogenous leukemiss were ob-
served (Ex. 2-49). The predominant
cell {ype found by Infante (Bx. 2A-
271) and others were also myelogenous
In character. This well-established as-
soclatlon betweeri benzene and AMT 15
in concert with the well'’knownm toxic
effects of benzene on bone marrow
stem cells (Goldsteln, Ex. 438, p. 182),

Incontrast to the definitive relation-
ship between benzene and the indue-
tion of AML and its varisnts, there iz
considerable sclentiflo debste concern-
ing the essoclation between benzene
¥+ exposnre and the development of
X chronic forms of leukemia (CLL and
& MIT), Jandl has stated that == °

bemnzene toxlelty.” (ORC/Jandl, -P.C.
34, p, 58), and Lamm ruled out chronic
leukemis, net as  "possibility”, but as
. a “probebility’” (Tr. 2558), Aksoy
found no cases of CML among the
“workers he studled. (Ex. 60, p. 8-F),

- follows:,

1ymophoid leukemis 15 not a feature of |
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and no cases of CLL were seen by the
Itallan investigators. A different result
has been reported by several French
studies which have reported a relative-
1y high Incldence of CLL. In some In-
stances, there were more cases of CLL
than AML. They also report a hlgher
jncldence of CML then would be ex-
pected based on Aksoy's and Vigllanl's
{indings. Supporting the high Inci-
dence of CLL in the Prench studles is
the report by Tarreef which desoribes
16 ceses of leukemia which resulted
from long-term exposure to benzene, 3
diagnosed as CLL (Ex. 2-28).

The evidence i3 inconclusive as to
the relatlonship between benzene ex-
posure and the development of formns
of leukemis other than AMI and its
variants. -Viglieni stated (1878) that,
glthough he did not observe chronic
leukemias Iin his series, “there isno a
priori reason for not accepting them
as benzene-induced lenkemlas * * *”
(Ex. 2-49, p. 148). OSHA belleves at
this time that it s prudent to recog-
nlze the possibillty that benzene expo-
sure may be related to chronic lorms
of leukemia,

One of the major issues of this rule-
making 1s whether a bléod disorder is
s necessary precursor for the subse-

quent development of leukemia. For °

example, in 1574 NIOSH speculated as

It can be postulated that bone marrow
changes and blood dyscrasias would precede
leukemla if Induced by bentene, so that If

these changes were prevented leukemin
should not result (Bx. 328B),

Akspy hnaz testified that benzene leu-
kemias usually develop after a previ-
sous’ pancytopenic peried. (Tr. 198)
Mauger], reports thet, “the lenkemias
In our cases were always of the acute,
alenitemie slow developlug type, and
they were always preceded by Ianl
aplastic condltlon” (Ex. 39-10. p. 3),
Snyder remarked that he was unaware
of benzene lenkemlas without previous
demonstration of some kxind of bone

-marrow damage (Tr. 3226) and Gold-

steln has noted that, “there does not
appear to be any proven cases of len-
kemis in the sbsence of previous pan-
cytopenia” (Ex. 43B, p. 165). But Gold-
steln cautlons that this interpretation
Is, “open to speculation, especinlly in
view of the paucity of routine labora-
tory data preceding the onset of lenke-
mia” (BEx, 438, p. 165).

As ghserved by Goldstein, since the
mechanism by which benzene induces
Jjeukemia has not been elucidated, it is
possible thal leukemia develops, not In
response to the pancytopenic effects
of benzene, but rather to the direct
carcinogenic effect on the marrow he-

‘matopoietic- stem ‘cells not' pecessarily .

accompanled by any other evidence of
marrow effect (Ex. 75, p. 3} In such
events, protection sgainst non-neoplas-
tie blood disorders would not rule out
subsequent development of leukemia.
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Viglien}, in discussing the evidence
causally relating leukemiza to benzene
exposure observed that such leukemie
may occur, *'* * * directly or {ollowing
aplastic changes In the bone marrow
* P e (EX. 2-49, p. 148). In response to
a guestlon concermning whether aplas-
tic aneml!a I3 a necessary precursor for
lenkemia, Lamm responded in the neg-
ative (Tr. 2562). Also, Browning In
1565 observed thatl, “benzene leukemia
s frequently superimposed upon &
condition of aplastic anemia, bul it
can develop without a preceding pe-
ripheral blood picture characterisiic of
bone merrow aplastia (emphasis
added) (Ex. 2-31).

Finally snother Industry participant
was reluctant to conclude that cyto-
penias “always"” precede isukemlia (Ta-
bershaw, Tr. 25467, The evidence is not
conclusive, There has been noe scientif-
ic study of leukemls and preceding
pancytopenia resulting from low levels
of benzene exposure, The current lack
of 8 reproduclble benzene lenkemia
animal model forecloses the use of ex-
perimental evidence. ‘There (s no
agreement on prospective criteria for
benzene-induced blood abnormalities.
Therefore, the statement that non-
malignant pathological changes
always precede leukemia Is essentially
based on retrospective analysis. The
fact that non-malignant blood changes
may “occur’ shortly (within a [few
months) after first exposure to ben-
zene, while leukemia rmaaxy appear a3
long a3 10 years or more after initial
exposure suggests that separate eticlo-
gle nathways may be involved

A corollary issue related to preced-
Ing blood disorders {s wwhelher recov-
ery Irom such abnorraalitles climi-
nates the risk of leukermis deaths at-
tributable to benzene exposure. Rosen
has stated that: “Iwlhether reversing
the early toxiclty can prevent the de
velopment of more sexrious blood dy-
scrasias In some cases is open lo ques-
tlon, but it is a definite poasiblity”
(Ex. P,C. 26A, p. 4).

Jandl has written: “In carefully studying
other reports of long laterst periods or ol
any period between 2n Inltial aplans xnd »
terminal leukxemh In which-1bepatient-was
hemsalologieslly normal, I fatled to Nnd any
well-documented example o©of combplete re
covery [ollowed years lalex (Oeipite absl.
pence Irom benzene exposure! by arule
myelogenous lenkemh {ORC/Jandl PC
4, p, 24).

Because of the lack of informalion
with a sultably identified cohort lol-
lowed for & sufficlent nuuober of years,
It is Impossible to malca a determina.
tlon whether or not these “recovered”
workers are actually st ipcreased rut
of dying of leukemia "I iz unceriainly
hes been expressed in the conclusiont
In the Dow Chemical Company mor.
bidity studies:

The guestion lhat rermsliiy unanssered
because of the relatively syl samplr ane

¥D, 1973
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of this study, is what is the probabflity that
serlous effects of benzene (such ss leuke.
mia) will appear years after [lrst exposure
md after a period of health survelllance
during which no hematological sbnormall-
ties are noted {Dow/Flshbeck, Ex. 154, p
19),

OSHA agrees with the caveat ax.

pressed by Dow, and therefore the -

benzene regulation is not predicated
on reversal of blood abnormalities pro-
tecting against” the development ol
leukemia.

Benzene-assoclated leukemia I3 fre-
quently characterlzed by a long delay
tetween initial exposure and the onset
of disease. Sellyel and Xelemen report
a case of subacute granulocytic leuke-
mia In a patient B% years after start-
Ing to work with benzene (Ex. 2B-258).
Hernberg reported a case of a 10-year
perfod between Initial exposure and
the onset of Jeukemia in a woman with
normal Interval bleod counts who was
exposed to benzene for a total of 6
months (Bx. 217-152). In 1974, a case
of acute leukemia was observed In a
woman who, following & benzene-In-
duced anemia, was reported te have an
exposure-free period of 14 years with
almost normal blood counts (Vigliani
and Salts, BEx. 2-50, p. 214). Infante et
sl. report a range of 3-21 years be-
tween Initial exposure and death; all
but one exceeded 10 years (Ex. 2A-
272). Goldstein hypothesizes that If
benzene-induced hematologic damsage
is expressed byan * * *
aberration In ths bone marrow produclng a
stem cell that is Uable to a further muta-

genic event, such an event could concelvably
OCCUr IMAany Years uter the oriz‘lnnl lnsult.

(Ex. 4338, p. 166), —_

The delay in the expression o.( overt
disease is a characteristic of many
other carcinogenle compounds. Wlith
regard to benzene, i has been docu-
mented that there is a relatively rapid
decline In the incldence of leukemias
followling cessation of worker exposure
to benzene. Aksoy has testified that
alter the substitution of other solvents
for benzene, there has been 8 decline
in the annual number of workers diag-
nosed with benzene-leukemia (Ex. 60,
p. 3). Vigllan! and Fornl reported that
there was a sharp decrease in cases of
chronic benzene polsoning after the
use of benzene as a solvent was banned
(Ex. 2-50, p. 214). These observations
appear to be paradoxical in light of
the 1latency periods =also reported
However, Forni and 7Viglianl have
noted that, occasjonal cases of acute
leukemlia with a long latency perlod
may still be observed (Ex.2-50, p. 215)
and Aksoy, while reporting that no ad-
ditional cases of leukemia among
shoeworkers were ‘diagnesed in 1976,
noted that this did not preclude the
development of additlonal cases in the
future (Tr. 169).* The guestion of la-

* A short latency resulting from hlgh ex-
posures 13 another possible explanation.
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tency periods for benzene-induced leu-
kemias has not been resolved and re-
quires further investigation.

-Another area ao! discussjon Is the
guestion of Ildentifying Individuals
who may be particularly sensitive to
the hematotoxic effects (Including the
development of leukemia) of benzene.
Several witnesses including industry
particlpents generally expressed the
view that there probably were diifer-
ences In sensitivity (Sekol Tr. 228B;
Shaw Tr. 412; Snyder Ex. 54.2, p. 25,
Thorpe, Eckard Tr, 2052; Furst Tr.
1791-42). It appears from the evidence
that there are individuals in given
populations who may, because of ge-
netic factors and/or concwrrent or
prior exposure to other environmental
agents, be especinlly sensitive to ben-
zene-induced bloed disorders.

Aksoy and his colleagues reported a
possible iamillal lUnk in benzene-in-
duced leukemias In 5 bf 40 workers In-
dicating a possible genetic predlsposi-
tion to benzene's harmiul effects (Ex.
60, pp. 8-10). Also, Jandl on the basis
o! ientative data has attempted to
identify a subpopulation with risk fac-
tors predisposing to incredsed sensitiv-
1ty to benzene (ORC/Jandl, PC 34, pp.
43-44). These Include:

- Those between the ages of 15 nnd .

30;

3. Those with prior exposure to ben-
zene or exposed to radiation In excess
of that reguired for dlagnostic pur-
poses, and;

- S

c. Those with evidence of 2 hlstury-

of other less severe myeloproliferative
disorders snch as -remitted =nplastic
anemin, certaln abnormal eirculating
blood cells, or those with persistent
sbnormalities In one or more blood
cell types.

Other predisposing fn.ct.ars may in-
clude exposure to drugs or alcohol
which may act to modify the metabo-
llsm of benzene. These postulated ef-
fects are not consistently observed or
universally accepted by investlgatora.
In his testlmony, Shaw stated that
there was no way to determine who Is
susceptible -to-benzene and who 1z not

c. Animal sfudies, The wide varlety
of non-mallgnant hematologieal disor-
ders observed In bumans exposed Lo
benzene which range Irom simple
anemia, and leukopenia to aplastlc
anemia have been experimentally in-
duced In enimals. However, attempts

to demonstrate the development of ~

leukemis in animals exposed io ben-
zene has met with less success. Until
recently, a study by Lignac in 1832 was
the only anlmal study known to OSHA
In which leukemia hes been observed
in animals exposed to benzene. (EX. 2~
38). Fifty-fowr mice (28 females; 26
males) were glven subcutaneous injec-
tlons of benzene ¢0.001 ml in 0.1 ml of
ollve oll) for 17 to 21 weeks. Nine mice
were Initially excluded following inter-
curren! infectlon and an additional 12
were lost through atrophy of vdrious
organs, especlally the spleen. lignac
attributed these 12 deaths to the size
to the dose of benzene. Eight of the
remalning 44 mice developed leukemia
or Kundrat's lymphosarcoma and dled
4 Lo 11 months after recelving the flrst
injection. The absence of concurrent
controls makes interpretationn of the
results problematic end umncertain.
Fallure to ldentify the mouse strain
studled has Irustrated efforts to inde-
pendently conflrm the {indings.

Other studies have failed to repro-
duce Lignac’s results. Amiel In 1960
utilized four inbred strains of mice and
subjected them to the same cexperi-
mental program outlined In Iignac’s
study. (BEx, 2-39). No leukemiec or
aplastic hemopathies were observed.
Ward et al. administered ben=zene sub-
cutaneously to a strain of mice which

"1s known to be responsive to leunkemo-

genic agents. (Bx. 2-40), A sldeht In-
crease In the percentage of granulocy-
tic leukemins was observed Ira the ben.

zene-treated mice as comparecd with’

the controls; however, the saulthors
viewed the Increase ns not statlstica]]y
significant, .: ..o et

In a letter tra.nsmjtted Aug. 8, 1977
to Bula Bingham, Asst. Secretary of
Labor, Nelson described preliminary
results of an Inhalation experiment
using rats and mice (Ex. 178). Animals

T .t -

(Tr. 420), And despite “well substanti=Were- ¢xposed to benzene wvepors B

ated Informiution” concerning- the in-
creased sensitlvity of certain groups to
benzene, the International Workshop
was unable to develop and provide spe-
eific guidellnes on this matter (Ex. 17,
p. 7). These sensitive Individuals, Inter-
spersed pmong the working popula-
tlon, are certzinly among those who
are st highest risk of material impalr-
ment from benzene exposure, The size
of this group is unknown. It 13 the pur-
_pose of this regulation (especially the
permlissible “éxposure” levél and de-
tailed medical survelllance protocol) to
not only minimlze harmful effects of
benzene exposure, but also provide
early diagnosis and treatment should
such effects occur.
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. hours per day, 5 days per week {or up

to 2 yeara. Two possible leukemlas
were observed In a group of 40 strain
CD mice exposed to 300 ppm. In one
animal, elevated WBC counts were ob-
served 103 days after exposure, with
death following 3.days later. The au-
topsy {indings were consistent with
CML, a disease not known to arise
spontaneously In this strain. The
second mouse exhibijted the Ppresence
of abnormal blast forms in the periph-
éral Bloed after 211 days of exposure
and died 4 days later, Whether this
finding indicates AML, a disease previ-
ously observed in this straln, or acute
lymphoblastic or stem cell leukemfa
(spontaneous Incidence about & per-
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¥5 time the report was submitted,

One of the 40 rats exposed to 100
ppm benzene developed an elevated
v WBC count after 240 days of exposure
<. with the cell counts continuing to in-

crease slowly. Peripheral blood smeers
¥: showed some Immature neutrophlls.

* This {inding 15 compatible with a diag-
" nosls of CMI., a disorder which is rela-
. tively rare for the rat. However, a non-
: leukemic leukemold process could no
. be excluded. -

Nelson cheracterized the results of
the study as: s

* * ¥ jlender evidence of the production
lenkemiz. Nevertheless, despite the shaki-
ness, we belleve these resnlts to be extreme-
1y suggestive end provide an urgent basis for
Intenslve further study (Ex. 178). -

D. Conclusions. Leukemis Is a serl-
ous world-wide problem, In this coun-
§- try alone, approximately 20,000 adults
g~ die anpually from this disease, and
about 12,000 Individuals develop and
die from AML each year (ORC/Jand],
- P.C. 34, p. 72). However, based on the
- published ltersture the number of
AW, desths sitributable to benzene
gxposure 13 nnknown. In this regard,
:. Gohisteln statex "The incidence of
X leukemis appears to be a small Irac-
3= tion of all benzene-induced hemato-
toxicity.,” (Bx. 54.B, p. 160). One rea-
T sonably complete 9 year Iollow-up
it study of 147 workers exposed to ben:’
#% zene, of which 109 displayed some
= degree of cytopenia, 1 case of lenkemia
55 was observed (Hernberg et al., Ex. 2-
Jp. 252). Dr. Jandl observes that, »* * *
X% few patients with proven cases of
= acute myelogenous leukemia can be
& discovered In the American Hierature
in the past 10 years * * *.” However,
the unususl number of erythroleunke-
. mlas observed by Sakol at the Akron
Puofiim operation (Sakol, Ex. 61) ind}-
cates that there may be a severe un-
5. derreporting of benzene-induced leu-

¥emias. Also, the relationship between
A inltial lenkemlis and exposure to. ben-

B benzens-induced cytopenias due to the
2% substantial delay between exposure
¥ and manifestation of symptoms (Gold-
% stein, Bx. 43.8, p. 160). Moreover, In
*many such instances the victim may
>be unaware-of earlier exposure, °

. When case reports are derived from
patients who are sufficlently sick to
seek medical attentlon, the relatlve
% prevalence of leukemia 18 reported to
5 be much higher. For example, in the
%.1878 report by Vigliani and Fornl In
3% which a total of 83 compensation cases
v 0f benzene toxicity were observed, leu-
¥ kemis accounted for 19 (Ex. 2-15).
-égg'-VIglhml has estimated based upon-
L avallable literature, that the number
. 3 -of ceses.of leukemia attributed to ben-
4. Tene exposure Is “at lesst 150" (Ex. 2-
%) 49, p. 144). The document, “Benzene in
the Work Environment”, used to es-
fablish 'the QGerman Occupational

FEDERAL
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Standard, summerized over 250 report-
sd cases of leukemia in individuals
who had been chronlcally exposed to
benzene. (Bx. 2-58). Jandl states there
have been at least 250 cases of AML in
the DUnited States which are belleved
to be the result of exposure to ben-
zene, {ORC/Jandl, PC 34, p. 103). It is
impaossible to extrapolate these pub-
ushed findings to either an absolute
total or a relatlve incldence, Beyond
the likely underreporting of cases, the
incldence of benzene leukemia mey be
greater than previously recognized
slnce many dlagnoses were made with-
out results of marrow aspirates. Thus,
peripheral pancytopenia may have
been Inaccurately labelled =aplastie
anemia when marrow examination
might well have revealed acute mye-
loblastic leukemia, leukopenic or aleu-
kemic leukemin, a type characterized
by a decline in circuleting white cells.
(Vigllanl, Ex. 3-49, pp. 143-4).  ~

The evidence In the record conclu-
slyely estnblishes that benzens iz a
human carcinogen. The determination
of benzene's leukemogenicity I3 de-
rived from the evaluation of all the
evidence in totallty and is not based on
any one particular study, OSHA recog-
nizes, as indicated above that individ-
ual reports vary comslderably in gual-
ity, and that some investigations have
significant methodologieel deficien-
cies; While recognizing the strengths
and weaknesses in Indlvidual studles,
OSHA nevertheless concludes that the
benzene record as a whole clearly es-
teblishes A causal relatlonship be-
tween benzene and leukemlia.

The evidence Indlcating that rela-
tionship hes been expanding and the
International scientific community has
Increasingly acknowledged that
worker exposure to benzene is associ-
eted with an Increased risk for the in-
duction of leukemls, In fact, todey
there iz litile dispute that benzene Is a
human leukemogen.

For example, In 1878 NIOSH stated:

NIOSH considers the accumulated evi-
dence from clinical as well as epldemiologio
dzta to ba concluslve atb this time that ben-
zene 1s lenkemogenic, Becauses it canses
progressive, malignant disesse of the blood-
forming organx, NIOSH recommends, that
for regulatory purposes, benzene be consld-
ered carclnogenic in man (Ex. 2-5).

In.a paper presented at_the Interna-
tional Workshop, Brair wrote that:

It 1x now generally recognized that ben-
zene lenkemia !s a nosological entity. (Ex.
34-5, p. 4).

Viglian{ has ohserved:

[Flrom the vazt Nterature accumulating
over the last forty years, tha cooclusion can
be drawn that the clinical as well a3 epide-
miological data are indicatlve of a strong
Jeukemogenie sction In man * * * (Ex. 249,
p. 148),

Aksoy testifled that:
[TIhers 15 overwhelming sclentlilc evi-

dence that benzene can cause leukemia in
man {Tr-144). -
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Other witnesses and commentators were
in basie agreement with thils conclusion:
¢(QGuoldsteln, TR-351, 380; S=akpl, TR-316;
Jandl, P. C, 26B. Addendum ¥V, P, ¥V, Tober-
shaw Tr 2545).

In 197}, the Senate of the Deutsche
Forschungsgemeinsehaft for the Ex-
amination of Hazardous Industrisl
Materials Indicted benzene as a human
carcinogen (Bee NIOSH Ex. 844, p. 1).
Two years later, Eckardt, then Medl-
cal Director of Exxon Corp., stated,

[tlhe nccumulated evidence in the liters.
ture leads te the inevitable [sle) coneclusion
that benzene is a leukemogenic agent, par-
ticularly In ceses that have Ireviously dis-
played a panmyelopathy. Althhough this had
long been suspected, the data reported In
the Uterature was not sufficienily convinc-
ing to establish the leukemogenic nature of
benzene. However, the more recant observa-
tions seem to establish the essoclation
"beynnd a doubt (Ex. 84, B.2., p. 7). '

Industry participants in the benzene
rule-making did not, for thhe most part,
challenge benzene's leulemogenicity.
Rather, they argued that there Is a
ihreshold level for benzene and that,
consequently, benzene i= mot A lenke-
mogen &t low levels, In spport of this
argument, industry elted several eplde-
miological studies purporting to dem-
onstrate that an excess xrisk of leuke-
mia Is not seen in workers exposed to
benzene st levels lower than 10 ppm.
Although the epldemiological method
can provide strong evidence of a causal
relatlonship between exposure and dis-
ease in the case of positive findings, it
is by 1ts very nature relatlvely crude
and an insensitive measure. In the
case of negative findings, the results
are especially diffienlt to interpret for
several ressons. One methodological
artifact commonly observed is the fall-
ure to sdeguately defilne the compaosi-
tion of the study cohort. The funda-
mental premise of any epidemiological
Investigation of the poten tial relation-
ship of occupationsl exposure to an
agent and observed heslth effects ls,
In OSHA'’s view, a caretul definition of
sn exposed cohort. As was polnted out
sbove, many of the ber=zene studies
cited by industry suifer Irom this
design defect. Other fpctors, such as
incomplete- followup—of workers who
may exit the cohord: am<d uncertalniy
a3 to the actual cause of death lead to
further dilution of the ~reported re-
sults, The presence of a 1atency period
exacerbetes this probler: The long
delay between exposure and manlfes-
tation of symptoms, coxmpounded by
the high mobllity of ouur society mzke
it medically and scientifically extreme-
1y difficult to identlfy woOIkplace car-
cinogens. An additlonal difflculty
arises from the spparepnt V3ariability in

“individual -sensitivity, 3o idemiological

study populations tend to be small and
resction to an etlological sgent may
not appear In the cohort, due Lo vary-
Ing degrees of sensitivity. (©On the other

10, 19738
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b. EXPERIMENTAL STUDIES

The quantity of data avallable trom
experimental studles is less than that .
reported for exposed workers, but it
provides addltional corroborative svi-
dence that chromosomsal aberrations
can be induced by benzene. An In vitro
study utillzing cultured human lym-
phocytes, incubated with benzene, re-
vealed that the frequeney of chroma-
tid-type aberrations Inereased with in-
cressing dosages o! benzene. It was
further observed that the yleld of di-
centric and ring chromosomes induced _
by benzene damage was synergistically
related to treatment with radiation. A
high incidence of chromosomal
darnage hes nlso been observed In cul-
tured human lenkocytes and Hela cells
Incubated with benzene (Kolzumi et
al, Ex. 2B-208). In 1970, Philip and
Jensen reported that rats acutely in-
toxicated with subcutaneous Injections
of benzene displayed {ncreased rates of
chromatid breskage In direct bone
marrow preparations 12 end 24 hours
after Injection, followed by a return to
normel cytogenetic findings at 38
hours (Ex. 2-23), It has also been re-
ported that rabbits made paneytopenic
by chronic exposure to benzene via In-
Jection exhibited a high {requency of
both chromatid and chromosome aber-
rations, In uncultured. bone marrow
cells (Ex. 2-22). After reviewing the

‘Wolman's following conclusion:

[Tlhat although it appears that exposurs
tlmes in different szpecles can induce in-
creases in chromosome abermtions, thers Is
no cear evidence for & dose-dependent re-
sponse to benzene exposure. (Ex. 42B).

— . . DISCUSSION - .

‘While the record clearly demonstrat-
ed that benzene causes chromosomal
aberrations, it i3 equally clear that
there is no unanimity of opinlon &s to
what the benzene-induced chromo-
some aberrations mean in terms of de-
monstrable health effects, especidlly
the relationship of chromosome
- damage to the induction of leukemis.
. For sxample, the Intemational Work-
shop concluded: “The Implication of
the Iinding of increased chromosoma
K aberrations for the ocgurrence of ben-

. zene lenkemis is still.not clear,” (Bx.
. 17,p.6). :
‘Whether these aberration are, In
some instances, {1) causally-related to
the development of lenkemiz, or (2)
-ATe secondary to the neoplastic state
and therefore are epiphenomens of
p- metsbolie nlterations resniting from

* sbnormal growth & not known (Sand-

. berg, Bx.2-1032). .

P+ There ere several theoretical consid-
' erstions and: some evidence supportive
> of the first alternative: Some Investi-
% gators yview chromosomal damage as a
% mutational event or an event which in-
2 creases the probabllity of & mutation
= (e.g. Wolman, Bx. 43B, p, 126), As the

" animal evidence, OSHA concurs with™ ™
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inductlon or the maintenance of a neo- -
plastie (cancerous) transformation re-
sults most probably from & somatle
mutatlon, damage to chromosoma)
material mey enhance the opportunity
for "such a cellular change to occur,
Other Interrelated hypotheses in sup-
port of a causal relationship between
chromosomal damage and leukemia

are; -

(1) That benzene might induce var-
lous types of chromosomal sberrations
and that leukemia might "evolve in
those ceses where a potential leukemia
clene with a selective adventage devel-
ops in response to benzene exposure
(Viglian! and Fornl, Ex. 2-14).

(2) That cells exhibiting chromoso-
mal instability or imbalance may be
more susceptible to transformation by
a leukemogenlc virus (International
Workshop, Ex. 17, p. 6) or;

(3) That chromosomal sberrations
may lead to decreased Immunologieal
survelllance, and that in such In-
stances, leukemina can develop H ab-
normal cell clones (some of which may
ba neoplastic) sre not ellminated. In
this context, Fornl and Morean report-
ed a case of a benzene-iInduced Jeuke-
mia In-which both bone marrow and
peripheral lymphocytes exed 47 chro-
mosomes (1 more then normal) with.
the seme karyotype, suggestive of
clone formation. (Ex. 2-18).

There are nlso several Invéstigators
who believe that at this time, there is
Insufficlent evidence to establish g
causal Unk between visible chromoso-
mal} damage and leukemla (Ex. 156.2).
For example, Snyder has stated that;
while exposure to benzene In sutficlent von-
centration mnd for extended periods of time
'has been linked with both chromosomal ab-
errations and leukemia In humans, benzene-

‘Induced chromosome damage has been

found in Individuals who have not exhibited
leukemia * * * (p, 2D), .

Additional evidence in favor of the
non-causal relationship nature be-
tween chromosomal-damsage and leu-
kemis was presented by Jand). He ob-
serves that exposure to several types
of agents, not known to possess leuke-
mogenic actlon, induce chromosomsal

sbnormallties which may persist for—petlng detoxification reactiona (see:’

months,

Sandberg cautions that no consis-
tent karyotypic pattern has emerged
lor any type of cancer or leukemis and
In about hall of all cases of acute leu-
kemla, some cases of chronic myelo-
genous leukemla and In almost all
cases of chronle lymphocytic leuke-
mia, no visible chromosomal alter-
atlons occur (Ex. 2-102)., And also,
Elkins feels that the evidence fails to
establish a causal link between chro-

‘mosome alterations and leukenila (Ex.

156C, p., 22-23).

Whether these gross alterations of
chromosormes can be viewed 23 toxic or
mutational events depends on the fate
of the nffected cell. If the alteration In
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the chromosomal material results in
an inhibition of further cellnlar divi-
sion, then In terms of its reproductive
potential, the cell s dead and the
damage inflicted may be classified esa
toxle event. However, if the damage
does not Interfere with the reproduc-
tive ability of the cell, nnd the alter-
ation s replicated, this may constitute
a persistent gross mutation, "* * *a
structurs] change in the genome
which presumsably alters cell func-
tlon”. (Wolmsan, Ex. 4313, p. 126.) In
additlon to structural and numerical
alterations, benzene has been observed
to induce chromosomal breaks:

While breaks may be repaired and are not
neceasarily mutational events (in the sense
of being inherited), each occurrence In-
crenses the probabfllty of a structurc) aber-
ration and, therefore of a mutation
(Wolman, Ex. 43.8, chapter VI).

In viewlng bénzene as an agent po-
tentially capable of Interaciing with
the genetic material, severasl points
should be made:

{1) All of the studles demonstrating
benzene's “'clastogenic” or chromoso-
mal-damaging effect (Shaw, Ex. 2-84)
have apperently reported the efiects
In somatic cells only. In view of the
wide distribution of bemnzene in the
body, it is not unreasonable, however,
to assume that given somatic chromeo-
somal damage resulting from benzene
exposure, that germinal tlsoue mey
also be affected. In her review of clas-
togenic substances, Shaw has stated:

Becanse changes in.the genes and chromo-
sormes do not nsually produce an immediata
health hazard, they may go undectected for
a Wetime ar even for several generations.

"Yet, the human gene pool can become insi-

duously polluted. (Ex. 2-94, . 409).

(2) Desplte the considerable evidence
demonstrating benzene’s ability to in-
Hct visible demage to chromosomes,
benzene has not mantfested mutagenic
activity when tested In warious micro-
blal assay systems (Kraybill, Ex. B4. B
18, p. 314).

{3) The finding of gross chromoso-
mal damsge in bone mmarrow cells
clearly demonstrates that despits com-

Olson, Fix. 148, p. 12) berizene, or A re-
actlve metabolite, is able to overwhelm
protective defense mechanisms and
enter the nucleus of hematopoletic
cells.

In summary, the evidence clearly
demonstrates that benzeme is capable
ofl causing significant Increases fin
chromosomal aberrationns In somatic
blood cells in the absence of clinical
and/or hematological symptomalo-
logy, It Is also clear that Ior man, no
Qiantitative
ship has been established for these ei-
fects, It Is OSHA's Intexpretation of
these {indlngs that chromosomal
damage represents an adverse bloloci-

.cal event of serlous concern which
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hand, positive retrospective investiga-
tions suffer from these artifacts to a
much lesser degree. For these reasons,
it is OSHA's polley when evaluating
negative studies, to hold them to
higher standards of methodological
AcCUracy.

As stated above, the positive studies
on benzene demonstrate the causal re-
lationship of benzene to the induction
of leukemia. Although these studies,
for the most part Involve high expo-
sure levels, it s OSHA’s view that once
the carcinogenicity of a substance has
been establlshed qualitatively, any ex-
posure must be considered to be at.
tended by risk when considering any
given populaton. OSHA therefore be-
leves that occupatipnal exposure to
benzene st low levels poses a carcino-
genle risk to workers. The Agency,
However, recognizes that not all Indi-
viduals exposed to benzene will suifer
harminl effects. The benzene record
establishes that there may be Individ-
unl effect levels. However, there Is no
way of mscertaining which workers in
any exposed population are susceptl-
ble and to what levels. A

OSHA further recognlzes that deter-
minations of carcinogenlclty are nor-
mally besed on animsal studies, and
when ayallable, human evidence.
OSHA acktnowledges that, at the pre-
sent tlme, there i3 po unequivocal
animal model demonstrating the in-
duction of Jleukemia. However, the
lack of sn animal model does nob di-
minish the conmclusive nature of
homan evidence demonstrating ben-
zene’s leukemogendcity.

. OBHA sacknowledges that there are
many unresolved issues concerning the
relstionship between benzene expo-
sure anc leukemia: -

‘Whether benzene s a co-carclnogen, »
procarcinogen, sic. . .

‘Whether benzene exposurs ls causally re-
. lsted to inductlon of forma of leukemia
° other'than AML snd its yarlanta - .

Whether blood dyscrasias, such as aplastic
anemia always precede benzene jeukemin.

To what extent are leukemia deaths at-
tributable to occupatlonal exposure to ben-
zene. . .

‘Whai [actors ideniily = senxitive popula-

These questions are-on the frontler of
scientific and medical knowledge and,
given the mandate of the Act, OSHA
cannot walt for answers while workers
are exposed to this lfe—threatening
substance, There Is no doubt that ben-
zene is a carcinogen and must, for the
- protection and safety ol workers, be
regulated as such. Given the inability
to demonstrate a threshold or estab-
lish B safe Jevel, 1t s eppropriste that
OSHA prescribe that the permiasible
exposure to benzene be reduced to the
Jowest leve) leasible.

4. Chromosome studies, OSHA has
examined both the original lterature
of benzene-induced chromosomal
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changes and the mnaterial contained in
recent Teviews of the subject (NRC
Report, Ex. 2-4, section entitled: Chro-
mosome Effects; Forni, Ex. 156.H and;
Wolman, NYU Report Ex. 43.B, Chap-
ter VI). Evidence derived from human
studies together with similar results
obtalned from experimental investiga.
tion clenrly demonstrates that ben-
zene can jnduce visible damage to
chromosomes in  lymphocytes and
blood-forming cells. For example, Tyr-
oler noted 'that: I think there is
rather convineing evidence that the
chromosomal aberrations are associat-
ed with axposure to benzene.” (Tyr-
oler, 'Tr. 3100; also see International
Workshop, Ex. 17, p. 8). The effects
may be mantfested as numerical alter-
ations and/or structural rearrange-
ments of the chromosomal materlal
and include additions or deletions of
chromosomes, segments of whole chro-
mosomes Or chromosome sets, In sddl-
tion to exchanges which result {n mor-
phologicaily aberrant chromosomes
{(Wolman, NYU Report, Ex. 43.B, n.—).
Forni hes cbserved that the aberra-
tlons produced by benzene exposure
are non-speciiie and are slmilar to
those produced by lonlzing radistjon.
{(Ex. 156.H). To what exient these
events are detrimental to human
bealth 18 not known. ’ ‘

<o "+ . 8. HUMAXN STUDIES

There are niumerous reports on chro-
mosomil evaluations In worker popu-
lations both with and without clinical
symptomatology resulting from expo-
sure, In generzl, these studies reveal
that there are statistically significant
Incresses In chromosomal damage In
those occupationally exposed to ben-
zene. The chromosome alterations
have been classified as elither unstable
changes (le., Iragments, dicentric, tri-
centric and ring chromosomes) and
stable changes (Le. abnormal mono-
centric chromosomes due to deletions,
translocations, Inversions and triso-
mies). Aneuploldy (abnormal chromo-
sorme number) and/or polyploidy (a
multiple chromosomal set) have also
been observed. The early—reports—fo-
cused on the examination-of workers
exhibiting benzene hemopathy (s dls-
ease of the blood). As early as 1964
Pollinl and Columbi published such »
study, (Ex. 3-17), Examinstion of cul-
tured bone marrow cells and peripher-
al lymphocytes showed Increased Ire-
guencies of aneuplofd cells and struc.
tural sberrations. A second study by
the same group (Ex. 24, reference 50)
of 4 patients with temporary or pro-
gressive blood dyserasias revealed that
the . incidence .of .heteroploid .(abnor-
mal number) éhromosomal patierns
ranged around 70% both In the blood
gnd In the marrow of each subject.
The suthors were, howsver, unable to
establish a correlation between the du-
ration and degree of exposure snd

-mosomal damage

either the frequency of chromosome %-
aberration or the degree of toxicity -3’
Other cytogenetic studies of =zublects &
with benzene-related hemopathies *%
have yielded simllar findings (e.g %
Forni end Moreo, Ex. 2-18 and 7,-19_-*97"?'
Sellyel and XKeleman, Ex. 2A-25§
Aksoy et nl., Ex. 2-57; and Erdogan -
and Aksoy, Ex. 2A-192)., Variasbles

which mnke these case reports diffl.
cult to interpret and compare Include: -
differential dlagnoses, the use of lym-.
phocytes artifically stimulated to grow
In some cases and bone marrow cells in
others; the oceasional lack "af 3.
“normal”  besellne  chromaosomal %
breakage frequency; and the occur- =
rence In some cases of pre-existing fa- -

milial chromosome aberrations i
(Wolman, Ex. 43-B, p. 128). In spiteof %
the lmiltations® of these  reports, .3
Wolman hasg stated that sorne trends |

have been observed—additiornal chro- %%
mosomes have been identUled 1o sever- =

al reports, tetraploidy (4 sets of chro-
mosomes) or polyploldy were seen In
some cases and In many Instances an &
Increased {requency of chromosome
breakage was reported but not well do- 3¢
cumented. Wolman states thats .

the clearest plcture of the relationship be-

tween benzene exposure and chromosomal
changes emerges, nol from exp-erimental
studles or reports ‘of human dizesse, but 3§
from studles of occupatiopally exposed S
workers (Ex. 433, p. 130). .-
The Netional Research Council (Ex. 2-
4) considers the 1960 study by Vigllani
and Fornl {Ex. 3-20) to be one of the
most systematlc of this type reported ¥
The results of cytogenetic analysls of ¥
25 gubjecta who herd recovered from 3}
benzene hemopathy were commpared Lo~ a
the findings of controls matrched for S
sex and age. In most cases, increased
ratios of both stable and wnstable
chromosome aberrations were still pre-
sent several years after cex=mtlon of
exposure to benzene and/or Iecovery
Irom polsoning, whereas the nemato-
Jogical analysls revealed normaal blood
countys in most cases. Follow-up cylolo-
glcal analyses of thess subjects showed
an overall decrease In unstabis
changes, and generally, » persisience
or an Increase—in stable alteriiioni
Other cytogenetic surveys of workers
industrially exposed to benmene ars
(Fornl et &L, Ex. 2-20; Girard et
Ex. 2-40; Hartwich and Bchwanlts, Ex.
ﬂ’l-l 29; and Vigliani and Forml EX. 3-

). '

el

e

2

L

*

OSHA is 2lso aware of severil cyto
genetle studies of workers churonically
exposed to alrborne concentratlons of
benzene probably less than 23 ppm.
Several indicats an {ncresse in chro-
{Hutwich and
Schwanitz, Ex. 129; Oirard et 1. Ix
2-685 or 3-283, and Berlin ot 21 EX 21A-
718) while others preseat IemAtive
findings (Fornd, Ex. 156.H: T-ough et
a1, Ex. 2-21B, and Burgatti, Ex. 1A-
226). .
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. - .
may pose or reflect a potential health
risk and &s such, must be considered in
the larger purview of adverse healm
effects nssociated with benzene.

V. EcovoMic CONSIDERATIONS

In setting standards for toxic sub-
stances, the Secretary is required by
section B(b}5) of the Act to glve due
regard to the gquestion of feasiblity.
Section 6{(b)(5) mandates that final

* standards be set which most adequeate-

. 1y assure employee safety and health

. . *to the extent feasible, on the basis of
the bést avallable evidence” and fur-
ther requires that, In the development
. 0! occupational safety and health
" standards, “considerations shall be the
1atest avellable scientific data In the
- field, the {easibility of the standards,
and experience galned under this and
: other health and safety laws.” While
; the precise meaning of fensibility is
not clear from the Act, it i3 OSHA’:
- {view that the term may Include the

i economic ramifications of require.

; ments imposed by standards. The de-

{ termination that OSHA has the au-

f thority to consider economic feasibil-
* {iy factors In developing standards has
been endorsed by the courts. Indusiri-

J al Union Dept, AFL-CIO V. Hodgson,

. 489 B, 2d 467 (C.AD.C., 1974);"AFL-

: CIO v. Brennan, 530 F. 24 108 (C.A. 3,

: 1975). As pointed out by the D.C. Cir-

i cuit Court of Appeals, Congress did

: not Intend the Secretary-to promul-

" gate standards which drive entire in-

- dustries or large numbers of employ-

‘ers out of business, On the other
hand, *standards may be economically

. feasible even though, from the stand-

point of employers, they are ifinan-
clally burdensome and affect proiit
margins adversely; further, the Court
said, the concept of economic feasibil-
ity does not “necessarily guarantee

! the continued existence of 'Individual
employers.” Indusirial Union Dept,

* AFL-CIO v. Hodgson, supra, at pnge
478,

° In aocordance with the Secretary's
position, }t has long been OSHA'S
practice 1o analyze the economic feasl-

. bility of proposed standards where sig-
nificant economic lmpact on-employ--

*ers covered by the proposals seem
likely, to make such analysis avallable

. to nffected partles for comment rnd

* subsequent heardng prior to’issuance
of {inal rules, and to invite the submis-

.. slon ol other information on the eco-
: nomic Impact and feasibility of pro-
posed standards. In developing & final
. standard, therefore, OSHA evalustes
1tbe economie feasibility of the Ilnsal
! standard on the basls of the informa-
i tion developed by its own studles ol

i the “proposal* and-submisslons by the -,

' public during rulemaking.

:  To assess the economice {easibility of
the proposed standard for benzene,
0OSHA undertook an extensive study
of the proposal’s economic lmpact on

RULES AND REGULATIONS

varlous affected Industries. This study
was conducted for OSHA by Arthur D.
Litile, Inc. (ADL), (Ex. 5A, 6B). The
ADL study hes provided basic eco-
nomic datz for the evaluation of the
economic impact of the permanent
benzene standard on the major affect-
ed Industries. Additional Information
for this purpose was obtained through
OSHA's analysis and considerstion of
all ather.economic date, comments, ar-
guments and testimony submitted at
the benzene hearing, in pre-hearing
comments and in post-hearing com-
ments and briefs. On the basls of the
best available evidence, therefore,
OSHA has determined, as explained in
detail below, that the permanent ben-
zepe standard is economically feasible.

LAY
COMPLIANCE COSTS

Estimates of total costs of compll
ance with the permanent benzene
standard for the major affected Indus-
tries studies are s follows: First year
operating costs for all Industries com-
bined are estimated by OSHA to be
approximately in the range of 3187
million to $205 millon recurring
annual costs are estimated at approxi-
mately $34 million and Investodent in
engineering controls i3 expected to be
approximately $266 millon. Estimates
of these costs for various individusl in-
dustry sectors are analyzed below. As
that analysis reveals, the greatest eco-
nomic impact of the standard falls on
the larger and more stable Industries,
such a3 petroleum relining and petro-
chemical production, which can read-
11y absorb the costs or shift them for-
ward to consumeras. No testimony was

offered by these industries that the °

proposed standsrd for benzene would
Imperflt their existence, Even the
higher projection of some costs by the
American Petroleum Institute and
other participants would not raise any
serjous question concerning the eco-
nomic feazibflity of the standard or
the ability of the regulated Indostries.
to besar the additionsal costs, .

The benzene standard, In its ﬁm.l
form will require all Industries that
produce or use benzene, petrochemi-
cals, products. and services involving
the use of solvents derlved from petro-
leum, a3 well as production of crude
and reflned petroleum products, and
primary distribution of gasoline, to un-
dertake an Initial determination of the
extent to which thelr employees are
exposed to benzene. The results of the
initial exposure measurements will de-
termine the types of sactivitles each
firm will be required to take to comply
with the provislons of this standard.
Where exposure measurements are
below-the action level (0.5 ppm), Iirms

will have to provide Information and.-

trainlng In the hazards relsted to ben-
zene to thelr employees, comply with
the labelllng requirements, and retain
the records of initial messurements.

These compliance gctivities seccount
for the entire first year operating
costs for many of these i{ndustries.
PFirms with exposure levels above the

action level will incur additlopal flrst

year costs for monitoring and medicel
exemination programs. Finally, those
firms with exposure levels above the
permlissible exposure level will have
additional first year costs for Installa-
tion of appropriate engineering and
work practlce controls, and for resplra-
tors. It is assumed that engineering
controls are all installed in the {irst
year and rednce exposure levels to
below the permissible exposure lmit.
However, those flrms with continuing
exposure meassurements above the
action level will have recurring annual
costs for monitoring and medical sur-
veillance. Regardiess of the alrborne
exposure measurements, employees in
operations with potentlal exposure to
eye or repeated skin contact will have
to be provided with appropriate per-
sonal protective equipment. Thus,
some I[irms and industries will have
higher and more sustalned cast bur-
dens than others.

OSHA's estimates of costs for com-
pliance with the final standaxrd ditfer
from estimates of the proposal’s com-
plance costs In-part because the stan-
dard in s finel form differs from the
proposal In sreas which significantly
impact on the cost of compliance. ADL
estimated the proposal's compliance
costs for 20 industry sectors engaged
in benzene production (petroleum and
coke), petroleum refilning, chemical
processing, benzene transportation,
and otner Industries, such =3 rubber
manuiacturing and laboratories {ADL.
Vol 1, Ch 5). ADL providead detalled
cost estimates for each industry and
for each compllance sctivity required
by the proposal. Total costs for all sur

-veyed industries were estirmated by

ADL a3 follows: Pirst year operating
costa were approximately $124 millloq,
annual costs were approxi
mﬂ.tely $74 million, and costa for Im-
plementation of engineering controls
were approximately 3287 mdillion. In
developing each of these estimates,

ADL used the control with Lhie-)easti—

cost as the basis of their calculationa.
In dther words, whers mliernative
methods of compliance ara awvallable to
emmployers In an Industry, and indeed
may .be more attractive to employers,
the higher cost method was consldersd
an optional process improvernent. and
only that portion of its totm] cost re
quired to produce compllance wax allo-
cated to compliance with the proposcd
regulation (ADI, Vol 1, pp. 5-3). Addl-
tionally, ADL assumed compliance
with .the previous OSHA .resgulation
(29-CFR 15910.1000, Table Z— 2} requir-
Ing an exposure limit of 10 ppm TWA
and a celling limit of 25 pprxx thus w-
sessing’ to the benzene progosal only
the Incremental cost associated with
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. moving Into cornpliance with the pro-
* posed permissible exposure level from
+ the previous exposure limit
> The ADL costs covered 24,312 facil.
. ties and 196,875 estimpted exposed em-
ployees (ADL, Bx. 5A, Table 5-1, p. 5-
% 2). Costs were estimated for the re-
* quired compliance actlvitles of moni-
toring, medical survelliance, respira-
* tors, personal protective equipment,
_training, signs and labels, and record-
s: xeeping, Distribution of costs varied
b5 {rom sector to sector depending on
“ such varables as the number of ex-
posed workers who would require mon-
. ltoring 'and medical surveillance and
® the estimated effectlveness of engi-
- peering and work practice controls.
. OSEA has exemined the methods
: ysed by ADL to determine the costs
RE= for each provision of the standard and,
. In the absente of substantially contra-
3%, dictory testimony =mnd albernative
#* methods from affected Indusiries, the
% approach ol ADL hes been largely
¥’ pndopted by OSHA In estimating the
. costs of compliance.
Based on &l the evidence on the
‘record, 0SHA has estimated the cost
of compliance with the benzene per-
" manent standard for approximately
#:- 157,000 faciitles and approximately
M~ 529,000 exposed employees.

o < MOWITORING

—-As @ baxls for OSHA’s estimates of..
compliznce costs, CSHA has utilized
@ for many industries ADL’s sampling
- protocol for determining monltoring
k¢ costs. ADL's protucol was designed to
" provide an initial exposure profile and
characteristle sampling program.
=~ _ADI’s representative explained that
. the protocol was Intended to be repre-
=" sentative, but that it mighi not Iit
& each plant exactly and costs might be
%= higher if the number of exposed-work-
. ers in sn Industry, or those exposed
¢ sbove the permissible lmit, were
BU.higher. (See TT. 477-484, 522-528, and
- 552-595,) 'The derlvation' of the sam-
W .pling base further explained in ADL's
~ post-hearing submission £s follows:

* The vast majority of facilities which must
comply with thix regulation are typified by

B- twenty-four hour per day continuous Dpro-
B pessex representatlve of petrochemlical oper-

. percent of all expostd employees. However,
£~ the three zhift nature of these operations
¥ and the commonglity between worker expo-
8- sures by Job category between ahifts indical-
> ed thatSampling resulis from one shift
could be properly interpreted as being rep-
resentatlve for mll shifte. Therefore only %
of the exposed workers should be sampled.
e, Multiplylng % % equals % of the exposed
£ employees who must be monitored. (Post

" Hearing 15E)

OSHA recomlizes that these assump-
- tlons ‘may not portray ‘exacily the
monliioring pattern of employers
within other industries, It s OSHA's
= ylew, however, that the monitoring
= scheme as described s & reasonable

RULES AND REGULATIONS

basis Jor estimating the cost of compli-
ance with the monitoring require-
ments of the final standard.

In estimating the percentage of em-
ployees within each exposure catego-
ry—le., above the permissible expo-
sure level, between the actlon level
and the permissible exposure lUmlt,
and below the action level, OSHA hes
used varylng assumptions based on ex-
posure data, where available. For the

- major portion of the covered indus-

tries, OSHA heas accepted ADL's esti-
mate that 20% of the exposed employ-
gees are above .the permissable expo-
sure limit., While there may be some
variations In actnal percentages at in-
dividnal plants, iIndustry witnesses of-
fered no alternatlve approaches to es-
timating -tha number of exposed em-
ployees sbove the permissible expo-
sure lmit. Determination of the per-
centage of employees in each of the
two exposure categories below the per-
missible exposure limit was based to
the extent possible on record evidence

of exposure. Where such evidence was °
_not available, it was assumed for cost
calculation purpeses that ons-half of

the employees were exposed below the
action level rnd one-half were exposed
Letween the actlon level and the per-
missible exposure Umlt Use of this dis-
tribution of exposed workers, however,
does not imply that OSHA belleves 1t
necessarily represents actual exposure
profiles for all industries; it has been
used only to provide some basis for es-
timating approximate compliance
costs and assessing the economic
impact of the standerd on these Indus-
tries, OSHA has therefore, relied on

‘the best avallable evidence as to Hkely

exposure patterns in determining that
its sampling protocol reflects typlcal
industry conditions, provides a uni-
form estimztion method ensblog
inter-industry comparisons to be
msde, and ylelds reasonable approxi-
mations of the cost impact of the mon-

. itoring program. .

OBSHA hass utilized the ADL method-
ology for calculating monitoring costs.
There are, however, significant differ-
ences in total monitoring costs rs a
result of changes in the monitoring re-
quirements-of-the- final standard. The

ations. It was proposed 1o Initially samble 50 ~ elimination of the proposed percent-

age exemptilon expands the number of
employers covered by the siandard
and the number of employees affect-
ed. Cost estimates for compliance by
employers using liguid mixtures con-
talning less than 19 benzene were not
given in the ADL study. However, In-
clusion of an actlon level In the sian-
dard, below which no regular monitor-
ing or medical surveillance 1s required,
should minimize the economic Impsact

-'of the permanent standard. This is es-

pecially true since the propossl would
have lowered the percentage exclusion
to 0.1% niter one year, and would have
4mposed periodic monitoring and medi-

2835

cal surveillance of employees {n these
operations with eny amount of expo-
sure to benzene. Purthermore, it is an.
ticlpated that a sienificant number of
operations utilizing mixtures with less
than 1% benzene will be below the
action level, In which case only initlal
monitoring rmust be conducted.

The introduction ol =n action level
decreases for Individual employers the
cost of compllance for the rmonltoring
nctivities. The proposal required quar-
terly monitoring where exposures
were at or below 1 ppm. The final
standard requires initinl measurement
to determine exposures but requlres
no further monitoring where expo-
sures are below 0.5 ppm {unless a rede-
termination of exposures {3 mnecessitat-
ed by specific changes). As = result of
this change In the monltoring require-
ments, some employers, who would
have been required to monit.or employ-
€es quarterly, will now only need to
conduct initinl measurements. Initlal
measurements it is estimeted will cost
; approximately $109 million Zfor all In-

dustries combined - However, the

actual cost will be substanilally below
this, inasmuch as the standard allows
employers who have condurccted initial”
monitoring, pursuant to tIxe benzene
guidelines or the emergermcy tempo-
rary standard, to utillze tIrose meas-
urements in order to initizally deter-
mine employee exposure; arad the ben-
_zene record indicates that many em-
ployers “ have conducted tlhese mea-
surements. ~

MEDICAL SURVEILLAIYCE

The Iinal standard, unlilce the pro-

posal, regquires medical sTurvelllance
only of those employees w Iiose £xXpo-
sure 15 2% or mbove the ectilon level
Moreover, the standard pxovides for
twice yearly medical exmins rather
than gquarterly exams., AT I, has -eati-
mated the anmual cost for routine
medical surveillance as approximately
$207 per employee annually, (Vol. II,
App. C). This figure fneclucded employ-
er and employee time, physician
charges and laboratory [ees. (Vol. IL
C-N.
. Since Toutine medical suTvelllance is
required by the permanent standard
semi-anriually rather thar gquarierly
as coptemplated by the proposal,
OSHA hes ndjusted the A JDOL medleal
cost per employee to reflect the redue-
tion in the number of periodic exams
and to remove from the periodic
exams the cost of the T etlculocyte
count and serum bilirublry, Which the
permanent standard requires only as
part of the initial basellne exam,
OSHA has, therelfore, estimasated the
cost of the first year medical survell-
iance, Including the work ~history, 23
approximately $105.00 per employee
and the recurring annusl cost of med!-
cal survelllance iz estimated 2s ap.
proximately $78 per employ 28.
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The final standard provides for
medical survelllance In additlon to
semi-aninual  routine biood testing.
. Where routine medical surveillance re-
veals an sbnormal blood plcture, the
employer Is required to refer the em-
ployee to s hematologlst. Where emer-
gency situations occur, the employer is
required to provide a urinary phenol
test and, i urinary phencls mre elevat-
ed, a repeat complete blood couni
(CBC); if the CBC reveals abnormall-
ties then ithe employee must be exam-
Ined by a hematologist. The cost of
these non-rouilne examinations was
not estimated by ADL since they
would not have been required by the
proposal, There ls, of course, no cer-
tain way of determining the number
of employees who will need examina-
tlon by a hematolegist. To calculate
these additional costs, therefore,
OSHA has assumed that 5% of all em-
ployees will have abnormal blood pio-
tures and will be re-referred to a he-
matologist, and’ that the added cost
will be $100 per referral,

.- OtHER COSTS

Total rosts for other compliance ac-
tivities, such as engineering controls,
respirators, training, and slgns end
lzbels have also- been assessed. These
costs are based essentially on the cost
factors furnished by ADL since the
ADL costs were geperally &ccept,ed by
Industry participants. -

_+ Capital costs for engineerlng comn-

- trols have been determined for indus- |
tries with operations above the per-
missible exposure limit on the basis of

the type of engineering controls avail-

“""able for the indlvidual industiry, Many -

of the Industries tovered by the ben-
zene standard involve the storage and
- movement within a closed system of
liquids containing benzene in various
concentrations., Emissions occur at
such points 8s pumps, pipe llne Joints,
compressors, sampling points,. and
guuging stations, (Vol 1, 4-35). Engl-
neering controls for these systems con-
sists of replacing worn pumps and
compressors with equipment specifl-

cally deslgned to minimize emissions, -
replacing gaskets to ensure tight-dit-of
Joints, welding joints, and the Installa- '

tion of automative gauging and closed
loop sampling devices. Specific unita of
these systems have been costed by
ADL and aggregsate costs shown below
ere based on an estimated number of
these units which are required for a
typlcal plant. To determine respirator
costs, OSHA has used ADL’s cost per
employee Ior resplrators. (VoL I1 C-8,
9). For personsl protective equipment,
which s required by the standard for
employeds who may be exposed td eye
or repeated dermal contact with ben-
zene; the cost of 313.16 per employee
per year has been used. This cost in-
cludes the cost of gloves, apron, face.
shield, and goggles (Vol. II, C-R).

RULES AND REGULATIONS

Training costs, which Include costs for
preparation, masaterials, employee’s
time, and Instructor’s time, have been
.estimated at $110 per facllity plus $14
per emplayee (Vol. 1T C-II),

In calculating recordkeeping cost,
OSHA has utilized the ADL cost
factor (Vol. I1 C-12) for record mainte-
nance but adjusted this cost to reflect
the decrease {n the records required
by the final standard. In its testimony,
ATSI expressed the view that record-
keeping would require the additlon of
ane record clerk per facility (Tr, 3165~
317 I). However, the flnal standard aig-
nificantly reduces the monitoring re-
cords and elminates medical records
for employees whose exposure Is below
the action level, Therefore, applica-
tion of ADL's cost formula will give a
reasonable approximation of the re-
cordkeeping burden.

For most firms, & normal cost jor
labels hns been determined on the
basis of ADIL’s cost of estimate (Vol.
O, C-13). No cost hes, howevar, been
determined for signs. Detalled data on
a plant-by-plant basis were not avail-
able to OSHA. Therefore, nc costs for
this complinnce activity are included
within the cost estimates 3Shown
herein., OSHA recognizes that these
costs will occur but 18 of the oplnion
that they will be relatlvely small for
all firms covered.

Complience costs for the io]lowmg
Industries have been ecalculated by
. OSHA using the compl!a.nce factors
descrlbed abave.

" PEYROLEUM REFINERIES

. It is estimated that petroleum refin-
eries will Incnr greater compliance
costs than any other indusiry sector.
This-is primarily due to the large
number of refinery workers who are
exposed to petroleum products, almost
all pf which contaln benzene. There.
fre 43 refineries engaged In the pro-

- duction” of benzene and 275 refineries

which do not produce benzene bub
maintain process streams with ben-
zene concentrations,

At the 48 refineries which produce
benzene, there are approximately
1,440 exposed workers,-On.the basls of
tbe exposure data made available by
ADY, and industry witnesses, it ap-
pears that approximately 20% of these
employees rre exposed above the per-
missible exposure Hmit. OSHA has,
therefore, applied the ADL sampling
protocol and calculated costs on the
assumption that initial measurement
will show approximately 300 workers
exposed above the permissible expo-
sure lmit. The remaining exposed

. workers were divided for cost caleula-

‘Hon -purposes.- Capitdl ‘Investment “to
reduce exposure levels has been esti-
mated at approximately $24 million
extrapolating {from a mode} plant anal-
ysis. This cost would be for replace-
ment of sesls and controls of leaks
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- st approximately $600,000.

fipery workers move frequently from . E
.one post-to another so that they are

--this sort, it was assumed that approxi-.

" 1y 5,000 would be exposed at levels be-
.tween the permissible exposure Umit

_other emlssions associnted wwith stor-

proved malntenance and repalr. No ex5%:..
timate is made "for shut down thg%
since ]t Is anticipated that any co >
trols Including modificatlons of pumps
and compressors, would be Installed 2%
during normal dpwn time (TT. 535)§
OSHA does not concur In the API view

(Scarborough statement p. 38-17) that%
additional down time is needed since™

normel maintenance procedures of

highly flammsable material requh-e"’i‘.
purging of lines, and replacement of <,
seals, pumps, etc. First year operating %
costs for these refineries sre estlmabed Y

Cost estimates for the 275 reﬂnerles
which do not produce benzene were
based on API's and ADI’s data as to
98,000 exposed employees. (ADL, Vol ™%F
I, p. 419; add API reference Ifor that. i
number). ADL relied in part on the re- %
sults of an API questionnaire which ..
Indicates a wide range of exposures &
from negligible to as high as 25 ppm.
(ADL pp. 4-16 to 4-1T7). API’s witness
indicated that exposures at relfineries
were very low with mopst below the
proposed permissible exposures lmit
and many below the action level (Tr.
1467-1488). Other testimony Indicates XK
similar exposure patterns ((Grospiron "
statement, pp. 4-8). The API posh !
hearing submissions suggest that re-

not exposed to hydrocarbon vapors for 33§
extended periods of time (API, PH5). "5}
Initial monitoring -results showing 8
hour TWA measurements af  0.13 ppm
and lower were cited by API. {API PH
8-9.) In the lace of conflicting dsta of

maztely 5,000 workers Initially could be
found to be exposed above th e permis-
sible exposure Umit, that approximate-

and the action level, and that the re-
maining 88,000 would be below the
action level. This distribution indicates
somewhat higher exposure levels that
API's testimony suggests, bul lower
levels than the results of ihe API
questionnaire survey might be con-
struéd to Indicate and is, therefore, In-
tended to be a reasonable -estimate.
Using this distribution, GSHA esti-
mates Irst year operating
compllance to be approximately $12.8
million. It may be noted that approxi-
mately $2 million of the indicated flrst
year cost Is for exposure Ineasure-
ments. Since many refineries have ap-
parently made such measuirements,
actual first year compliance costs may
be substantially Jower_than the esti-
mates listed herein,
““The cost of capital Investmien! in en- -
gineering controls ls estimated to be

$110 million, for control of 1esks from
seals and valves, control of siimps and
other disposal aress, and conirol of

cost for =
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tive of the upper bound
annual costs. R

Coxr PLANTE

cessing facilitles

Oy ER R

& (ADIL, PC, 151, 150

X

o5

g

. age, transfer, and gauging actlvities, 1f

it 1s assumed that eppllcation of engi-
neering controls Is highly effective in
bringing sll worker exposures to levels
below the actlon level, recurring
annual costs wonld decline to approxi-
L. mately $3.5 millon. I, alternatively, it
g s assumed that a5 many as 5,000 refin-

* ery workers may continue to be ex-
|- posed at levels between the action
¥: level and the permissible exposure
2~ Umit, recurring annual costs would be
{ approximately $4.4 million, OSHA be-
lieves the latter assumption is indica-
of these

3 Compliahce costs related to the pro-
B-" ductlon of benzene as = byproduct of
& coking are assoclated with activities at
the coke batteries and at light ofl pro-.

There ars some 65 affected coke pro-

ducing facilitles, ADL, had estimated

. that there were approximately 17,000
employees potentially exposed to ben-

- zena at coke oven batteries. Ths
American Iron and- Steel Institute
(AISI) challenged this number as
belng an underestimation of exposed
employees. The larger flgure of 24,000

¥ workers exposed at the coke oven bat-

¥ terles has been used by OSHA a3
" urged by AISL (TR 4635, 412-4) This

f " was ‘the Dumbér estimated to be ex-"~

. posed to coke oven emissions In the.

g~ Economic Impact Statement for the

. Coke Oven Emissions Standard. It Is

2= probable that this constitutes an over-

H estimate of warkers exposed to ben-

IS, zene at the coke oven batteries since

™. benzene emlissions Bre expected to

3. occur only during portions of the pro-. -

g. duction cycle and not ab all Jocations, -

K:r The AISI number is used, however,
< to avoid all possible underestimation

i of compliance costs for coke oven bat-

1 ¥ teries and io indicate an upper bound

B tn the probable costs. On the basis of

Ft dnta supplied (Ex. 135, p. 4 and attach-
Foment), it 15 assumed that initlal mea-

B2 murement of exposures will show all

k- workers exposed Lo benzene concentra-

.- B tions below the action level ‘Even-if

’ P, inis wexre not the case, OSHA b
¥ that engineering controlz reguired

SEunder the coke oven bmissions stan-

K dard wowld. provide adequata control

A of benzene emissions. On thiz besis,

|8 the estimated complinnce costs are ap-
W¥proximately $1.2 million for first year
operating costs and $860,000 for recur-
ring annual costs, Since employee ex-
-posurs does nob exceed the permissible
exposure 1imit, no capital cost is Indl-
cated for compliance with the benzene
andard at coke oven batterjes. .. ...

¥/ There are 65 coke oven light ofl {a-
Kbflities associated with the coke oven
[chatteries, ADL estimated that 2,370
B Employees were potentially exposed at

githe -derjvative light oll facilitles. ATSI

RULES AND REGULATIONS

argued that ihls number should be
4.000 employees. Consistent with the
reasoning followed to estlmate the
number of workers exposed ab coke
oven batieries, the number of workers
exposed in the light ol byproduct
gress has been estimiated to be 4,000,
the number used in the coke oven
emissions study. Data provided by
ADL and AISI Indlcate that a substan-
tial percentege of these workers may
be exposed to benzene above 1 ppm.
AISI specifically argued that at least
50% of by-products workers are ex-
posed above the permlssible exposure
Hmit (AIST brief, p. 85). Consequently,
to avold any possible underestimation

of complnnee costs and indleate the -

upper bound of such costs, It has been
assumed that all exposed workers will
be exposed above the PEL at the time
of initinl messurement. Using these es-
timates of exposure, estimated -compli-
ance costs are $5.6 milllon for first
year operating costs. OSHA has as-
sumed that, after the installatlon of
engineering controls, all exposures will
be between the nction level and the
permissible exposure level Since a sig-

nificant number of 1ight oll plants are

old, controls may not result ig reduc-
tion of exposure to below the action
level. AIST expressed the view that en-
gineering controls for older plants
might not be feasible (P.I. statement
p. 19% however,~it appears that this
concern was for economlie rather than
technological reasons. Thus, recurring
annual operating costs are estimated
at $887,000 for training, labels and re-
cordkeeping. Capital costs are estimat-
ed at'$19 milllon for Investment ln en-
glneering co_m.rols. .

PXTROCEEMICAL INDUSIRY

The petrochemicsl industry includes
firms producing = large veriety of
products from petrolenm feedstocks.

Six petrochemicals, accounting for

abont 50% of domestlc consumption
(ADL, Ex. 5B, B-56) were analyzed
peparately by ADL (Ex. 5A, 8-181f) but
sipce the exposure patterns of each
are similar and the ecomonic impacts
affect many of the same or competing
markets, the costs of petrochemicals
hieve been aggregated by OSHA, The

Industry. sectors Included are chloro--

benzene, cumene/phenol, cyclobex-
ane, dodecylbenzene, ethylbenzene/
styrene, meleic anhydride, nitroben-
zene, This follows the analysis pro-
vided by ADL-and the cost estimnates
shown are based on ADL's data. Indus-
try participants dld not challenge
these costs.

There are 92 f{acillties coversd by
this standard, with 2,760 exposed
warkers. (ADL, Ex, EA, p. 4-4) On the
basis of the limited data available on
exposure levels (Vol. 1, pp. 4-7; Table
4-8, pp. 4-12 1), it wes assurned that
40 percent of the exposed workforce Is

, exposed to benzene levels below the
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pction level, 40 percent between the
action level and ithe permissible expo-
sure llmit. and 20 percent above the
permissible exposure lmit. On this
basis, flrst year operating costs will be
spproximately $1 milllon. Caplital In-
vestment for englneerlng controls will
be sapproximately $20.9. Recurring
costs will be approximately $118,000.
Recuwrring costs include training,
lnbels, and recordkeeping since it as-
sumed that engineering controls will
reduce exposures below the action
level '

BULK TEAMINALS
Gtorage and discharge of gasoline,

and other petroleum products at bulk
terminals is Included within the ben-

zene standard.

1t i5 estlmated that there are 1,992

terminal facilities with 52,345 exposed
workers. Testimony by industry wit- -
nesses indicated that by and large, no
terminal employees were exyrosed to
benzene levels in excess of 1 ppm (Tr.
1489-70, 1472-73; Ex. 115A.10, pp. 17-

# 18), Using these Indicators of possible
exposure distributions, OSHA haszs estl-
mated compliance costs for terminals
on the basis of 5,000 workers exposed
to benzene between the actlon level
and the permissible exposure limit, ex-
posure with all other workers below
the action Jevel. On this basis, {irst

- . year operating costs would be approxi-
mately %5 milllon and
annugl costs would be approximately
$2 milon.

recurring

It 1s estimated that there sxe 21,106

bulk plants employlng 23,471 drivers
who are potentially exposed to ben-
zene at terminals (ADI, Ex. 6a.). Agaln
. using the lmited data suprlied by
AP, It was estimated that as mmaeny 23
2,300 of these workers would be ex-
posed ab levels above the action level
but below the permlissible eXxposure
Hmit, Conversion to bottom loeading on
- all trocks was projected to reduce all
exposures to below the action Jevel
On this basis, first year costs wwere estl-
mated at approximately $117-9 milllon.
recurring annual costa st $3 mlillion,
and capital investment at $51.5 milllon

O1r axm Gas Pnon'uc;rr on

" There are approximsately 700,000 oll
and gaf wells in the U.8. and, since
any crude oil or natural gas may be ex-
pected to contaln benzene, a1l of these
are covered by the standard. AP Indi-
cated thal the number of exposed
workers Is 74,000 and that exposure
levels are balow the actiom level (Ex
1154, 4, Ex. 116). As noted L3 the sec
tion on technological feasipiiltLy, work-
ers are normally exposed omly inter-
mittently and éccasionally, =nd emis-
slons are Umited Lo points wIaere leaks
or spills occur (Gallowsy, A1 EX.

P. 118, pp. 4-5). Proper work practices
and good malntenance can Iminlmize
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these exposures. It may reasonably be
Inferred, therefore, that all workers
are exposed to benzene levels below
the actlon level. Complisnce costs, es-
timated on the basis of the reasoning
used sbove, sre approximately $39.6
million for first yeer operations and
$2.6 million for recurring annual oper-
etions. - ’

In determining these compliance
costs, OSHA has assumed 10 wells per
facility In contrast to API's reference
to each well as a separate facility. It is
probable that even this computation
overestimates first year and recurring
annual operating costs, since the cost-
ing formula for Initial measurments
allocates substantial charges on & per
{acility basls, amounting for example

-to approximately 90 percent of flrst

. v

year costs, The estimated first year
costs would be reduced by the amount
approprizte for measurements already
performed pursuent to the benzene
guidelines or the ETS. Monlitoring
costs would further be reduced where
exposures at one workplace are repre-
sentative of exposures at another.

TRANSPORTATION e

Companles engaged in'the transpor-
tation of benzene and benzene con-
tarminated products are covered by the
benzene standard, OSHA's costs analy-
sis, therefore, covers the transporta-
tion by pipeline, marine tanker, barge,
tank car and tank truck of benzene
and benzene products. S

The cost analysis for pipelines [s
based on approximately 3,000 facili-
ties. This figure was furnished by an
AP witness (Scarborough) who testi-
fied that there were 3,000 pipeline fa-
cllities employing 12,000 exposed

-workers. A witness for Willlams Pipe

Line Company estimated that there
pre 17,000 exposed pipellne workers
{Bailey). The Willlams figures, howev-
er, may represent total employment,
Including administrative and clerical
workers, OSHA has utilized the figure
of 3,000 facilities in combination with
the two estimates of exposed workers
to yield a range of estimated compll-
ance costs. On this basis first year op-
erating costs are estimated to be ap-
proximately $2.7 m{Mion and recurring
annual costs for personal protective
equipment, tralning and recordkeeping
approximately $800,000., Bince the
standard does not require lzbelling of
pipellnes, no labelling cost is included.
Nelther have  engineering controls
been assessed since Industry measure-
ments indicate that all workera will be
below the actlon levels (Beiley).

The number of affected tank car fa-
cilities (loading and unloading) was es-
timated by ADL to be approximately
100, with an average of one exposed
worker per facility. (Table 5-1) The

- exposures of these workers will be de-

pendent on the quantity of the varjous

tenzene-contalning products shipped .

_points of utilization. Barges also trans-

-RULES AND REGULATIONS
through the facility, the methods of
loading and unloading cars, end the ef-
fectiveness of efforts to avold leaks
and spills. Conditlons are somewhat
slmilar to other facilities at which ben-
zene and benzene-containing lquids
are stored and transferred. Fellowing
the sampling protocol used through-
out this analysis, costs were assigned
on the basis that 20 percent of the ex-
posures are pbove the permissible ex-
posure llmit, 40 percent between the
perm!ssible exposure lmit and the
action level, and 40 percent below the
action level. It should be noted that,
since it was estimated that only one
worker per facillty ‘would be exposed,
monitoring cost were estimated on the
basis of 100 employees monitored. En-
gineering controls are to be installed
at these facilities that will effectively
control benzene emlssions, bringlng
the exposure levels of all exposed
workers below the action level. On the
basis of this reasoning, it was estimat-
ed that compliance costs will be ap-

< proximately $215,000 for first year op-

erntions, $16,000 for recwrring annusl

-costs, and $200,000 for capital invest-

ment.

Analysis of tank truck facilities
shows a pattern very Eimilar to that
for tank carsz. The rationale jusi de-
scribed yleld the following estimsates:
200 affected facllities, 200 exposed
workers, first year operating costs ap-
proximately $428,000,. recurring
anmual costs approximately $37,000
and capital investment $100,000.

Barges are used for the transporta-
tion of benzene from r:fineries to
port various refined petroleum prod-
ucts primarily for discharge at bulk
terminals, It iz estimated that there
are 480 employees and 240 barge tacill-
tles involved in the transportation of
benzene. The record indicates that em-
ployee exposure during loading and
unloadlng exceeds the permissible ex-
posure limit (Ex. 5A, 4-24). For cost
calculation purposes, OSHA has esti-
mated that 20% of the employees are
above the permissible exposure limit,
{forty percent are between the actlon
level and the permissible exposure
limit, and forty percent are below the
action level. On this basis—first—year
operating costs are calculated &t
$526,000, recurring annual costs are
calculated at $55,000 and eapital In-
vestment s est!mated to be $420,000.

Barges and marine tankers are also
used for the transportation of gaso-
llne. The distributlon of these expo-
sures, however, appesr to resemble
those encountered during gzsoline
production and distribution. In that
case, the average cost of compliance
per employee in his transportation,
Jonding - and unloading . .operations
would range {rom $100 to $750 per em-
ployes. .

LABORATORIES

Benzene expgosures occur In chemica.l(’

laboratories where benzene and other

petroleum-based solvents are used. <
Where careful lasboratory procedures -%

are followed, such as the use of prop-
erly functioning hoods snd appropri-
ate work practlces, exposures should
be very low. In order to estimate the
range of possible costs, OSHA calcu-
lated the cost on the basis of two sce-

percent of the exposed workers are Inl- -3

tially exposed sbove the saction level
but below the permissible exposure
level. The second scenario assumes 5
percent of the exposed workers are ini-

tially expostd above the permissible .3

exposure level. 10 percent are exposed
between the action level and the per-
missible exposure level, and all others

are below the rction level On this

basis, first year operating costs range
from approximsately 3$4.5 milllon to
$10.9 milion. Recurring annual costs
would be approximately $2.4 million, \f
all workers exposures drop below the
action level alter the first year, which
is expected as a result of appropriate

controls and work practices, . o

Rumeser FRODUCTS - .
The ADL study examined the poten-

tial for benzene exxposure In plants ¥

manuipeturing rubber tires and other
produets, such as belta, hoses, fittings,
and coated {abrics. ADL ldentified 208
affected tire producing facilitles em-
ploying 11,400 exposed workers. The
study cited data indlcating that expo-
sure levels were generally In the range
of 1-3 ppm and mAay be conslderably

Chigher (ADL, Ex. 5A. pp. 14-19; Tr. (
20). Stmilar testimony was provided B

Drs. Tyroler and Harris of the Unlver-
sity of North Carelina based on thelr
studies ol benzene exposure in the
rubber industry. (TT. 3083-3083) Both
studles indicated that control of expo-
sure could be achisved, reducing axpo-
sure levals to below the action level, by
substitution of materials and enforce-
ment of sappropriate work practices,
and thal engineering controls would
not be required. T yroler, Tr. J088)
Compliance costs were estimalted,
therefore, on the basis of all exposed
workers belng exposed Initially above
the permissible expogure bmil, and ex-
posures reduced to below thes—action
level after controls haave been Institut.

ed In tlre manufacturing plants .
First year operating costa were esti- .

mated to be approximately $15.3 mil-
Hon and recurring annual costs ap-
proximately $407,000.

The anslysls of [lrms producing
other rubber produ<cis was based on
the same consideratlons of workers ex-
posed and compliance actirities For
these flrms flrst year operating costy
were calculated at approximately $18.1
‘million, :and -Tecurrirg ‘snnual costs at
approximately $43-4.000 based on 197

. _fn.cﬂlliex with 13,050 txposed workers
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OTHER INDUSTRIZS

> There are 2 number of other indus-
. trles In which benzene exposures will
oceur due to the use of solvents, con-
talning benzene in the processes or
- products Involved, OSHA has estimat-
: ed the approximate level of antlcipat-
& €d compliance costs for 16 -Industrles
¥, thought to be representative of the
i range of cost lmpact Involved: Adhe-
slyes manufscture and application,

palnt stripper manufacture and appli-
catlon, printing ink manufscture, and
gravure printing, metal can produe-
tlon, manufacture of photographle
. equipment and supplies, production of
motors and’ generators, commercial

8 printing manufacture of folding paper-

beerd boxes, paper mills, and menu-
k. Iacture of wood household furniture.

- Fims In these {ndustries are relatively
smell, use similar materials, will have
generally low exposure levels, and can
eflect control of all worker expostures
to below the actlon level by substitu-
tion of materials and enforcement of
good work practices. It Is OSHA’s
Judgrnent that most of the employees
in these Industries are exposed to ben-
zene levels below the actlon level
However, some data in the record on
employee exposires related to the use
¥ Df these solventa indlcate that some
¥ worken in particulsar industries may
"be exposed at higher leyvels. OSHA
E feels that the probable range of costs
* can be Indicated by calculating the

costs under two hypothetical exposure
- patteyns: (1) If 10 percent of the ex-
posed workers are expcsed above the
action level, but below the permissible
exposure limit, and all other employ-
ees are exposed below the action level;
and, ¢2)If 5 percent of the workers are
exposed above the permissible expo-
gure limit, 10 percent between the
action level rnd the permissible expo-
gure limit,- and all others below the
actlon level. Costs calculated in this
way indicate that, In these Industries,
the first year operating costs will lie In
the range of $2,000 to $3,270 per facili.
+% Ty, or 3240 to $380 per exposed worker.

.. OSHA.ls aware that there are other
1 Industres where employee exposure to
lr‘ bepzene mey occur. Howeyver, al-
S

though em opportunity to present data
% and_views_nis to. the-application of the
3 benzene sizndard to all iadusiry sec-
i, tors was afforded, no submissjons were
«, made on behalf of these industries. In
% the ahsence.of exposure and cost data,
%.0SHA has been unable to calculate
= costs for those Industries, In summary,
.. OSHA finds tha} the economic impact
.Y of the {inal benzene standard will not
2.be such as to threaten the Ilnancial
- welfare of the affeoted firms or the

, keneral economy.

B OrrEr EcononMic Inpacts B
F%;1n ‘addition $0 rsséssing the compll-
.%noe cost and economic feasibility of

l‘k-

paint manufacture and application,’

RULES AND REGULATIONS

the proposed standsrd, OSHA evaluat-
ed the economlc Impact of the pro-
posed standard on affected industries
and the general economy utilizing the
criteria of Executlve Order 11821 (338
FR 41501) 83 mmended by Executlve
Order 11945 (42 FR 1017), and related
implementing instructions particularly
Secretary’s Order 15-75 (40 FR 54484).
The evaluation of such impact was
made a part of the economic analysis
of ADL. The methods of evaluating
these Impacts and the conclusions
reached were extensively discussed
during the benzene hearing.

The portion of the ADL study was
designed to show the economic effects
ol compliance with the proposed final
benzene standard upon affected indns-
tries. OSHA belleves that this analy.
5ls, a3 modlfled to reflect the changes
made In specific provisions in drafting
the fInal standard, adequately defines
the economic impact of the final stan-

ADL's analysis was, as discussed fur-
ther below, challenged by witnesses
for AISI and API on the ground that
it was not sufficlently rigorous. Nel-
ther AISI nor API questioning of the
ADL costing methodology indleated
serious disagrcement with the data
used. Nor did these witnesses offer any
evidence t{ending to disapprove the
conclusions reached by ADL, or sug-
gest specific: analytical procedures
which, If followed, would clearly im-
prove the study and increase the accu-
racy of the findings After careful con-
sgideration of each of the questions
relsed by these and other witnesses,
OSHA has made minor modifications
In some elements of the cost anslysis,
and hes concluded that the evidence.
Indicates that the economic impact of

‘the final standard may be more wide-

spread than that shown In the ADL
study but less severe for the industries
analyzed by ADYL,, ~

IMPACT ON ENERGY, CRITICAT MATERI-
ALS, AND OTHEM MACROECONOMIC VaAR-
TABLYES

The ADL =analysis indicated that

there would be no significant change
In either the supply or demand sides
of the markets for energy or critical
meaterials,
Two economlists testifylng for API
argued that these were .lmporiani
areas of potentlal impact Improperly
lgmored by ADL. Scarbrough, p. 4-5
and Henderson, p. 8-7). Under ques-
tloning at the hearings, however, nel-
ther witness offered any data indicat-
Ing that these effects would be signifi-
cant or put {orth any reasons to sug-
gest that they would be. (Tr. 2225-
2228, Scarbrough, end Tr, 3213-2314,
Henderson.)

. ., ~ DbosmonPmem
The compliznce costs Identifled In
the cost analysis provided the basis for
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estimating the Impact on prices,
output and lsbor productivity, The in-
direct costs resulting from Incresses in
the prices of benzene and products
made from it were identified end in-
cluded in the estimation of Lmpacts on
producers end consurners, Capital
costs were amortlzed over 'I years at 10
percent {o reflect & nmormal return on
investment. AD), assumed that the
brice would Increase in the long run by
the amount of any increase in long
Tun average cost, Incluiding the normal
return to investment. ‘This provides a
reasonable approximation of maxi-
mum potential price Impact, snd
OSHA considerz it to be acceptable
where exact costs cannot be known
and precise messurement of price
changes Is not feasible.

IurAcT OF PRICES ON OUTPUT AND
MARKFET STRUCTIURE

Economle Impact was judged on the
basis of expected overall influence of
price increases, product substitution,

price elasticity of demand, market -

growth, volume of 1imports and ex-
ports, market concentration, and com-
pliance cost differentials,

ADY, reasohed that Dbuyers of ben-
zene will continue to purchaze the
same quantities after & small price In-
crease, provided there are no economi-
cal substitutes for benzens and pro-

vided that they can pass the added ~

cost along in the price of their prud-
ucts. If users of the snd product
reduce their purchasez In responsz to
the cost pass-through. tbhen the indus-
trial purchasers will change the mix of
products they manufacture and buy
less benzene. The elaxticity of consum-
er demand In turn depends on whether
consumers can substitute other goods
of the same type for those whose
prices increase as a result of the cost
pass-through, and whether consumers
reallocate thelr Incormes Lo buy other
kinds of goods and services while
buying less of the omes whoss prices
Increased.

The magnitude of tae expected costa
i3 such that the parcentsge change In
consumer product prices would be rery
small. No income eifect (reallocation
of Income) of any significance would
be expected. Therefors, eslhasticity
would reflect simost exditirely the avall.
abllity of substitutas, =m® ADL indicui-
ed, although this conclusion woukl be
questionsble If s lsrge Drice change
was anticipated. ADL3 product-by.
product discussion of ibe srailabiity
of substltutes f{or berxxent and for the
petrochemlcal products nade [rom
benzene showed clesrly that in all
major product lines mubstitutes were
judged to be inferior and
more costly, at best, mnd umavaflable
with present technolo€y in may in-

:stances, {ADL, Ex.--5.MA: PR 18 10 §-

22.) Consumer substituilon was abo
judged to be sharply ltmited on the

10, 1978
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basis of the qualily and cost of avalil-
able substitutes. OSHA believes that
the reasoning followed by ADL In this
qualitative analysis {5 reasonable.
Using en estimate of relatively In-
elastic demand for benzene (elasticity
w= - 0,6) {ADL pp. 6-11) and an esti-
mated price increase of approximately
1 percent, ADL estimoted that demand
for benzene would fall by approxi-
mately 0.2 percent (18 million pounds)
in the short run and by approximately
0.5 percent (54 milllon pounds) in the
long run for refineries and steel com.
panies producing benzene. Since the
demand for benzene is growing moder-
ately, these decreases would represent
& slight decreasse In the amount of
growth, rather than an absolute de-
cline from current levels of produc-
tion. Forelgn trade sccounts for only §
percent of U.S. supply and Is not ex-
pected to be a significant factor atiect-
ing domestic producers, considering

_ thesmall projected change In price.

The price of benzene i3 determined
by petroleum refiners, who supply 53
percent of the market. Since coke aven
producers will Incur higher compllance
costs than the benzene producing re-
fineries, they will.be able to recover
only part of their costs through price
increases and will be adversely affect-
ed by the standard. It appears prob-
able that some producers of benzene
trom coking operatlons will chcose to
sell their light ofi to other flrms
rather than continuing to produce
benzene (AISI). Similarly, some refin-
eries now producing benzene may elect
to change their product mix to elimi-
nate benzene production. These deci-

' sions will be made by benzene prodne-

ers on the basis of many factors effect-
ing the profitability of benzene pro-
duction and not on the basls of the
impact of this standard alone.

No data were submltted in the hear-
ings that provided a basis for estimat-
ing the pumber of Ilrms that may
eliminate benzene production. It was
not contended, however, that any pro-
ducing firm will be forced Lo close or
be forced intc an unprotitable position
as a result of the compliance costs as-
sociated with this standard.

IMPACT OF PRICE ON EMPLOYMENT AND
PropucTIviTY

Sinee ADL projected no absolute de-
crease {n total production of benzene,
1t did not project employment losses
for benzene producers. API witnesses
questioned this on the basis of thelr
challenge of the mnalysis of demand
elasticity, price change, and reduction
of demand. (Scarbrough, pp. 24-25;
Henderson) OSHA reasons, however,
that {f these elements of the analyds
are acceptable, the conclusion.that
production employment will not de-
clifie’is valld, although some realioea:
tion due to structural changes In Lhe
industries may occur.

RULES AND REGULATIONS

API also argued that Increased labor

cost resulting from complance pro-
grams could lead to some substitution
of capltal for lzbor. (Henderson, p. 10)
In its testimony, ADL pointed out that
the productivity of both labor and cap-
ital would decline [n the same order of
magnitude and that this would indi-
cate that substituticn would not oecur.
(TR p. 58B4) ADL also submitted thsat
the industry sectors In question are
quite capital Intensive and that for
this reason, “it is not antclpated that
the proposed regulation would have
any observed effect upon the utillza-
tlon rate for lzbor in these Industries.”
{ADL post hezring. BEx. 16N)
. OSHA recognlzes that some decline
In overall labor productivity may
result from adding compliance person-
nel such as technicians end hygienista
to the work force of benzene produc-
ers, slthough the direct productivity
of productlon workers is not afiected.
This decline was estimated by ADL to
be approximately 1.4 percent for coke
producers and 0.8 percent for refiner-
jes (ADI, Ex. 54, Table 8.5, p. 8-16).

BENEITIS - o0 - S

The leg‘lslatlve' history and la;m;rua.zé~
of the Occupational Safety and Health

Act, as distingulshed from some other, *

environmental and safety legislation,
clearly Indfcats that Congress has al-
ready arrived at a Judgment concern-
ing the balancing of cost and benefit,
with tha result that, worker safety and
health are to be heavily favored over
the economic burdens of compliance.
Bpecifically, Section 6{b)(5) of the Aci
Jprovides that __ -

-the Becretary, In promulgaiing standards
dealing with toxic materizls or harmfuol
physical agents under this subsection. shall
2et the standxrd which most adegquately as-
sures, to the extent feasible, on the besis of
fhe best avallable evidence, that no employ-
ee will suffer material impairment of bealth
or functlional capacity even if such employ-
e¢ has regular exposure bo the hazard dealt
with by such standard for the period of his
working llfe. Development of standards
under thia subsection shall b2 based upon
research, demanstrations, experlments and
such oiher Information as may be appropri-
ate. In addition to the attalnment of the
highest degree of health and safety protec-

tion for the employes, other considerations °

shall be Lhe )atest avallable acientitic dats
in the field, the feasibility of the standards,

» and experience gained under this and ot.ber

health and xafety laws. .

Thus, while feasibility ls an appro-
priate consideration, the Becretary is
directed to set standards which attaln
the ~highest degree of health and
safety protectlon for. the employce
e ‘"

This does not mean, however, that &
systematic evaluation of costs and
benelits Is not to be encouraged within

‘the Hmilta of ‘the estlmstion ‘taéh-

niques.-In considering the issue of fes-
sibiilty In this rulemaking, as In

* page-p2;~-96; ALSI- brief, page 89, 97),

others, OSHA has carefully evaluated
the cost of compliance which may b
incurred by the directly affected em-\
ployers and thelr ability to comply._
Additionally, OSHA belleves that a°
standard for r substance which hasi
been [ound to pose a cancer risk to.;‘
workers, In thls case benzene, must
assure meximum beneflt (Le., preven- *
tlon of serlous lllness or death), con- +
fé:ra.lned only by the lHmits of Iea.sibﬂ- J
y cd
There Is general agreement that %
benzene exposure cases leukem!a as
well as other fatal diseases of the?
bloodforming organs. In splte of the .
certainty of this conclusion, there does 3
not exist an adequate sclentific basis :
for ‘establishing the quantitative dose
response relztionship between expo--:
sure to benzene and the induction of
leukemia and other blood diseases. ®
The uncertainty tn both the actunl
meagnitude of expected deaths and n ;
the theory of extrapolation from ex-':
isting data to-the OSHA exposurs
levels places the estimation of benefits -
on “the-frontliers of sclentific knowl- 3
edge.” While the actusl estimation of
the number of cancers to be prevented

is highly uncertain, the evidence indi- g

cates that the number may be appre- }
ciable. There 18 general agreement :
that even In the'absence of the ability
to establish & “threshold” or “safe”
level for benzene =nd other carcino-
gens, A dose respomnse relationship ix
lkely to exist; that I3, exposure to
hipher doses carries with it 2 higher -
Tisk of cancer, and conversely, expo-
sure to lower levels 1s accompsanled by
B reduced risk, even though a precis;
guantitative relationship cannot be
tablished. In Lght of the uncertalnties
In this area of sclentifle knowledge,
OSHA bhelleves that L is regquired by
prudence and by the statutory man- °
date to sdopt a highly protective pos-
ture In considerlng the evidence for
health benefits.

Various witnesses me that cost
benefit or cost effectiveness should be
the primsry criterion for regulatory
decision. OSHA was criticized by In-
dustry particlpants for failure to con-
alder what benefits would be derived
from reducing the current permissible
exposure level for Benzene (API brief,

The Councll on Wage and Price Stab{l-
ity (CWFS) also suggested that OSHA
eatimate the Incremental reduction in
health risks which are sssociated with
the reduction in emaployee exposure to
benzene (Bosworth letter, 9/12/77 to
B!nzham) : e
~Both CWPS and Induxtry suggested
ways in which thiz could be achleved.
CWPB suggested that OSHA apply
the expected lifetime Incldence rates
of Jeukemlia and bLhe Increased inci-
denée tates reveslied by the sclentific
studies to the benzene exposed popula-
tion to derive the number of expected

’
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¥ excess cases attributable to that exXpo-
e sure. An MCA witness, Dr. Wlison, as-
g sumed a dose response relationship
& and calculated that at the current ex.
posure levels only one leukemls angd
one other cancer would be observed
mmong the benzene exposed workers
govered by the proposal every 6 years
(Ex. 149-B). This witness further testl-
fied that the proposed standard would
cost $300 million for every hypothetl.
.- tal life saved (TT 2750) and concluded
s 8 result that the risk from benzene
related deaths Is comparable to many
¥ other soclally acceptable risks. -
An API witness contended that ra-
tiona) allocation of OSHA's Tesources
required policles that utilize cost affee-
tiveness 83 the primery basis for regu-
latory decisions. He further argued
that OSHA should make an assess-
ment of what risks exist from expo-
sure to benzene ab 1-10 ppm., which
should then be compared with estl-
mates of risks posed by other health
hazards such ns from cotton dust ('Tr.
21567) as well ns with the risk associat-
ed with other aciivities of soclety
;- which he termed generally eceeptable
risks In order to determine whether
the cost of the benzene standard is

numerous actual deaths attributable
to benzene-induced
other fatal blood disesses, OSHA is
> unwllling to rely on the hypothesis
that at most two cancers every six
%" years would be prevented by the pro-
* posed standard, By way of example,
| the Infante study disclosed seven
% excess leukemia demaths In a popula-
tion of about 600 people over & 25-year
. period. While the Infante study in-
volved hlgher exposures than those
i currently encountered, the incidence
¥ rates found by Infante, together with
£, the numerous other cases reported in
the lterature of benzene leukemia end
other fatasl blood diseases, make it dif.
. Iicult for OSHA to rely on the Wilson
= hypothess to assure the statutorily
mandated protection of employees. In
any event, due to the {act that there is
no safe level of exposure to benzene
and that it Is Impossible to precisely
% quantify the anticipated -benefiis,
."OSHA must select the level of expo-
& sure which is most protective of ex-
¥ pused employees.
We recognize thet In view of the la-
% lency period usually assoclated with
7-; the induction of cancer, sigriificant re-
4. ductions in mortality may not be seen
« for many years. However, unless expo-
1. sures are reduced now, OSHA believes
that the mortality rate will not decline
- ind employees exposed to benzene will
continue to suffer excess mortality, Fi-
*-nally; -it-should . ‘be “noted -that- this

warranted. .
In the face of the record evidence of
'3
£
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.. standard for employee exposure to
*. benzene cannol be simply described as
f‘,“ reduction In permissible exposure

1,}imm L0 ppm. to 1 ppm, &5 & dally aver-

A

Jeukemia and -

RULES AND REGULATIONS

age. The previous standard for worker
exposure to benzene permitted dafly
exposures s high as 50 ppm. for a
period up to 10 minutes and repeated
exposures of 25 ppm., levels which are
nown to produce serious hazards of
blood diseases. .

In making judgments about specific

. hazards, OSHA i5 given discretion

which Is essentially .legislative in
nature. However, in setting an expo-
sure limit for & substance llke benzene,
OSHA may not substitute cost benefit
criterla, for the legislatively deter-

“mined directive of protecting all ex-

posed employees against material im-
pairment of health or bodily function.
Where the health effectlveness of the
slternative approaches are extremely
uncertain and dkely to very from situ-
ation to sltustion, OSHA must adopt
the compliance strategy which pro.
vides the grestest certainty of worker
protection even if that approach car-
rles with it greater economic burdens
for the affected employers. In the case
of the benzene standard, the evidence
in the record indlicates that the costs
of compllance are nob overly burden-
some to industry,” Having determined
that the benefits of the proposed stan-

.dard arz lkely to be appreciable,

OSHA 1s not obligated to carry out
further exerclses toward more precise
celculations of benefit which would
npt signlficantly, clarify the ultimate,

decision. Previous attempts to quanti-

Iy benefits s an aid to decidon
making In setting heslth standards
have not proved ifrultinl (41 FR
46742). .

Based vpon the foregolng and the
record Bs'2 whole, OSHA finds that
compliance with the standard (even if
the hlgher cost estimates supgested by

. some participants are used) is well

within the flnanclal capablllty of the
covered Industries. Moreover, al-
though the beneflts of the standard
cannot rationally be quantified in dol-
lars, OSHA has given careful consider-
ation to the question of whether these
substantial costs are justified tn Ueht
of the hazards of exposure to benzene.
OSHA concludes that these costs are
necessary In order to éffectuate the
statutory purpose -of—the Act end to
adequately protect employees from
the hazards of exposure to benzene,

V1. SUMMARY AND EXPLANATION OF THE
STANDARD

The following sections discuss the
various issues ralsed during the ben-
zene rulemaking proceedings, the indi-
vidual requirements of the permanent
benzene standard and the rationale
and pollcy considerations underlying
the provisions of the standard. In de.
véloping “"these requlreménts, OSHA
has consldered all the evidence in the
benzene record. After consideration of
all of this evidence, OSHA has revised
and clarified, as deserfbed In detall
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below, certaln provisions of its pro-
posed benzene standard.t
Scope and Applicalion: parapraph
(2) This standard applies to occupa-
tional exposure to benzene in all work-
places In all industries where benzene
is produced, reacted, released, pack.
aged, transported, handled or opther-
wise occupaiionally used, except for
the agriculture Industry.” Thus, the
standard applies to “general industry”
as well a3 to the construction and
maritime Industries. By speciiic exclu.
slon discussed In detsll below, the
standard does not apply to the sale,
discharge, storage, transportation, dis-
tribution or use as a fuel of gasoline
and other fuels, subsequent to dls-
charge from bulk terminsals. "The appli-
cation of the standsrd is further limit-
ed in that not all of the requirements
of the standard will epply to every em-
ployer regardless of the conditions in
his workplace. The permarient stan-
dard, unlike the emergency temporary
standard and the proposed standard,
incorporates an actlon level so that
the specific provisions of the perma-
neant standerd that spply to any par-
ticular workplece depend wupon the
“extent of employee exposure to ben-
zene, Additionally, only the labeling
requirements of paragraph (k) (2), (3),
(4), and (5) and the trainim»g require-
ments of paragraph (§) apply to work.

places where the only benzmerne is con-_  _

tained in sealed Intact contalners. *
The scope of the finel sta=:dard hes
been significantly changed from the
scope of the proposal and the emer-
gency temporary standsrd. OSHA was
faced with several alternatives in de-
cldirg on the extent of coverage of the
benzene permanent standard and in
achleving Its objective of mxaximizing
the protection afforded emjployees oc-
cupationally exposed to benzene while
Ymiting the burden placed on their
employers. Benzexne, as pointed cut
earlier, Is used in a vast number of op-
erations In quantities varying from
trace amounts In solvents to large
amounts of pure benzene, Coverage of
all workplaces where benzemne Is pre-
sent would, of course, extend the pro-
tection of the standard to the greatest
number of employees. It would mean,
however, that—workplaces where ben- -
zene Is present only in trace smounts
and potential employse exposure‘ls
minimal would be subject to the same
exposure monitoring and mediesal sur-
velllance requirements as woTkplaces
where the potential for high employee
exposures exists. While this would sat-
Isfy that part of OSHA's objective of
maximizing the protectionn =lforded
employees, It would fafl to reasonebly
limit the burden placed on ernployers.

! For the convenlence of the publlic, OSHA
has Included. as part of the tile ©f e8ch sec-
tion of the suminary and explana tion of the
standard, the particular parsgrepb of the
standerd to which the discussiopn xrefers.
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Prorostn PERCENTAGE EXCLUSION

The proposal and the emergency
temporary standard both would have
exempted from coverage those oper-
ations utilizing liquid mixtiures con-
talning 1 percent or less benzene’ by
volume. The proposal would have
lirnited this 1 percent exemption to
the first year of the standard Bfter
which period only liguids containing
0.1 percent or less benzene by volume
would be exempted. The proposed per-
centage exemption was based on some
indication that exposures resulting
from the use of mixtures containing
less than 1 percent benzene would gen-
ernlly be less than 1 ppm (42 FR
97453-4), It was also anticipated that
the percentage exclusion would lead to
a reduction of the benzene eontent In
solvents or to substitution of other
substances for benzene with the resuli
that employee exposure tc benzene
would be reduced or eliminated. As &
result of evidence developed during
the bdenzene rulemaking, however,
OSHA hss determined that the per-
cent exclusion cannot be supported on
this basis. The benzene record indi-
ecates that there is no consistent pre-
dictable reletionship between the per-
cent of benzene in a llquid mixture
pnd the resultant alrborne exposure to
benzene (Tr. 3120). Studles conducted
by the University of North Carolins
demonstrated that exposure levels
varied considerably during various
work operations utllizing lquid mix-
tures containing the same percent of

benzene (Tr. 3090-3091). Support for -

the conclusion that a less “than one
percent benzeoe solution can result In

exposures above 1 ppm Is found In tes-

timony suggesting that other factors
than the percent of benzene in the
Hquid may be determinsatlve of expo-
sure levels: Thus, NIOSH testliled
that employees working with No. 6
fuel which contains only 0.1 percent
benzene were exposed to levels ns high
as 60 ppm under certain conditions of
confined space, poor ventilation or ele-
vated temperatures (Tr. 754). The Unl-
versity of North Carolina date slso re-
veeled that exposure levels In heavy

duty tire spraying utilizing rubber-sol-.

vents were 1.3 ppm when sprayed by
the reguler full time operator but
reached 5.2 ppm snd 7.3 ppm when
sprayed by a substitute operator (Tr.
3083). This suggests that work prac-
tices are also determinative of expo-
sure levels. To maxlmize protection of
employees, It is necessary to reduce
their exposure to benzene, to the
lowest feasible Umit. Since the per-

- centage of benzene In & ligquid is not In

itself necessarlly controlling of the
_the pro-
posed percentage exemption, would
not achieve this oblective. According-

1y, the {inal standard does not contain :

g percentage exemption and thus ap-
plies to ll lquld mlixtures contalning
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benzene regardless of the percent of
benzene.

1t s OSHA's view that the absence
of a percentage exemption does not
eliminate all incentive to reduce the
amount of benzene In liquid mixtures.
Where another suhstance is totally
substituted for benzene, this standard
will obviously not apply. Additionally,
it should be noted that the inclusion
of an action level will effectively limit
the burden of this standard where em-
ployee pxposure s found to be Jow be-

cause of its lJ.mlted presence in a mix-

ture. .
BEeENZENE Smasrrrm-ns

In lleu of the percentage exception,
OSHA considered the option of
exempting from the standard certain
benzene substlfutes, such as toluene
and xylene (although they may con-
tain small amounts of benzene). An ex-
emption of this type would encournge
employers to discontinue the use of
benzene and utilize a substitutie In
order to avold the requirements im-
posed by the benzene stendard. These
substances themselves, however, do
contain varying amounts of benzene
and, as stated arbove, there is no evi-
dence of a consistent direct predict-
able correlation between the amount
of benzene and exposure levels. Thus,
it was concluded that toluene znd
xylene, to the extent they contain
benzene rnd result in benzene expo-
sure, would be covered by the stan-
dard.

- AcrIOoN LEVEL
_OSHA recognlzes that the Iack of a
percentage exemption substantially
expands the coverage of the benzene
standard to operations which may oth-
erwise have been exempt. In many of
these operatlons, exposure levels
below the permissible’ exposure Umit
have already been achleved. To mini-
mize the impact of the standard on
those employers who have attained
these low exposure levels, the final
standard provides jor an actlon level,
This action level is a benzene exposure
equal to one-half of ihe permissible
exposure limit &bove which certain
precautlonary measures, such as peri-
odic monitoring and medical survell-
1ance programs must be conducted and
below which only 2 very Umilted
number of the standard's reguire-
ments will apply. Thus employees who
have an Initisl exposure measurement
below the 0.5 ppm TWA =zction level
will not have to be monitored periodi-
cally. If the Initial monltoring expo-
sure measurement Is below the action
level, no further monitoring is neces-

.s8Ty-untl such time a5 8 redetermina-

tion-may be required &s a result of a
process, cootrol or personnel change.
Furthermore, mediesl survelllance of
individual employees whose initial ex-
posure measurements are below the

actlion level wounld not be required. Noritu-
would regulated areas need to be es-":g
tablished or engineering or work prag-?
tices Instituted or respirators provided. ¥
A1l other provislions of the standzu-d;- N
however, would apply and the employ-5& }
er would need to traln his-employees’s
In the hazards of benzene exposure, to 3
properly label his products and to .
maintain the record of the Initial ex:’,
posure measurement and, if eny, the f
record of the redetermlnstion mea- i
surement, - .
The adoption of an action level had .
been recommended by several particl- g
pants to the rulemaking. NIOSH, rec-%
ommended that an-action level for pe--A
riodic monitoring and routine periodid 3
medlca) exams be incorporated for the 2§
purpose of assuring that no employee 33
is. exposed rbove the permissible expo- §
sure Hmit (Tr. 749-750). Industry par- 7§
ticipants advocated a level which 7
would trigger fhe periodic monitoring 3
of employee exposure (Com. 24; Com.3
72; P.C: 38 AISI brief p. 74, FT. no.: !
~188). A need for an action level is also %
suggested by the record evidence that £
some minimal exposure to benzene-g
occurs nat from animal and ¥
plant matter (Tr. T49-750; 755-760). ¥
Naturally occurring benzene concen--X
trations, it appears, may range from j
0.02 to 156 parts per billlonn (Bx. 117, p. 3§
1). Additlonally, it was suggested by §
certaln employers that thelr oper- &
ations be exempted from the reguire- ¥
meénts of the standard because those ¥
operations involve only intermittent &
and low level exposures to benzene.
The use of the action level concept F|
should recommociate these concerns In -3
all coses where exposures are indeed 53
extremely low since it substantially re- x
duces the monitoring of employees 3
who are below the action level and re- ‘%
moves for these employees the re- !
quirement for medical survefllance. At
the same tlme, employees with signifl-
cant overexposure are.afforded the
full protection of the stanadard. - 3
In developing this regulatory ap-.%
proach to occupstional excposure from &
benzene, OSHA consldered the request %
of those particlpants to the Tulemsk- .9
ing who pressed lor exemption Irom S| —
the benzene standard of their particu- :y
lar operations.

BULX TERMINAT.S

The final standards apply to bulk =
terminal operstors but exclude expo- :
sure from gasoline,” motor fuels and
other ifuels subsequent Yo the dis-
chn.rge from the bulk terminal, -‘;

During the rulemaking, bulk terml-
nal employvers requested that thelr 3
grsoline operations be exempted from
the benzene standard, Biulk terminals
are the primary distribitlon facilities

in the gasoline mnarketing network. A

bulk terminal Is the first distribution
polnt of gasoline after thae gasoline is
processed by the refinexry. Gasoline
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products are transferred from refinery

f.‘ storege to the lerminal by pipeline,
2> tanker or burge (Comeaux statement.

“p. 11; AD. Litlle, vol. I, D-35) and
placed in larger storage tenks (Tr.
2353) at the terminal, Further distri-
bution {rom the terminal is most com-
monly by tank trucks (Comesux state-
ment p. 11). The grsoline Is pumped
from the termilnal storage tanks into
the trucks and distributed directly to
consumers, lo retail outlets, f.e, retall
service stations, or to other secondary
distribution points. These secondary
distribution points are smealler termi-
nals (Tr. 478) referred to ms bulk
plants, which also distribute the gaso-
line by truck to ultimate consumers,
such 25 farmers and small businesses,
or to retafl outlets, Final distribution
of gasoline to retall service statlons
and to ultimate consumers i3, there-
fore, by truck end elther from s bulk
terminal or & bulk plant (Comesux
statement. p. 11}, Gasoline emissions
occur at Lhe storage tanks, at the tank
trueks, and {rom leaks and spills, with
the major emissions occurring when
tank trucks are being loaded with .the

gesollne, The majority bpf terminal.

storage tanks are equipped with float-
ing roofs which sre effective in redne-
ing storage emissions. Some tank
trucks have bottom loading which re-
duces emissions during Jloading (Tr.
1294).

“Pariicipints In'the benzene rilemak-

Ing argue that the exclusion of gaso-
Une storege and distribution activitles
subsequent to discharge from the ter-
minsls results In an artificial distine-
tion between bulk plants, wkich are
not covered by the standard, and bulk
terminals which are covered. {AP] P.C.
33, pp. 138-140; Comenux, p. 12 Bexton
p. 22). In support of this contention,
Industry furnished evidence that expo-
sures at bulk plants were slmilar to ex-
posures at bulk terminsls (Ex. 115A-
- 10; Sextor, p. 18: L.C. 4) and that bulk
_ plants handle the same products, utl-
. lize similar hrandling procedures and
iuse basjcally the same equipment as
bulk terminals. From the technologl-
!CBJ standpolnt, it also appears that
' several of the same types of vapor re-
covery Bystems can be utilized by both
the hulk plints afdthe bulk terminals
(Tr. 236). The major difference be-
tween bulk terminals end bulk plants,
it wus said, 15 2 dlference In the

-] number of gallons of gasoline distrib-

uted (Sexton; Durham 1.C. 4),

.Allbough this description of bulk
terminals and bulk plants suggests
that there may exist some basizs for
treating bulk plants in 2 like manner

-{-1o lerminals, {t does not necessarily

{lollow that bulk terminals should be

excluded from the standard. The ques-
% -tlon of what regulatory sction shoild
= be taken with regard to bulk plants

RULES AND REGULATIONS

not an issue at the benzene hearing.
Thnis exclusion of post terminal gaso-
line marketing sctivities from the ben-
zene rulemaking wes not based on the
absence of any harard. Rather, es
stoted In Its Frosnal ResisTer notlee,
OSHA concluded that regulatory ef-
forts to reduce workers' exposure to
benzene released during the transpor-
tation, storage, distribution and sale of
gasoline subseguent to discharge from
bulk terminals should await the con-
clusion of the dellberations of the
inter-agency {OSHA-EPA-NIOSH)
task force which was actively conslder-
ing those activities, (As polnted out In
the preamble to the proposed benzene
stendard (42 FR 274563) certaln phases
of the downsttream gasollne activities
which have been exempted {rom the
standaerd, Involve addiiional hazards
which may necessitate different pro-
tective requirements and the develop-
ment of appropriate equipment con-
trol devices, and require that these
downstream operztions be handled in
gn integrated manner.) In the same
notice excluding bulk plants as an
jssue at the benzene hearing, OSHA
solicited data and comments regarding
those distribution actlvities *In order
to assist in the subsequent develop-
ment of a proposal for this industrial
segment.” Therefore, OSHA hss pres-

. ently under consideration the question

o! what types of regulatory nction to
propose for the protection of bulk
plant employees exposed to bengene.
Pending thls regulatory action, bulk
plants and other post terminal oper-
ations will continue to be subject to
the requirements of 29 CFR 1810.1000

and to meet the exposure lmits of
Table Z-2 of that section. ’

The exclusion of bulk plants from
the notice of the benzene rulemaking
precludes regulstion of those faciities

In this fina! benzene stendard. Exemp- -

tion of the bulk terminals which were
covered by the notice of rulemaking,
however, would remove from the pro-

tection of this standard those employ-

ecs who are involved In terminal ac-
Hvitles, Data from eleven companies
Indicate that they operzte 832 bulk
terminals ermploying . 9,800 employees
(Comerux, p. 12). Onecompany-slaone
estimsted thet over four thousand of
its employees were exposed to benzene
in its gssollne marketing operations
covered by the standard (Sexton p. 20-
1). This same company Indicated that
most. of Its 924 commissioned agents
and 1,014 jobbers handling Its prod-
ucts alone would heve employees ex-
posed to benzene emissions during ter-
minal activities. It 1s OSHA's view that
benzene's carcinogenicity requires ex-
tending the protection of the standard
to the greatest numbper. of empléyees.
Accordingly, OSHA deems It necessary
to apply this benzene standard to gas-
ollne storage and distribution oper-
ations at bulk terminails,
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It Is OSHA's view that application of
the benzene standard to bulk terminal
activitles will not lmpose a great
burden on bulk terminal employers.
The record evidence Indicates that the
exposures rt storage tanks and loading
docks at the termipals, of at least
some employers range between 0.2 and
Al ppm on an 8-hour TWA (Sexton
Bx, 115-A. 10). These ranges are based
0n measurements taken during the
loading of trucks with and without
bottom loading equipment. Where em-
ployee exposure to benzene 13 below
the actlon level, as in the case of the
range of measurements cited above,
the standard imposes a minimum
burden upon the employer,

Nor-Gasolins PrrroLEnM PRODUCTS
. AND ACTIVITIES

Industry participants further argued
that exemption of downstream gaso-
line marketing operations Qiserimi-
nates against the non-gasoline phases
of the petroleum indusiry, such as ofl
and gas production, plpellnes, mmarine
petroleum transportation, refineries
and petrochemical facilitles, because
worker exposures and compliance
costs are comparable (API PC 33, pp.
140 If; Com. 29). Crude ofl and naetural
gas producers further argued for ex-
emption of thelr fachlities becatise con-
ditions at thelr facllities—mnamely,

open alr workplaces, widely scattered- -

empioyees, the transient natunre of
their workforee and essentially mo ex-
posure to benzene, made compllance
burdensome (Com. 83). As =stated
above, the need to protect the meny
workers involved in the non-gasoline
nctivities necessitates the incluasion of
these actlvities In the benzere stan-
Furthermore, by virtue of the
action level concept, these very factors
cited by the oll and gzs producers will
substantially mitigate the burden of
the permanent standard on emmployers.
Alr transport participants using avl-
etion fuels, such as kero jet, =Aargued
that non-gasoline aviation fuels de in-
cluded in the gasoline aviatjon Jnarket-
Ing exemptlon. OSHA agrees. OSHA
recognized, in its preamble to the pro-
posed benzene standard (42 FR 27453),
the special need to coordinate the Fed-

eral Oovernment's efforts In reducing .

benzene exposure in certaln espects of
the distribution of gusoline and other
motor fuels. The jolnt OSH.A—-EPA-
NIOSH task force, consequentls, has
under consideratlon the matter of
non-gasollne motor fuels. Besides kero
Jet, there mre other types of mmotor
{fuels, such as diesel fuels, which raise
the same {ssues of control as gasoline.
There may be other motor fuels con-
talnlng benzene on which OSELA does

not have data. OSHA is conducting ils

own review of gasoline and has solicit
ed information {from the public ©OX EAS-
oline (43 FR 32263). It s, therelore,

. OSHA's intentlon to delerrmine the

10, 1978
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regulatory actlon to be taken on non-
casoline motor fuels after review of
the data mnd recommendetions of the
Jotnt Federal task force and evaluation
of the informstion furnished in re-
spanse o OSHA's notlce on gasoline.
For these reasons, OSHA has exempt-
ed from the permenent benzene stan-
dard the storage, transportation, dis-
tribution. dispensing, sale or use a5 8
fuel of all furels {including gasoline, jet
fuel, and dlesel fuel) subsequent to
their discharge from bulk terminals.

CLOSED SYsTEMS

Borne particlpants requested exemp-
tion from the standard for workplaces
where benzene is present solely In
closed 3ystems. The record evidence,
however, indlcates that closed systems
frequently develop leaks, and that it is
the amount of the solvent exposed Lo
alr (Tr, 3111-3) which, among other
veriables, is a major determinant In
the degree of exposure. Accordingly,
OSHA hus retained coverage of closed
systems In the final benzene standard.
However, in the sbsence of Jeaks, ex-
posures {rom closed systems should be
below the action level and the impact
of the standard in such operatlons
ghould be minimal.

9.

LABORATORIES

Bt} another segment of lndustry re-
quested an exemption from the ben-
rene standard. Many comments re-
quested that research facilities in both
industrial and academlic laboratories
be exempted from the benzene stan-
dard {Comn. Nos. 14, 20, 57, 62, L.C. 11,
L.C. 13) particularly where the permis-

sible exposure lUmit is not exceeded .

(Com. b8, B3). Bome comments sug-
gested that separate requirements be
developed for lsboratory use ol ben-
zene (L.C. 12, LLC. 13). These reguire-
ments could Incinde mandatory use of
hoods (L.C. 8, Com. 21) of & specified
velocity (1.C. 8, Com. 18) and periodic
medical surveillance (Com. 1B, 28, 28,
64, 70); annueal Inspection in Heu of
monitoring (Com. 28); written safety
rules (Com. 18) and contalner lebeling
{Com. 39) were also suggested. In the
alternative, It wes suggested, OSHA
should _promulgate-—separate regula-
tions for all chemicals used in labora-

_tories (L.C. 12,'L.C. 13), since laborato-

ries use & variety of chemicals, and
compilance with separate regulations
for each chemical, it was argued,
would be burdensome (Com. 58).

The reguests for exemption f{rom
the benzene standard or for special
treatment of laboratories were largely
based on the view that there exists a
lesser, or slight, risk of exposure to
benzene for Inboratory techniclans. In
support -of 'this contentlon, laborato-
ries pointed to the manner in which
they use benzene. Laboratorles, it was
stated, generslly use small guantlities
of benzene at & time (Com. 10, 28, 38),
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One laboratory reported that ‘some-
times a sample ix dissolved in only one
ml of banzene (1.C. 2). That laborato-
ry estimated that an individual labora-
tory technician, who nnalyzed 25 sam-
ples per day, 7 days a week, would use
less than four gallons of benzene &
year (L.C. 2). When not in use, ben-
zene is astored in closed containers
(L.C. 1).

The argument that laboratory tech-
niclans are trained in the hazards of
chemicals was also meade to support
the view of lesser risk. One laboratory
reported that it eonducted blood tests
every four months for twenty years of
its techniclans, and found no problem
(Com. 4). Another reported that In
thirty-five years, none of lts employees
developed leukemia even though expo-
sures in the laboratory were between 1
and 20 ppm (Com. 31). S

Another reason sdvanced jor exem
tion or separate treatment of laborsto-
ries was the burden and cost of imple-

menting exposure monltoring, engl--

neering controls and medical Burvell-
lance (Com. 4, B, 10). One Industry
eomment argued that responsible re-
search and guality control laboratories
normally provide and encourage

. annual physical examinations that in-

clude the essentials of "the proposed
edical surveillance prograni (Com.

8).

OSHA has determined that npplyin:_r
the provisions of this benzene stan-
dard to laboratories i5 consistent with
OSHA's responsibflity to protect the
heslth and safety of workers. The
record Indicates that exposure levels
in laboratories vary greatly., While
monitoring samples of one laboratory

laboratories. OSHA Is not currently"'

developing a laboratory standzard, and
the result of exemption of laboratory
workers from the benzene standard
would, consequently, deprive them-of
the necessary protection against the
hazards of benzene exposure for some
time to come. FPurthermore, the provi-

MY

slons of the standard relating to meth- =

ods of complinnce are performance ori-
ented and, therefore, will encompass
the suggested special requirements for
lsboratories. For example, the require-
ment that the employer institute engl-
neerlng controls and work practices
conld be met by laborstories In many
Instances through thé use of properly

designed hoods. Also, the ineclusion of -

an action level will minimize the moni-
toring and medical surveillance re-

gulrements in laboratorles where em- - 5

ployee exposure meessurements indeed
are low.

Although OSHA hes not. lncluded
special provisions just for laboratories,

the provisions of the standard accom- _' 2

modate several of the suggestions of 3
the particlpants, as noted above, -

Those Ilaboraiory operztions . where: ;
benzene exposure levels are at or A

below the action level will need to be
monitored only Initially, and medical
surveillance of employees engaged in .
those operations will not be required.

When benzene is sealed in containers, gt

the laboratory employer will be re-
quired only to traln his employees In
the hazards of exposure to benzene,
and sssure that the contalner is prop-

erly labelled, and provide pro\‘.ectlve .

clothing where necessary. .=

4..' .

PO

Cosx OVEN BATIZRIES - -«

indicated levels of only .01 ppm (Com_“"steel Industyy participants requested

2B), otbers Indicated levels as high as
20 ppm (Com. 31; Ex. 38-3). Further-
more, 1t appears that protective mea-
sures vary from lab to lab (Tr. 3157).
One chemist, who worked frequently
end for severel] hours a day with ben-
zene during his slx years in a research
1ab that he described as “one of the
most prestiglous research institutlons
in the country,” testifled that employ-
ee exposures were not measured,
hoods were not used, and there wes no
medical survelllance program (TR
3482-8)., Moreover, there does not
appear to be any flrm basls to believe
ihet training alone in handling of
chemicals sdequately protects all labo-

ratory employees from the hazards of |

exposure to benzene, '

belleves that laboratory employees are
exposed to the lenkemogenle hazards

of benrene snd, therefore, must be
covered by this standard, OSHA does
not subscribz to the view that labora-
torles -shoild ‘be -exempted from the
benzene standard and that protection
for employees exposed to benzene
should awalt promulgation of separate
regwlations for all chemiecals vsed In
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an exemption from the berzene stan-
dard for coke oven workplaces which
are covered by the coke oven emissions
standard. Although coke ©OVen emis-
slons at coke oven batteries are regu-
lated by §1810.1029, it is OSHA's vlew
that there Is a need to apply to these
workplaces the requiremerts of the
benzene standard, as well. The coke

oven standard regilates tlae benzene
* soluble fraction of total particulate
matter present durlng the carboniza-’

tion of coaldor the production of coke

to protect workers from the risk of de- ™
veloplng cancer of the Jung and uri-
nary tract. The coke over standard,

however, was not deslgned to protdct
coke oven employees from the hazards
to the hematapoletle system which

can result from exposure to benzene.”
Based on the above evidence, OSHA\ Benzene exposure can occur from °

leaks In the ovens or in the collection 2
system or from residusl vayoors left In X

the ovens when they are opened and
the hot coke is pushed oul (little

study, B-21), Accordingly, 1n order to*
protect workers from the Tzematopole-.

tic hazards presented by exposure to

benzene, OSHA has conclucded that In-

clusion of all epke oven workplaces In

the benzene standard is necessary. 1

DBZ00181.22



The covernge ol coke oven work-
places by both the benzene and the
cobe oven emissions standsrd does not

the engineering controls required by
» the coke oven emissions standard will,
£ in all Hiellhood, reduce exposures to
benzene below the action level In
such & caze, the benzene standard will
3 impoase bh coke oven workers only the
burden of conducting initial measure-
A
13
2
!
J

swrement, and the training of employ-
ees in the hazards of benzene, .. °r -

Brren CONTAINERS ., . ,

The final standard applles only

the labeling reguirements and the
training requirements to the storage,
transportation, distribution and sale of
saled. Intact coptainers. This Is 2
change from the proposed standard,
and the emergency temporary stan-
dard which would have applied all the
requirements of the benzene standard
although benzene were “present”
solely In »sealed contaimers. Tha
change In the final standard was made
in responee i¢ comments to the effect
that clnsed containers of benzene pose
no threat of exposure to employees
{Com. 10). Participants in the rule-
making pointed out that coverage of
closed containers would resull In em-
ployery being required to monitor ex-
posure and make medical survelllance”
available to employees, such as marl-
time employees occasiopally handling
small quantities of benzene In break-
bulk form (Le., drums or packsges)
{Com. 35), employees of receiving
docka and warehouses, and employess

-

- iovolved In inter- departmental trans-

fers of the containers (Com. 28). Addl-
9 tionally, suchh coverage would also
L apply the requirements of the benzene
E standard to employees of retall stores

that sell products contalning benzene.

Most partleipants requested exemp-
tion of closed containers (Com. 10, 28,
35) without distinguishing between
closed and sealed containers. A state
agency comment, however, suggested
that only “sealed” contalners be
exempted (Com. B7). OSHA concurs in
1% the view that properly closed contain-

2 ers donot present a health hazard to

A

of the monltoring and medical survell-
-* lance requirements. OSHA, however, is
concerned that contalners may, after
being opened, be closed in such & fash-
# lon as to expose, employees to B
% hazard. For this resson, OSHA hsas
. adopted the suggestion that the ex-

emption epply only to sealed contain-
- ers, Intending by the use of that term
: lo exempt only contalners of benzene
which are closed in such 8 manner as
- .o contain the -benzene.vapors. Howev-
er, since sealed contalners may, during
bandling, develop leaks (Tr. 3051-2)

and thus expose employees to the haz-
erds of benzene, the exemption {5 fur-.

L
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creste s conflict. OSHA beleves that’

ment, reiaining a record of that mea-.

' —emnployees which warrants appjicatien .
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ther lmited
Therefore, where the breskage of the
container occurs, employers will be re-
quired to monitor and Lo cornply with
any other applicable provislons of the
standard. To assure that all employees
ere aware of the hazardous nature of
the contents of ihe containers they
are handling and because at some
polnt in downstream occupstional ac-
tivitles the contalners will be opened,
the standard applies the tralning and
the labeling requirements to sealed
containers. Finally, it should be noted
that the regulation of sealed contain-
ers in this standard is consistent with
that in other carscinogen standards;
£} 1910.1003-1910.1018 exemnpt sealed
contalners from their requirements,
except for labeling and trensshipment.

Definiiiony paragraph (), The stan-
dard contalns some appropriste definl--
tions. The purpose of providing defini-
tlons for key terms s to clarily the
Intent of those terms as used In the
substantlve provisions of the standard.
All of the definitions of the proposal
have been retained ln the final atan-
dard. - . .. '

A new definition has been added to
those contained in the proposed atan-
dard. This is the definition of “Action
level.” Action level i= defined as a con-
centration of benzene of 0.6 ppm over
en 8 hour workday. Indusiry particl-

- pants recommended that monitoring

be conducted only where exposure ex-
ceeds the permissible exposure limits
(PC 36, A1SI brief, p. 74). OSHA does
not agree. It Is generally acknowledged
that worker erxposure to =alrborme
emissions can vary from day to day In
a random fashion. This variatlon in
levels is unavoldable; it {5 only mini-
mally connected to the precision anad
sccuracy of the method of measure-
ment and does not include variations-
due to wind, temperature and other
environmental factors.

Therefore, even though individual
measurements of exposure levels may
fall below the permlissible limit, some
possibility exists that on unmessured
days the employee's exposure may
exceed the permissible limlt, Thus, the
concept of an action level provides,
statistically; s mesns by which the em-
ployer may assure himseif ihat s em-
ployees will not be exposed to benzene
over the pcermissible exposure level
(PC No. l4g, p. 5). In view of these
conefderations and in order to provide
a greater degree of employee protec-
tion, OSHA hes incorporated in the
permanent benzene standard sn action-
level of 0.5 ppm.

For those employees whose exposure
leve] is determined by initial monitor-
ing to be below 0.5 ppm, the employer
need not :do.any further monitoring
unless a redetermination of exposure
is necessiteted because of B process,
control or personnel change. For these
employees, moreover, the employer 15,
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not required to provide medical sur-
vellance. The employer, however,

. must trein these employees, label his

benzene products, provide protective
clothing where necessary, and retain a
record of the, inltial determination
and, if any, record of the redetermina-
tion measurement, .

Employees whose exposure measure-

ments are above 0.5 ppm, but below 1
ppm must be monitored guarterly and
provided with medicel surveillance,
Where exposures are above the action
level but below the permissible expo-
sure ldmit the requirements for regu-
lated areas, methods of compliance
and resplratory protection do not
apply but the employer must comply
with all other requirements of Lhe
standard. .
" Those employees whoSe Imessure-
ments are above 1 ppm must be monl-
tored monthly. All the provisions of
the standard, moreover, epply where
employees are exposed above the-per-
missible exposure Hmits, -

OBHA has, as suggested by some
participants (Com. 46), clarified the
‘definition of benzene to include solids
which contaln benzene. Some com-
ments suggested that benzene be de-
fined s commercial or high grade ben-
zene (Com. 4B, 58, 78). OSH.A has not
adopted thiz suggestion - because of
record evidence to the effect that low
concentrations of benzene do nol nec-
essarily result in low exposures. Other
comments suggested that a definition
of benzene exposure be iIncluded (Com.
38, 67, £9). The thrust of LIhese sugges-
tions was to lmit the spplication of
the proposal's monitorine require-
menis which spplled to workplaces
“where benzene is present™ and the
proposal's medical surveillance re-
quirements which applied to "all em-
ployees who are or will be exposed to
benzene.” For the remsons stated
below In the appropriate parts of thls
preamble relating to these require-
ments, OSHA has not adopted this
suggestion

A new definition of emergencies was
added.to the standard to clarify the
type of sltustion requiring the use ol a
respirator. The definition of emergen-
cles—also clarifies the situations in
which employees ghall HBe Dprovided
with a biological screen.

PERMISSIBLE ATRBORNE FESXFOSURE
LEVEL. ParAcRATE (€)C1)

Based upon & thorough review and
evaluation of evidence in the record,
OSHA has, a5 stated abowve, concluded
that benzene:

(1) Is 8 human leukemogen;

(2) Cruses bone marrow depression
resultlng in slterations im ®eriphersl
blood; and . . .

(3) Causes chromosom=al damsage in
blood cells.

These conclusions aré based on stud-
les Tenging {rom single case Teports to

10, 1973
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retrospective mortsllty studies and
also experimental evidence. These
studies represent the best avalable
evidence upon which OSHA must
make a decision. This decision Is not

- predicated on any particular study,

but I5 based on an assessment of the
entire set of evidence taken ns a
whole,

OSHA recognlzes that only recently
has there been a well-designed study
which may indicate & leukemogenic re-
sponse among benzene-exposed ani-
mals. (Nelson, Ex. 178) In any event,
the best evidence to date Is that bazed
on direct human experlence. Based
upon such’ evidence, OSHA conecludes
that benzene I3 and must be regulated
as an occupational carcinogen.

Comiment and testtmony from Indus.
try for the most pert, does not dlspute
the leukemogenic potential of benzene
(e.g. Eckhardt, Ex. 115.B. 1, pg. 3; Ta-
bershaw Tr. 2545). However, Industry
argues thet this relstionship is valid
only st high exposure levels. In Bup-
port of this view, ithey cite as evidence
that: (2) the documented cases of ben.
zene-Induced leukemla were among
employees who were, most Dbrobably,
exposed to high concentrstlons, and
(b) that several studies of undefined
numbers of workers who may have
been exposed to low levels of benzene
did not demonstrate 2 leukemla excess
{The benzene. studies sre descrbed
under Health Effects: Leukemlin). In.
dustry also believes that observable
blood disorders precede the develop-
ment of benzene-leukemia and that
such hematological sbnormelties are
reversible (ORC, PC 34, p. 2;.Taber.
shaw Tr. 2543 Jandl PC 268, Alied
P.C. 22, p. 7). They conclude that the
present exposure lmits of 10 pPpm
TWA and 25 ppm celling sre suffi-
cienlly protective to guard against the
development of non-mslignant blood
disorders and, consequently, that

. Hmiting exposure to such levels will

also protect against leukemin. (ORC,
PC 34; Jandl, PC 26B; ‘Tabershaw, TT,
2548.)

The issue of the levels at which
cancer Is induced by chemical agents
and whether or not there Is & “thresh.
-0ld” has been a major-issue-inevery
OSHA rulemaking concerning the reg-
ulation of occupational carcinogens
(See preambles to Carclnogen stan.
dard (39 FR 3758); Vinyl Chloride (39
IR 35892); Coke Oven emisslons (4]
FR 46742). The benzene hearing wag
©o exceptlon. As in the case of arsenic,
the lack of an unequivocal anima]
model (Krayblll, Tr. 758) requires that
the Becretary's declslon rely primarily
on data obtalned from human evi-
dence. However, the epldemiologic
method is by its very nature, 2 retro.
‘spective view of the evidence, Le. find.
Ings of a recent excess of maortality
Bmong workers may relate to Initia}
exposures occurring as much as 20
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years or more previously and which
most certsinly correlate to exposures
at higher concentrations than present
levels. Because of these variables, it is
extremely difficult to derlve definite
conclusions s to the guantitative
health risk to the workers at expo-
sures near 1 ppm. Studles which
report negatlve findings, such as those
studies conducted by Stallones, Taber-
shaw-Cooper and Thorpe suffer from
the disadvantage of not belng able to
clearly define an exposed cohort, Le,
the indentiflcation of a group of work-
ers actually exposed to benzene and to
what levels they were, In fact, ex-
posed. (Stallones, Ex. 115.C; Taber-
shaw-Cooper, Ex, 1404A: Thorpe, Ex. 2~
34). OSHA recognizes that it is ex-
tremely difficult to reconstruct and
define employee exposures retrospec-
tively. Therefore, given the uncertaln-
ty of the definition of exposure and
the potential for dilution of mortality
excess among those actually exposed
to benzene and other methodological
deficlencles, OSHA Is reluctant to
Dlace substantial reliance upon these
negetive reports. Thus, there I8 ttie
definitlve Information awvailable per-
talning to the leukemogenie risk of an
adequate size cohort of workers ex-
posed to benzene less than 10 ppm and
who have been followed for an ade-
quzate amount of time. Furthermore, it
Is OSHA's vlew followlng n careful
review of the record that, at the pre-
sent time, it 1s Impossible to derive any
conclusions regarding dose-response
relationships for benzene {(CGoldsteln;
Ex. 75, p. 2 NRC, Ex. 24 p. 11) beyond
the generel -observation that higher
-exposure levels carry  a--greater risk
than do lower exposure levels. What Iz
apparent however, Is that & decrease
in exposure level and/or duration will
resuli-in a decregsed risk of leukemia,
OSHA 38lso rechgnizes that, in some
published cases with adequate docu.
mentation, leukemia attributahle to
benzene exposure developed after ob-
servable changes in the peripheral
blood, Le., various cytopenias, pancyto-
penla and/or splastic anemin. (Gold-
steln, Ex. 438, p. 188.) However, meny
cases of benzene-lnduced leukemiss
were recognized-as-such only after a
patlent with overt physical symptoms
presented himself to a physleian. Simi.
larly, Snyder stated that, in the cases
o! pancytopenia and aplastle anemin,
individuals “exposed to benzene usual-
ly do not approach thelr physicians
untll lete stages In the disepse” (Ex.
156.2, p. 2,) As a result, the hematolo-
gleal pleture before the onset of dis-
ease Is often not known. Moreover, be-
cause of the well-known reserve prolif-
erative capacity of the bone marrow [t
Is possible.that Marrow ‘damage may
occur without belng refiected 'in the
peripheral blood, {Goldstein, Bx. 43.8,
p. 175; Wintrobe, Ex. 2-107, p. 676.)
Olson acknowledged that alterations
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in bone marrow activity can oceur de-
5plie & normal blood count (TR. 2804).
Moreover, Goldsteln noted that some

Individuals may have significantly de. 3 .

pressed blood values, and yet remain
within normal ranges. For this reason,
& pancytopenlc response to hemato-
toxic agents mey go unrecognized.
Therefore. OSHA believes that the scl-
entlfic evidence Is msufficlent for

adoption of the hypothesis that a pre-
cedlng prodromal blood syndrome is o . &

necessary prereguisite for the develop-
ment of benzene leukemia. Tn this
regard, Goldstein in his testimony esn-
tloned that benzene may act as a
direct-Initintor ©f & neoplastic re.
sponse. . .

OSHA 15 also awsre that In many in-
slances, nop-mallgnant blood disorders
resuliing from chronic exposure to
benzene may be reversed by remova]
from benzene exposure. However, the
apparent high degree of reversibility,
a5 gel forth In Jandl's review, is open
to guestion ms pointed out In the
Health Effects sectlon. | .

Furthermore, a most characteristic
finding which pervades the published
Merature, is that physiologle factors
which cannot be Identified a priord,
fuch as nutritional state, genetic con-
stitution, varletions in metabolism of
benzene and exposure (both occupa-
tlonal .and non-occupatlonal). to other
mAITOW depressants, and the variahles
of agr: and sex may act to modify the
individual’s response. (Browning, Ex .
81, vp. 26 {f; Bhaw, Tr. 421; Snyder, .
Ex, 156, p. 2.) For example, Browning
stated, “* * * [tIhere Is no doubt that
both men and women differ markedly

of exposure.” (Ex. 31,.p. 2.) ‘XTherefore,
unqualified Identification of high-risk
subgroups cannot be made at present.
Because of these uncertainties, this
standard s designed to protect- the
most sensitive as well as the more re-
sistant members of benzene-exposed
worker populations by lImiting [2>.9e]+ 0
sure to the maximum extent feasible.
It 13, therefore, clear from an examl-
nation of the record that a determing.’
tion of a precise level of benzene expo-
sure which-presents no hazard cannot
be made and that the corollary ques-
tlon of whether a “safe” level of expo-
sure to benzene exicts cannot be An-
swered. The agency 1s aware of snd
has examined sclentille oplnion mnd
data submltted by Industry that
thresholds for careinogens may exist.
However, prudent public health policy
requlres a conservetive couwrse of

action until such evidence 13 of a de- .

{Initlve nature, s

"In {ts conclusionary document the
International  ‘Workshop also . stated:
“[tdhe’ workshop discussed buat could
not agree on whether there was a con-
ceniration below which there would be
no Jeukemogenle effect clearlsy attrib-
utable to benzene” (Ex. 17, p. 73. Kray-

10, 1972
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g5 not enough data at the lower part of
the dose-effect curve, he was unabile to

1939, In presenting data on the effecta
of chronls benzene exposure including
leukemia, Hunter stated: “It 1s doubt-
ful whether any concentratlon of ben-
zene greater than zero iy safe over a
long perlod of time.” (Ex. 2-74, p. 354.)
In 1874, the MAX.Werte Working
. Group stated, * * * {OIn the proven
carcinogenic (leukaemogenic) effects
‘of benzene and the Iack of guantita-
tive mersuring data In the low concen-
tration ranges, it is not possible &t this
time to esteblish an MAC (maximum
alloweble concentration) which might
be regarded to be without danger.”
(Bx. 2-58, p. 52.) : " :

Coldwater testified that zero i5 the
level at which there is no risk of get-
ting cancer from henzene (Goldwater
Tr. 2500), . . -

Goldsteln stated;- “As we do not
know what the safe level Is, the stan.
dard would appear to me to be based,
must be based on prudent medical ap-
proach,; which is to keep it nt the
lowest feasible level™ (Tr. 352).

Aksoy stated; "[Flor me, the permis-
- sBible exposure limit. for benzene

impossible to achleve thls, the permis-
slble exposure lUmit should be lowest
possible” (Ir. 149). In OSHA's view,
the demonstration of caneer induction
in humans at a partieular level is not
in the regulstory context, a prerequi-
site to a determination that a sub-
stance represents s cancer hazard for
humans at that level., Relylng upon a
substantial body of sclentifle opInion,
OSHA has concluded that, when deal-
ing with a carcinogen, no sale level
exists for sny glven populstion. For
example, the Natlonal Cancer Insti-
tute's Ad Hoc committee on the Evalu-
etion of Low Levels of Environmental
Carclnogens (1870) states, _ .

should be considered toxicologically insig-
pificant for man. For carclnogenic agents, &
“sofe level for man cannol be established by
application of our present knowledge,” (Ex.
. 272,p. 1)), . .

. Thus, OSHA takes the position that
%y~ -In promulgating s health standard for
B life threatening hazard such ns ben-
zene-induced leukemis, the exposure
lmits be established on & conservative
basis 50 that worker health Is properly
safeguarded. -

From the polnt of view of choosing a
safe level of exposure, therefore, the
. permlissible exposure llmit should be
2.~ set at zero. However, based on the evi-

ment that a zero standard for expo-
sure to benzene is not technologically
- - feasible.In fact,'it-Is clear that certain
i quantitles of benzene are present In
the ambient environment as a result
_of natursl phenomena and as artifacts

- bl testified that because there was

estimate a “safe” level, As early ma-

1

should be zero. Where [t is technically-

no Jevel exposure Lo x chelmjcal carcinogen .

dexce in the record, it s OSHA’s judg- .
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of human activity, While a permissible
exposurs lmlit equal to zero plus back-
ground would represent the lowest
level theoretlcally possible, OSHA be-
lizves that the record shows such an
approach Is not feasible. Bven if such
a number could be determined, achiev-
ing a atandard of zero plus background
would require thet exposure to ben-
rene be effectively zero so as not to in-
crease employee exposure above back-
ground levels, There has been no eyi-
dence presented that convinces OSHA
that'such a complete ellmination of
benzene In all industries can be
achleved by existing or future technoi-
©0gy. In determining the apropriate
permissible level of employee exposure
to benzene, OSHA reles in part on the
record of this proceeding and In part
on policy considerations which lead
the Agency to conclude that, In deal-
Ing with & carclnogen or other toxic
substance for which no safe level of
exposure has been demonstrated, the
permissible exposure limit must be set,
at the lowest level feasible. Such a de-
termination Involves & measure of sub-
Jective jJudgment which OSHA belleves
is justified by the nature of the hazard
being dealt with, and the intent of the
Act. Section 8(b)5 provides that the
standards for toxie substances shall be
fenasibla. That section specifically pro-
vides that: . .

In addition’to the attalnment of the high-
est degree of henalth and mafety protection
Ior the employee, other considerations shall
be the latest avnilable sclentific data In the
field, the feaxzibllity of the stzndards, and
experience galned under this and other
health and zafety laws, - J

OSHA hes determined that 1 ppm
TWA, § ppm celing limit for 15 min-
utes is the level which most adequate-.
ly mssures, to the extent feasible, the
protection of workers exposed to ben-
zene. In meaking this determination,
the Agency recognizes that many in.
dustries affected by this standard have
alrendy achleved this permissible ex-
posure limit, In » gpood many of thelr
operations. As shown below for work.
sites currently sbove these values, cur-
rently avallable engineering controls
and/or modifications of work practices
can effectively reduce employee expo-.
sure tn below the ! ppm TWA, 5 ppm
celling. This mlght suggest that the
lower permissible exposure lmits
could be establlshed, if not for all, &t
least for some of the industries coy-
ered by the benzene standard OSHA
has considered the appropriateness of
establishing lower permissible limits
for those Industry sectors which .can
achelve these lower llmits. It is, how-
ever, difficult on the beasis of the avail-
able evidence to make this determina.
.. ton. The berzene standard applles to
“8 ‘mtiltlpleity of Industries and expo-

sures occur {rom such verying sources

B8 Jeaks in closed systems to batch op-

eratlons using solvents, Identification
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of some operations with lower expo-
sure levels ix possible in some indus-
tries, but even for these industries ex-
posure Informztion 1s not avallghle {or
all operations. Moareover, even where
Information has been furmilshed by
particular employers ax to exposure
levels for operations in thelr plants, 1t
i3 not possible with any degree of con-
fidence to apply this informstion to
operations of another facllity in the
same Industry. There 15 B great, deal of
variabfiity In the configuration of
plants, and the physical locetion of op-
eratlons within a plant varies from ia-
clilty to Incility. Finally, it Is OSHA's
view that different levels for different
Industries would resnlt in serious ad-
ministrative difficulties. Because of
these widespread differences and di-
versity, OSHA hss decided to apply Lo
all affected Industrles a permissihle
exposure Umit of 1 ppm. Severs) in-
dustrial situatlons have been exam-
Ined in making this determination and
are discussed below,

Ofll and gas production work is con-
ducted in ontdoor open mir environ-
ments with relatively Jow-benzene con-
tent (Tr. 1463) streams maintalned In
closed systems. (Tr. 1463). Employee
exposures In producing operations are
Intermittent and extremely low (PC
33API Brief p. 141; Ex. 116). Evidence
in the record indicates employee expo-
sures ranging between 0 ppm and 2
ppm, with over 80% of the mensure-
ments below 0.26 ppm. (Tr. 1487, Ex.
116, Ex. 115.A.4, p. 8). Since the pro-
duction of crude ofl .and natural gas
occurs in completely enclosed systems,
the only employee exposures result
Irom lesking valves (P.C. No. 30) and,
28 already indicated, these exposures
2re minimal, Visual inspections cen
detect these malfunctlons and correc-
tlon can be accomplished largely
through replacement of seals. Engi-
neering controls in the form of
"double sealed” or *“canned” pumps
could also be Instituted to mwvoid the
leaks. . - .

Pipellne transportation of crude oil
and refined products Is prirmarily a
closed system operatlon (T'r. 1460). Po-
tential employee exposure rmAay occur
where the products are transferred by

or rail (Tr. 1471.) Other oper-
ations iovolving employee exposure
are gauging, and sampling operations,
all of which are of relatively short du- _
ratlon with minimal employee expo-
sures (Tr. 1472). Measurements teken
by indusiry Indicate that most such
exposures on an 8 hour TWA basis are
below 0.5 ppm. (Ex. 115, A.1.) "The only
srea in which exposures were shown
to exceed the permissible exposure
limit was in the additive hanndling op-
erations.in which benzene :was being

.utlized sy a diluent, Since benzene

was not necessary to the process, it
w29 being eliminaled from that oper-
ation (Tr. 1473), .
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and other pources of leaks, which can

Ine, crude OlL mnd other Tellned prod- result In significant €Xposures (A, D,
Ucts from m e vessels results In  Little, Vol I1-m11),

limiteq eXpasure tg shoreside person- Contro] af emlssions can be aceom.
nzl ranging between 0.03 Pbm. to 0,83 Plshed by such activities agy removaj}
Phm. with an § hour TWA of .2 PPIM.  and peinst B equlpment guch ax
(Tr. 2271.) The shoreside Dersonnel's Pumps, Compressors, 1

barge aAccounts for the majority of the

total benzene

orte
BEX. 5A, 4.24, 4.42) The connecting and
ting

volved in them, Th

4.27.

time, questions concerning fire ang €X>  which is currenty reducing tmployee
Ploslon risk, ang potentia} structura) eXposures (See ADT, 4—-41) wel) below. b
damage to barges have, not ay yet, the Deérmissihle €Xposure lmit, The

been adeguately resolved,
The EXPosures measured o
unloading of

nals are low, Sexton, an

floating roof tops,

Data presented by Wiliams Plpellne
2150 showed EXposure levels, for the

ading and lording of marine
Vessels, (A.D, Litte Vol 1, May 1577 p.
)

aring the
EBsoline af byl termi.

3 € use of automatje
BRuUging deviees, closed loop sampling
VADOr recovery units, Tloating
roof Installationg and ruptyre Qisca
has been Buggested (Ex. 54, 4-53),

are already
le exposure Hmit,
(Ex. 111-4, PP. 4-7.) At only four of
twelve plants* surveyed, eXposures
were ebove ] Ppm. (AD], May 1977 .

limit mnggests
can be rehabilitated existing

ology to achieve levels within 1
ppm' K -

The record Indieated that EXposures
to benzena VATY betwaen p.1 Dbm and
20 ppm. (Com, 28, 31). The dirs

ty¥de of contro] gelecteq will
“dent upon
(ADL, May 1977 Pp. £-40 and 4-41.)

be depep-

industry The two Segments of the stee] Indus-

try wherein benzene EXposure occurg
&re the coke oven battery and the
Hght of1 distilintion Pplants, Exposures
at the coke oven batteries range be-
tween 0.02 Ppm and 0.31 Ppm. (Ex, 135
P. 4 and Attachment 2). It 15 thug ap-
barent that the stee]
plUance with the Coke
Standard wiy miaintain beny,
Eures well below the actipp level,

distllation plants, equip-

most part, below g 5 ppm. on an 8 hr, certaln sltuations it will not be Teasihlp

A basis. 1 t, therefore iDDears that reduce EXposures through engineer.
one or a combination of these avajl. Ing controls, It aAppears, however, that
able engineering controls be suff. those situations are Umlied , to the

below the Permissible EXposure limit,
of the benzene 38
from betroleum
catalytic re.

Torming, “Tecovery from- Pyrolysts of

Approximately B9,
produced ig derived
through the process of

gasoline and hydma.]kylauon
luene, Many of th

Produce benzene Involve

€ Processes usedq to

completely
enclosed unity such as reactors. How.
ever, thege Processes do contaln vents

older "ooke driven by-products plantg*

the indlvidna) laboratory, - Uxe th,

Unlversally used, do exist (Ex. BA, 4-
30 : v

riety of Industrieg when solventg con-
B small quantitieg of benzene gre

the record Indicates that, with the ex-

minim
s May 1977 ADL p, +-27,
032), EA e
Based on the Trecord of the benzene

.EIDDSHI'ES,

Dermal ang Eve Erposure Limits-
Thzﬂm.l sta.ndardm,
€ eme; 2, N m. -5 d
dard ang the rgmn;gsed Etanpo?x?d, pro-
hibits ail eye contact angd skin contact
with lquid benzene, Thig requirement
is baseqd on OSHA's policy that, In
dealing with a carcinogen, ayj Potential
Toutes of exposyure (Le. Inhalation, tn.
Bestion, ang skin absorption) be 1imit.
.ed to the extent feasibla,

the record

Parugrapp (eX2).

evidence doeg

1ot conclusively establish-what the ef.
f

taot with benzene are on
the eyes or the skin, Participants gen-

benzene pn the
eyes WS presentad -during the nle.
making'brot:e'edlnz. The few stidies of
skin effects on animaly gpg h

2-47, 248, TR 2459-90) mre

TN FY /™ oo -

Benzene eiposure MRy oceur {n a va-

ook r g ney

.'_..-.-..._.._.u-c—vr-v-mm
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a2

-
.

5
}E'
-‘k- .

akin (TR 2
sxin absorption
by NIOSH mnd
witnexx. NIOSHS

althourh the
any particular pxposure Is unknowi.
NIOSH howevr. brlieves that In in-
stances of an
benzene s conlained in ® mixture 2
~considersble amount”
sorbed (TR-880).
stated that hehad no personzal view a3
o whether benzené
through Lbe

vent (TR.
pointed out that he did
effect of multiple applications of ben-
yene on the

conducted o
witness
liguld benzent
most protective layer of the skin (TR
2470) and that,

tact with benzene.
conclusion
the thresheld limit yalue for benzenc,
sdopted by the ACQTIH for 1876, and
the ntended change of that TLV, bear
x

stance. Vehicles can

tion. “This attention-caling designa-

tion s intended to suggest appropriate

measures {or the prevention of cutan-

eons absorption so0 that
- 1imit is not Invalldated” {TLVs for
- chemical
v’\mmnenl—vmh—lnbended Chsnges Ior
1978, p. ) OSHEA 1urtber it
maximum allowable
benzene in other countries also caxTy &
»gkin™* notation.

. suggested that
> »liguid pentene” to make clear

“adopted

L» of absorplion through dmmsged
468-710). Testimony BS 1o
of benzene was given
by an industry expert
view s that benzene
readily absorbed through the skin

extent of absorption in

inflamed skKin OT when

¢can be Bb-
Industry’s witness

absorbed

skxin (TR- 2489) noOT

2411-2). The witness als0

not xnow the

troken sxin (TR 2471). He
nal studles be
resolve these lssues.

pevertheless testified that
can damsge the outer-

although there is no
arll

veritylng  dst2, i 4 oraim ¥y &S5
sumed that penetration of any mole:

cule will be greater through damaged
=1n that vndamaged

skin”

to sssure thab employees
sl

are adeqguntely protected 2
penzene haards,

eye and dermal con-
In reaching bthia
OSEA has taken pote that

wgxin~® notatlon which refers "“to the
contribution to the overall
by the cutaneous route in-

the threshold
substance Workroom ED-
notes that
concentrations of

0OSHA haes reviewed the various sug-

quirements of the provision on eye

and dermal 1imits. Some parﬂclpmts
the provision applyhto

al
the limitation did not apply to eye and
xkin exposure Lo benzene VAPOTS {For
example, BCE Com. 53). OSHA has
thls -suggestion since it ‘was
never intended that the provision
apply lo other then liguid benzene.
Some comments_sugzesbed thet the

FEDERAL

‘ of{ A comme

. the

gains
1t s OSHA'S bellef -
that it is appropriate to provide pre-

limitation ap '

i} 1jquid benzene
i nigher {Com.
\ly clude zolvents

a8; Com. T6)

witn trace amdpnts oi\penzene
59). There 2
ruggest that

pends an the ;

sent in the liquid 4712, 2482).

e oulated Arear paragroph (). The

final standard contains
{or regulated areas,

employees As possible. The

requirements
The purpose of -
aress is to Hmit
at above 1 ppm to as few
purden of

the regulated ares progéson on the em-

ployer is ex

provisions
merely to identify
to regulated areas

since

require the employer
and control access
and to notify the

applicable OSHA area offlce of thelr

existence and condition.

The standaTd reguires that regulat-
ed aress be eatablished where airborne

exposure limit and that xccess

are above the permissibl
thereto

e

be limited to authorized persbns. Reg-

sure Hmit s exceeded.
portetion wa2 not spectiically
the proposed regulated
graph, the reguiated

ments of the permanent

parn.graph js, therelore,
the scope of the stan

ty of scope has the
the loading

‘ulated areas must be establisned at all

area Dpars-
prea requlre-
gtandard
to the transportation of ben-

result that, while
of gesoline at the bulk ter-

-minsls mey require the deslgnation of
a regulated Ares, the transportation of
the gasoline from the-terminals does

pot, in ps much as that

transportation

activity is exempted from the gtan-

. dard

* Bome

participants misunderstood

the regulated areg requirement in the
proposal and thought that regulated
aress must be eatablished even where
exposures are pelow the permissible

exposure
dard, DOWEVET,

Jmits. ¢Tr. 3136.) The stan-
requires establisbment

of regilated Areas only where €Xpo-

sures are above
time welghted
aged over & 16 minute perlod

Some participants

1 ppm &s an

8 hour

ayerage or 5§ ppm BVEr-

recommended

that regulated area requirements not -

apply to 1aboretories (EX.
or to coke oven batterles

&, No. 81,70)
(Ex. 135; p. 2
brief, p. 170 It is OSHA's

view thit existence ol 2 hezerd, rather
than the type of operation, should be
the basls for establishment of regulat-

ed eress. Therefore,

If the exposures

in lahorstories or coke oven batteries
were to exceed the permissible expo-
sure limite, regulated 8ress would have
to bBé established st those tacilities.

Moreover, OSHA feels
purden is minimsal compared
.protection at{orded employees.
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The standard requires that the
OSHA area office be potified within 30
days following the establishment of &
regulated ares. Fach employer must
notify OSHA of the existence of any
within his establish-

arens are requ.h‘ed.to be established
only whbere exposures to benzene
exceed the permissible exposure level,

. emmployers wWhose operations are all

below that jevel need not file the
report. This requirement s Adeslgned
for compliance purposes. One com-
ment suggested thet OSHA should re-

as it did in the Tmergency Tem-
POTAry Standard on Benzene, notifica-
the nee of benzene in every

dence that benzene 18 present in some
pmommnt or other in & vast mumber of
workplaces and thal, consequently, &
potification of use provision wouwld be
administratively burdensome 1o OSHA
and employers without necessarily re-
siiting In more effective enforcement
of the standard. For this reason, the
final standard, as the proposal, re-
quires merely the notification of regu-
ated aress. Other comments suggest-
ed thel laboratories and other small
psers of benzepe be exernpted from
this notification provision on the
ground that thelr nse of benzens Is In-
frequent {Com. 70) and that the Iing
of this notice by “hig users”’ would be
sufficient to set priorities {for Incility
inspections. OSHA does not agree. The
amount of benzene psed by research
and testing Jaboratories wiil vary from
time to time depending Or» the projects
belng worked oo Finally, the FUgEES-
tion presupposes that Tacilty inspec-
tions would be conducted solely on the
basis of the frequency of use of ben-
zene. However, even where the use of
benzene s Infrequent, jropairment of
employee heallh may
1y where the exposare
permissible exposure
dustry comments requested that em-
ployers be releved of otification of
regulated areas where texnporary regu-
jatory areas of short duration sre es-
tablished for malnienarzCe work or for
special projects or when leeks In
closcd.sy:bems-oocur—(-(:om_ 46, 50). In
view of the hazardous saature of ben-
gene exposure, OSHA deems 1t essen-
tial to require petification of regulated
aress in all cases where employ€ees are
exposed above the permisslble expo-
sure Umit, MoreoveT.
where there are frequient leaks
wil be alerted by the Dneces-
slty to report these leaXks to the possi-
take additlonal measures
to protect employees .s.gainst such ex-
posures. If the poss!billty exlsts that
the permissible exposQIe

exceeded {rom time O time,
tenence of a.regulated ared at the lo-

10, 1973
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cxion of Lhe leaks will, of course,
minumnize exposure and minimize the
reporting requirement. Some industry
puLaipants recommended that the
atandard include a method for “dere-
gulating” Lhe regulated zress once ex-
pusures {all below the permissible ex-
pasure llmits { Com 46, Com. 653, Com.
55, DSHA does not feel that s formal
merthod lur deregulation is necessary.
Since the standard does not require
mantrr.ancs of a regulated area
except x here exposures are above the
permnable exposure Mmit, the regu-
Inted arrs requirement does not apply
where the employer has reduced the
cxposure levels below the permissible
exposure limit. Nor would a deregula-
tion procedure contribute to the pro-
tection of employees. Moreover, U
formal deregulation were required, it
would be necessary for the employer
1o file an wdditional notification with
the OSHA ares offlce should condi-
tions change thereafter and the expo-
sure agaln exceed the permissible ex-
posure Umits, In view of these consid-
erationy, a formel deregulation proce-
dure would appear to be unnecesserily
burdensome.

Monitoring: paragraph (e). Sigoifi-
canl changes have been made In the
monitoring section of the {lnal stan-

dard In response to comments by par- -

ticipants. Briefly, the final standard
requires all covered employers to make
measurements to determine whether
any employee may be exposed to alr-
borne concentrations of benzene, and
imposes different measuring regiire-
ments depending on whether exposure
meas irements are above or below cer-
tain levels.,

The monltoring rcqu].rements are
imposed pursuzant to Scction 8(bX7T) of
the Act (2% U.5.C. §655) which man-
dates thal any standard promulgated
under sectlon 6(b) shall, where appro-
priate, “provide for monitorlng or
measuring of employee exposure =at
such locations and intervals, and In
such manner as may be necessary for
the protectlon of employees.” The
purposes of monitoring sre to deter-
mine the extent of exposure, to Identi-
Iy Llhe source of exposuresto the
hazard and to enable the employer to
select proper control methods and
evaulale Lhe effectlveness of the se-
lected melhods. Thus, monltoring en-
ables employers to meet the legal obli-
gation of the standard to assure thsat
thelr employees are not exposed Lo
benzene In excess of prescribed levels.
Additionally, monltoring enables em-
ployers to notily the employees of
their exposure level, as required by
section 8(c)(3) of the Act, and-provides
Information necessary to the examin-
ing physiclan,

The need to conduct exposure moni-
toring wes generzlly accepled by par-
Ucipants In the rulemsking process
(P.C. 35MCA btrief, p, 55-b; P.C. 36;

-
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ORC brief, p. 7). Many comments,
however, objected to the proposal’a re-
quirement to messure airborne expo-
sures in 81l workplaces "where benzene
{s present” {P.C. 33; API brief, p. 1275;
P.C. 34; ORC brief, pp. 7-8). Partlcl-
pants argued that the use of the term
*“present” is 50 broad as to encompass
each and every employee &t a facility
(Ex. B, No. 53). It was also argued that
benzene Is present in the ambient at-
mosphere (Ex. 8, No. 43; Ex. 84B. 18,
Fx. B4A, p. 7) with the resnjt that
every work operation in every clty
would probably have to be monitored

(Ex. 8, No. 43, p. 12), OSHA'’s objective’

is Lo minimize all occupational expo-
sures to benzene, The term “presence”
was used in the proposal to convey the
intent that, whenever the exposure of
any employee to benzene concentra-
tions resulted from workplace oper-
ations at the place of employment, the
employer was required to measure
that exposure. OSHA does not intend
that employees, who might be exposed
solely from other sources, such as am-
blent levels of benzene, be covered by
the monltoring reguirements. In view
of the confusion as to the meaning of
the term “presence,” the final stan-
dard does not use that term but In-
stead specliies the general classes of
pecupational activitles which - can
result In employee exposure to ben-
zene, and requires monitoring where
any of these activities are conducted.
In conduciing the monitoring of ex-
posures, the standard does not require
that each individual employee’s expo-
sure level be measured. Although indl-
vidual messurement Is the ultimate in-

dlcator of employee exposure, OSHA --

believes that a requirement for Indi-
viduel measurements may be too bur-
densome. Accordingly, the standard
requires that the mesasurements be
meade by monitoring which {5 represen-
tative of each employee’s exposure to
benzene over an eight-hour period
without regard to the use of respira-
tors. It should be noted thalt the re-
quirement for representative monitor-
ing does not preclude an employer
from taking Individual exposure mesa-
surements of each of his employees;

~—{ndlvidual measurements are certainly
considered to be representative; and
the representative monitorlng require-
ment is the minimum that the employ-
er must meet.

In establishments having more than
one work operation lovolving the use
of benzene, the monitorlng to be rep-
resentative must pe performed for
each . type of employee exposure
within each operation.’ One particl-
pant requested that area sampling be
permitted In order to lessen the
burden .and cost-of monltoring .each
employee with a different job function
(Ex. 6, No. 49, n. 4). Although the final
standard does not specliically require
personal sampling, monitoring under

-~
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the standard must determine brenth- tha
ing zone exposures. Appendix B, IV,
therefore, recommends thai air sam- ;
pling be taken In the employee’s :
. breathing zone. Area samples are gen-~
eraly not ss direct a measure of em- -

ployee exposure, and consequently,

may not meet the requirement for rep- -
although -

resentative  monitoring,
where area sampling can be correlated

with breathing gone exposures, ares i
sampling may be vsed. OSHA, howev- -

er, notes that while there are tech-
niques to correlate ares sampling with
breathing zone exposures, these are

generally more burdensome than per- -

sonal sampling and involve much more
sophisticated data collection and anal-
ysis, inaluding the performance of per-
sonal sampling to assure the correla-
tion.

employers with aeveral places of em-
ployment, in which there are.work-
places with identical processes ©r Ofer-
ations, be permitted to monitor only &
representatlve number of such loca-
tions (Ex. 6; Ex. 60, p. 3; Ex. 60, p. 7).
The fact that work operations are in
different geographical locations would
not in itself preciude representative
monitoring. However, it is the employ-
er’s responsibility to assure that inden-
tification of copditlons, characteris
tics, nctivities, climate, etc. exist so
that monltoring at. particidar sites
wounld acturlly be representative of
employee exposure at other sltes.

The employer is also required to use
& method of monitoring and measure-
ment with an accuracy (at & confi-
‘dence level of 95%) of not less than
plua or minus 25% for concenitrations
of benzene of 1 ppm or more. Methods

of messurement are presently avall-

phle to detect benzene to this accuracy
level (‘Tr. 342-3) and one such method
is described in Appendix A, IT, B In-
dustry participants expressed coneern
that consistent compliance with these
peccuracy requirements will be impossi-
ble. (PC 38; AISI brief pp. 108-108.)
The record, however, indlcates thai,
even where benzene s present with
pther orgenic solvents, the  OSHA
Analylical Method will stil) enable em-
ployers to measure low levels of ben-
zene well within the sccuracy require-

ment of the standard. (Tr. p. 343.) ;

Indeed. It was suggested at the hear-
Ing that there is an alternate method
for sampling, passive doslmeters,
which may comply with the sccuracy
regirements contalned in the proposal.
(17, 2381.)

As earller indicated, the standa.rd re- °

quires all covered employers to inltial-
ly measure the airborne exposure of

-all of thelr employees. Some ypartid- . .
_.pants-objected to this.requirerment and

recommended that initial momnlioring
be limlted to those workplaces Where
there i5 a probability of exposure to
benzene In excess of the perrnissible
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exposure limit (P.C. 36; AISI brief, pp.
73-74; P.C.34; ORC brief; p. 8) or In
excess of 10 ppm (MCA brief, p. §0). It
ls OSHA's view that a “probabillty” is-
too speculative where a carclnogen ls
involved, and that a more definitlve
basis is peeded for determining em-
ployee exposure. It Is, therefore,
OSHA's declsion to reqguire initial
monitoring at any level of exposure to
& carcinogen. Initial measuring of ex-
posure s necessary for the protection
of employees particularly where, as
here, the permissible exposure level is
not a "zafe’ or “no effect” level but is
predicated upon feasibility. Moreover,
inltinl monitoring does not place sn
undue burden on the employer sincs
be need not continue the monltoring
for those employees whose erposures
are below the action level

The standerd reqgulres that t.he inl-
tinl monltoring be conducted snd the
resulis thereof obtalned within 30
days of the eifective.daie of the stan.
dard.  Several comments requested
that a longer perjod, ranging between
two meonths (Ex. 178) to six months
(P.C. 36; AISI brlel, p, T5; TR 3137), be
allowed for employers to meet this re-
quirement. OSHA hsas retalned . the
thirty day requirement. Since the
fina] standard hes a delayed effective
date of thirty days after date of publi-
cation In the PspEral REGISTER, €m-

" with thls requireroent, OSHA feels
that this period is sufficient to enable
employers to secure Eampling equip:
ment, take samples, and obtaln the re-
sults. Moreover, the standard permits
employers, who hare monitored within
the last year, to utilize these measure-
ments for purposes of compliance with
the initia} monitoring requirements,

. provided thal the sampling snd Bns-

lytical method used meets the accurs-

* ey test of this standard and provided

that the employer meintaing a record
of these measurements and notifies
. employees of thelr exposure levels.
> Employers who have alrsady moni-
tored thelr employees' exposures
. within this period will, therefore, not
: heve to conduct inltlal monitoring
- unless, because of & process, control or
. personnel change, they are required to

- {he extent thet the initial-monitoring
requlrement cannot be complied with
because of the unavallability of profes-
X slonal or technical personnel or of ma-
' terinls or equipment, the temporary
- variance procedures of the secllon
iE' 8(bX6)(A) of the Act may be appropri-
.- ately utilized. As noted, however, it is
not expected that this will be gencra.l-
£ 1y necessary,
The [requency of monitoring em-
p]oyee exposure has been modlfied In
a the Iina] .stapdard. The . proposal
“would have requlred monthly monitor-
iIng where exposures were mbove the
*DErmissIb]e exposure Umit and quer-

4
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ployers will have slxty days to comply...,

' redetermine exposures. In addition, to
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terly monitoring of those employees
whose exposure wos below that level
The {insl stzndard does not reguire
employers to repeat the monitoring
where the initinl messurements are
below the action level, unless there is
some chenge [n operations which
might alter the exposures. Where the
exposure measurements are above the
action level but not in excess of the

permissible exposure lmit, the em-.

ployer is required to monitor quarter-
ly. Where initial or subsequent mon}-
toring indicates that exposures are
gbove the permissible exposure Umit,
the employer must monitor monthly.
In " developlng thesa requirements,
OSHA hes given serlous consideration
to the numerous suggested modifica-
tions of the proposal’s requirements.
These ranged from suggestipns to
lessen the frequency of repeated moni-
toring to suggestions thet monltoring
frequencies should depend on whether
the process Is stable or highly veriable
(Ex. §, No. 40), or should be based on
periormance variables, such as fre-
quency of use, quantity used (Ex. 6,
No. 70) and engineering controls (Ex.
8, No.'1Z, No. 43), or should be at the
discretion of a professional (Ex. 8, No.
43). Some participants objected to pe-
riodic maonitoring where Initial moni-
toring revenls exposures below the
permissible exposure lmit (P.C. 38;
AISI brief,. p. 75; Com. 38, -10, 37).
OSHA agrees thet periodic monitoring
{s not necessary where exposures are
shown to be below the zction level, Ac-
cordingly, OSHA has ellminated the
repeat monitoring requirement for op-
eretlons helow the action level. Where
initial mepsurements are.abaove the
action level but do not exceed the per-
missible exposure imit, periodic moni-
toring Is pecessary to assure that ex-
posures remsain within that range and
do not rise to above the permissible
exposure limit. OSHA believes that
quarterly monitoring Is sufficlent to
deteet substantial changes in expo-
sures and io assure that employee ex-
posures remsin below the permissible

exposurg lmit. Some participanis ob- .

jected to monthly monitoring where
Initina]l measurements are sbove the
permlissible exposure limits (P.C, 38
AISY brief, p. 76, Ex. 6, No. 50). Their
rationnle Is-that—repest monitoring
SEIVES nO purpose since the hezard hag
already been identified (kx. 170). They
argued that the requirement to estab-
lish regulated aress where exposures
are sbove the permissible exposure
Umit Is a sulficlent tncentive for em-
ployers io remopitor a workplace as
soom as they believe that the exposure
has been reduced (P.C. 36 AISI brief,
. T8-7). As previously poinied out,
monitoring serves other purposes than
Initital -determination of -employee ex-
posure. Monitoring {s a8 check on the
efficlency of engineerlng controls: in-
creased levels slert the employer to
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the need to check and possibly alter
these controls. Increases In benzene
levels may also necessitate changes in
types of respirators, Exposure mea-
surementis remind employees and em-
ployers of the continued need to pro-
tect ngainst hazards, and are also
useful to the examlning physician In
determinlng whether the exposed em-
ployee is at an increased risk. OSHA,
therefore, is of the view that repeated
monitoring, where nitlal measure-
ments are above the permissible expo-
sure limit, Is necessary L0 protect em-
Ployees. Other partlcipants expressed
the view that this monitoring shounld
be less frequent than monthly—that
Is, should be quarterly (P.C. 31 ORC
brief, p. §; L.C. 2); semi-annually (P.C.
38 AISIT brief, p. 78; Ex. 8, No. 57), an-
nually {(Ex. 8, No. 58, No, 783, or es fre-
quently as slgnificant changes are be-
leved to have occurred (L.C. 18). In
view of the leukemogenic hazard of
exposure to benzene, it is OSHA's view
that monthly monitoring, where expo-
sures are rbove the permissible expo-
sure 1lmit, is necesary to protect the
health of exposed employees,

The flnal standard also provides
that employers may discontinue moni-
toring for those employees for whom
two eonsecutive medsurements taken

.5even days apart show exposures to be

below the actlon level. Whexe employ-
€e exposure messurements iIall below
the permissible exposure Hmit but are
at or above the action level, the em-
ployer may alter the rmonltoring
schedule for those emplowees from
monthly to quarterly aftexr two con-
secutive messurements taken seven
dnya apart indicate the reduction in
levels.

The standard further reguires that,
whenever there has been a production,
process, control, or personrel chenge
which may result ln new or sdditional
employee exposure, or whenever the
employer suspects that a change of
employee exposure may occtlr, the em-
ployer must repeat the reqixired moni-
toring. Redetermination of exposures
in such Instances i3 necessary so that
the employer may take the necessary
action to protect his employees, such
as providing_appropriate r-espiratory
equipnrent. or instituting emgineering
controls. Redetermination is required
only where there Is a new exposure or
an Increase In exposure lev-els ls sus-
pected (Ex. 6, No, 76, No. 50). The re-
quired redetermination whexe there is
2 change of personnel was ndded to
the final standard in view of evidence
that exposure levels can change when
different emplayees perforna the work
(Tr. 3083). This requiremennt does not
mesn, however, that the employer
must remoniior every time tlaere Isa
personmnel change but he mu st redeter-
mine exposures when the wwork prac-
tices of the substitute emjoloyee are
such that an increase in exp-osure may
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result. Redetermination of exposure
must also take place after the cleanup
of spills end the repalr of leaks, rup-
tures or other breakdowns. One com-
ment suggested that redetermination
not be required In these Instances
(L.C, 19). OSHA has not sdopted this
suggestion. Spills, leaks, etc., can
result {n very high exposure levels (TT.
1299; P.C. 30, p. 48), and the require-
ment to redetermine exposures after
cleanup or repalr provides one method
of ascertaining that proper corrective
methods have been instituted and em.
ployee exposures are pnot significantly
altered.

The final stendard further requires
that ernployers notify esch of their
employees of the exposure measure-
ment which represents that employ-
ee's exposure. This requirement is dis.
cussed {n detail nunder Recordkeeping.

It should also be noted that pars-
graph (m) of the standard requires the
employer to 1llow emyployees or their
designated representatives an opportu-
nity to observe the monitoring. The
specific provisions of paragraph {(m)
are discussed below.

Methody af compliance: paragraph
(). The Iina! standard, as the pro-
posed standard, reguires employers to
Inslitute engineering and work prac-
tice controls to reduce employee expo-
sure to benzene to or below the per-
missible exposure limnits, except to the
extent that such controls are not fea.
stble. This requirement s in accord
with OSHA's policy that fcasible engi-
neering and work practice controls
must be used as the primery methods
of reducing employee exposures. This
policy Is based on the view that the
most effectlve meens of controliing
employee exposures Is to contaln cop-
centriations at their source through
use of mechanical means combined
with work practices rather than rell-
ance on the varlability of human be-
havior so critleal to the successful use
of resplrators. Thus, the standard also
provides that, in situations where fea-
sible engineering controls and work

- practices are {nsufficlent to reduce ex-

posure to the permissible limits, the
controls must nonetheless be used to
reduce exposures to the lowest achlev—
able—level, and then be supplemented
by the use of respiratory protection.
In reaching the declsion to requlre
engineering and work practice controls
as the primary methods of reducing
bencene exposures, OSHA has careful-
ly consldered the objectlons of various
participants. While recognizing that in
many situations engineering and work
practice controls are the preferred
methods of reducing exposures to or
below the permlssible levels, several
participants recommended. that thé
‘hieraréhy of control messures be
ellminated and employers be sllowed
the ifreedom of selecting the control
measure to be Instituted. (Tr. 3140).

FEDERAL
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These participants particularly object-
ed to the requirement that engineer-
Ing controls and work practices be
used to reduce exposure to the lowest
achieveble level even I that level 1s
above the permissible exposure lmit.
Various arguments were made in sup-
port of this position, One participant
pointed out that, where the controls
will not reduce exposures sufficiently,
respirators will have to be used
anyway. This employer suggested that
OSHA mandate the continued search
for coptrols which are sufficlent to
reduce employee exposure, but allow
employers to select any appropriate
method of reducing exposures (Com.
43). As was pointed out In the benzene
hearing (Ex. 59, p. 12), &s well as in
other OSHA rulemaking proceedings,
respirators sre the least satisfactory
means of control because of difficul-
tles inherent in thelr design and use.
Respirators are capable of providing
good protection only i they are prop-
erly selected Jor the types and concen-

trations of airborne concentratlions

present, properly fitted and refitted to

the employee, worn by the employee,

and replaced when they have ceased

to provide protection. While {t is theo-

retically possible for a1l of these condl-

tlons to be met, 1t is more often the

case that they are not. Consequently,

the protection of employees by respl-

rators is mot always effective and is,

therefore, permitted only in certain

speclfied circumstances. For example,

proper faclal fit, is essentizl but, due

to varjations In fit, individual facial di-

mensions and the limited range of the

faceplece configurations, such fit Is

difflcult . to achleve., (Tr. 332-335)

Often the work involved s strenuous

and the Increased breathing resistance

of the respirator reduces their accept-
ability to employees. Safety problems

-presented by resplrators must slso be

considered. Respirators limit vision.

Speech i5s also imited. Volce transmis-

slon through a respirator can be diffi-,
cult, annoying and fatiguing. Move-

ment of the jew In spezking also

causes Jeaksge. Commimication may

make the difference between a safe ef-

Iiclent operation, on the one hang,

and confusion and panicespecially in

difficult and dangerous jobs, on the

other hand. Moreover, skin irritation

can result irom wearing a respirator in

hot, humid conditions and such Irrita-

tlon cen cause considerable distress

and disrupt work schedules. It is clear,

therefore, that respirators cannot be

considered as the primary meens of

employee health protection. Neverthe-

less, respirators do provide some pro-

tectlon and OSHA has roncluded that

under certaln lmited circumstances,

where no .gliernatlves -gre avallable,

resplrators may be used to reduce pm-

ployee exposures.

Industry participants further argued
agalnst a system of prioritles because
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~exposure Umit..or.-to .the

of plleged unfeasibility of englneerinz 3

controls. Most of these participanty?

objectlons to methods of complirnce F
however, lle In the area of economic™ §
rather than technological feasibiity:

% |

(Com. 49, p. 5, Com. b4, p. 2; Com. 73
3). As dlscussed below, OSHA hn.s

debermined that this standard s feasi. ‘!f.

ble and that Lhe Implementetion of ¥
-engineering and work practice controls
is for the most pari technologically

feasible. However, OSHA reallzes that, 3¢
under some particular clrcurmstancesf 3

engineering -and work practice controls
mey not be technologically feasible in

a partleulsr work operation. There- 4

Tore, the standard expllcitly recognizes

that an employer may demonstrate -3

the Infeasibllity of engineering rod

work practice controls 8s to one or ¥
more pperationgs In & particular pro- %

cess, and In these circumstances use

respirators to provide the required ¥

protection. The questlon of whether
an employer has met its burden of es-
tablishing that engineering and work
practice controls are Infessible In a

particular work operation involves the - ‘. i

consideration of many complex frctors
and a rational balance process. Factors

such as levels of exposure, wvseful re- .

maining life of the equipment and the

effort made by the employer to imple- j§

ment such controls are relevant.

In addition to the oblgation to insti-
tute engineering and workk practlce
controls, except to the extent that
such controls are not feasible, the
1inal standard also requires that each
employer establish and implement &
plan, including schedules for reducing
exposures to within the permissible
--grentast
extent feasible, solely by engineering
and work practice controls. These
written plans must be furnished upon
regquest for examination and copying
to representatives of the Assistant
Secretary and the Director. . These
plans must be reviewed snd updsated
periodically to reflect .the current
status of exposure control. Some prr-
ticipants felt that the requirement for
written plans was burdensome and un-
necessary (Com. 45, 59). OSIIA, how-
ever, views the regulrement for writ-

ten plans ps an essential part of the— ""

compllance program since it will en-
courage employees to actunlly rchieve
the controls and also provide the nec-
essary documentation to OSHA, em-
ployers ‘and employees of the compl-
ance methods chosen, the extent to
which controls have been Instituted
and plans to Institute further controls
to achieve saIe and healt.hful work-
places, 5 - v -

A complance issue .relat.lng tO the
requirement for engineering controls
and work practices In-this. final ben.
gene standard involves the relatlon-
ship of that requirement to the coyv-
ered employers’ legal obligation as to
emﬁneﬂrh’g controls under the prlor

Y
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benzene stendard (20 CFR 1910.1000
Table 2-2). The new standard, st pars.
graph (I)1), requires the Implements-

practices. OSHA views the two sian-
dbn.rds" tal.s A co&tl}x:u}l;m of enforceable
obllgations whic ave been crystal.
lized in the standards promulgatlon
More speclfically, in evaluating wheth-
er the employer has instituted con-
trols, OSHA compllance personnel

would consider not only the employ:-

er's performance under the new stan-
dard but slso his prior obligetion
under ts predecessor. co .
Respiralor prolection para,gra.phl
{p). The finel standard contalns re-
quirernents for respiratory protectiof.
The standard requires employers to
provide and assure the use of respira-
tors whenever the permissible expo-
sure level ls exceeded. Paragraph (g)
maakes clear, however, that resplrators
are only to be used when other means
of cornitrol are not feasible, and that
the use of respirators i& not a substl-
tute jor engineering and work practice
controls, The standard allows respira-
tors to be used to achieve compliance
with the permissible exposure levels
only In certain specifie situations. The
reason for the lmitations is that respl-
rators are, as stated mbove, the least
satisfactory means of exposure con-
LTO]. st e . .
The standard contains a respirator
selection table to enable the employer

to provide the type of respirator which

affords the proper degree of protec-
tion. While the employer must select
the appropriste resplrator from the
table for each work operation on the
basis of the sirborne concentrations ni
benzene, he may always select a respi-
rator providing greater protection—
thet is, one prescribed for higher con-
centrations of benzene then present in
his workplace. It should also be noted
that OSHA does noi anticipate, as pre-
viously suggested In the proposal, that
a conflict between the respirator selec-
tion table ol the benzene standard and
that of the coke oven standard will
arise, Industry date (Ex. 136, attach
No. 2) Indicates that benzene expo-
sures atcoke oven batterles are gener-
ally-below 1 ppm and respiratory pro-
teciion-for benzene exposure will gen-
erally not beregulred. -

The standard further requires that
i the ernployer-select respirators from
. among those approved by NIOSH
* under 30 CFR Part 1l. Participants
" pointed out (Com. 41; Tr. 752; TR 138)
that, although the standerd’s respira-
:- lory sclection table permits the use of
. chemlical cartridge respirators for con-
* centrations of 50 ppm or less, N1IOSH
. does not spprove chemlical cartridge
£, respirators for benzene. OSHA is well
‘£ awareé of the fact that NIOSH does
¥- not approve organic vapor cariridge or
- canister resplrators for substances,
such ms benzene, ‘with poor werning

2
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and that such respirators do
g‘;:ﬂg%femlly have end-of-service life
tndleators (TT. 140). The standard’s re-
guirement for NI1OS8H epproval, how-
ever, is deslgned to mssure that only
devices approsed and certified by
NI1OSE for use agalnst organic vapors
be used, notwithstanding the fact that
such certification carrles a stated or
implied prohibition agalnst the use of
these deviees for substances with poor
werning properties. The alternatlve
would be to chance employee protec-
tion by sllowing use of non-approved
devices, or to require supplied air res-
pirators or sel-contained breathing
devices which in many cases would
glve rise to extreme operational diffl-
culties (Tr. 142). Since organie vapor
cartridgé and canister respirators cur-
rently approved by NIOSH heve been
shown to be effective In absorbing ben.
zene vapors, nefther of these slterna.
tives Is necessary.

To compensate for the lack of rde-
guate warning properties of these res-
pirators, the standard requires fre-
guent replacement of the cartridge or-
canisters (Tr. 140). The standard re-

quires that the cartridges or canisters”

be changed at the end of thelr service
life or the end of the shift in which
they are first used, whichever comes
first. Bome participants objected to
the reguirement to replace air purify-
ing canisters and cartridges at the end-
of the shift. They felt that it would
lead to waste (Com. 40), would do lttle

- to encourage research and- develop-

ment of an end of service life indicator
{Com. 41}, and would be too frequent
where benzene concentratlons are low
and cartridge lfe Is long (Com. 85).
Recommendations for longer periods
varied .(Com. 53; L.C. 3; L.C. 18; Com.
60). OSHA has considered these rec-
ommendations but hes concluded that,
In order to assure that employees re-
celve the mseximum protection Ifrom
benzene vapors, cartridges or canisters
must be changed at least at the end of
each shift. Should NIOSH, at some
later date, certify a benzene end of
service lfe Indicator, which demon-
strates that the canister or cartridge is
useful past the end of the shift, OSHA
would allow the-cartridge—or-canlster
tc be used for the extended period. Ac-
cordingly, the final standard has been
changed to make thls cleatr and hence
encourage research and development
of an end of service life indicator for
benzene. : .
The standard further requires that
the employer institule s respiratory
protection program In accordance with |
28 CFR 1910.134. This section contains
tasic requirements for proper selec-
tlon, use, cleaning end maintenance of
resplrators. The employer s also re-
quired to assure that the respirator is
properly fitted and to allow employecs
to wesh thelr faces and resplrator face
pleces, In addition, paragraph (})1) of
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the standard requires that employees
be properly trained in the use of respl-
rators.

The standard requires thaet the em-
ployer shall provide respirators and
other clothing and equipment required
for protection from exposure to ben-
zene at no cost to the employee.
OSHA has allocated the costs of respi-
rators and clothing and equipment re-
quired for protection from benzene ex-
posure to the employer in order to ef-
fectuate the purposes of the Aci. The
employers’ costs in providing respira-
tars snd protective equipment and
clothing were considered In the eco-
nomic assessment. This language clari-
Iles OSHA's positlon which has long
been implicit In health standard pro-
ceedings under section 6(b) of the Act.

Prolective Clofhing and Eguipment:
paragraph (h). The {inel standard re-
taing the requirement that, “where the
employee 1s exposed to eye contact or
repeated skin contact with benzene,
the employer must provide and assure
that employees wear the appropriate
protectlve clothing and equlpment.
This requirement compels employers
to furnish, where necessary, such
items as goggles, face shields or gloves,
or footwear,

The available sclentific evidence on
the intaet and unbroken skin has been
discussed above under Dermal snd Eye
Exposure Limits. Although the evi-
dence on skin absorption of benzene is
intonclusive, it Is an “undisputed as-
sumption” that the penetration of any
benzene molecnle will be greater
through damaged skin (Tr. 2468-77).
“The record evidence nlso Iindlcates
that there are situations where em-
ployees are lmmersed or drenched
with benzene lguids (Tr- =288, 292,
299), Ligquid benzene on the skin may
canse erythemis and blistering., and
dry scely dermatitls may develop on
prolonged or repeated exposure (Ex.
3-3). Burps may occur frormx benzene
spills (Tr. 282). One purpose of the
protective clothing and eguipment re-
gulrement is to protect ermployees
from dermatitis and burns. Additional-
1y, since benzene is 8 carcinogen and
since breaks In skin surfaces common-
1y oceur, OSHA has concluded thet it
i3 necassary to require persongl protee-
tive clothing and equipment slthough
the full effect of Uguid benzene on the
eye and the skin is as yet unknown. To
do otherwise would be to 1eave em-
ployees unprotected and ex pose them
to what might wtimately be shown Bs
a most serious hazard.

Few comments were recelved on the
protective clothing and equipment re-
quirements. Some perticipants indicat-
ed that they already provide such pro-
tettion to -thelr ‘employees -“C(L.C. 4).
One particlpant rugsested Ghat the
extent of body exposure, wiich wowd
trigger the need for the PpIotectlve
clothing, be dellneated i the stap-
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dard 1Com. 55.) OSHA, however, bs-
heves that the llkellthood of eye or re-
peated skin contact and the resuitant
need for protective clothing must be
‘assexsed on the basls of individual
workplace operatlons. One comrment
ob)erted to the need for protectlve
clothing or equlpment where 1 percent
or less benzene is present in the liquid
benzene There Is, however, nothing to
Indicatls that such percentages would
create a sufficlently reduced hazard to
warrant total elimiration of the re.
guirement.

The !inal standard requires the use
ol “Impermeable” protective clothing
and equipment This requirement was
In thr emergency temporary standard.
The' proposal, however, would have
simply requlred approprizte protec-
tve clothing and eguipment.” Where
eye and ikin protectlon are required,
Lhe protective clothing and equipment
to be “appropriate” must not allow
llquid benzene to reach the eyes or
skin. To make thls clear, OSHA hgs
adopted the language of the emergen-
¢y lemporary standard. The imperme-
able clothing must prevent all penetra-
tlon of benzene. Thus, where imper
meable gloves are used, liquid benzene
should not seep through the cuff or
eny other openlng In the glove. This
could very well increase the hazard to
the employee. It appears, on the basis
of testimnny from the Industry expert
wilness, that, when a chemlcal sub-
stance on the skin is covered with a to-
tally inclusive material, the rate of
permeabllity of the substance through
the skin is greatly increased (TR 2484;
2473). .

HYGIENE FACILITTES
Although normelly required In car-
cinogen standards (See Coke Oven and
Cancer Pollcy), the final benzene stan-
dard does not contain any requirement
fcr hyglene facillties, such as waste
disposal, housekeeping, showers,
change rooms, or laundering of cloth-
ne.

The questlon of what, if any, hy-
riene facilities should be ineluded In
the final standerd was at issue In the
benzene rilemeking proceeding, The
most common view of participants in

“1ihat proceeding was that hygiene fa-
cilities were nol necessary because of
the volatility of benzene (L.C. 19},
Almost zll participants felt that no
hazard would be created by the ab-
sence of hygiene facillties. One wit-
ness, however, testified that, ln his
opinlon, the wife of & benzene exposed
employee, who laundered her hus-
band's work clothes dally dled from
benzene Induced leukemiz (TT. 314).
Unfortunately, no further Informatlon
concerning thls case was furnlshed.
OSHA, consequently, flnds that the
record does not establish the need for
a requirement for hyglene facilitles.

Medical surveillance: paragraph ({).

* This stanidard requires that employers
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make svallable 1 medical survelllence
progrem lor those workers who are ex-
posed 1o benzene at or above the
actlon level of 0.5 ppm TWA. In addl-
tion, the regulation contalns an emer-
gency provision for the blological mon-
{toring of employees exposed to A mas-
slve release of benzene.

Evidence contained In the record
clezrly Indicates that a medieal sur-
velllence progrem i3 an appropriate
measure. Hematologists, company
physiclans and other participants have
recornmended the inclusion of & medl-
cal survelllence provision in the final
standard (Ex. 108; P.C. 30; Ex. 211; BEx.
17, Ex. 178, Bommarito, Tr., 3382).
Also, a review of the record dlscloses
that It is 2 current commmon practice
of many Industries to routinely exam-
Ine their employees for evidence of
benzene toxiclty. le.g. Wodkn, 'Tr.
1263; Com. 28; Joyner, Tr. 2288; Dow,
‘Tr. 2967, 3021; Ex. 77H.)

Sectlon 6(bX7) of the Act requires
that employers make avalizble madlcal
examinatlons to ascertain whether the
health of workers is adversely affected
by exposure to toxic substances, where
appropriste. The requirements con-
talned in this regnlation zre, designed
to detect changes In the hematopaletie
system resultlng from chronic expo-
sures to benzene which may be mani-
Tested In a range of blood disorders, in-
cluding leukemin.

It 1s widely recognized that the
major target organ in chronic benzene
toxicity, Is the hematopoletic system,
expecially the bone marrow. This
system hsas the attribute that a sample
of the peripheral blood offers a unique
blological “window” on the function-

object of much comment and testimoto

ny. For example, over 45 separates

comments addressed this issue in pre-‘Z
hearing submissions alone. Additional-B%

ly, substantial testimony wrs adduced ¥
during the hearing, and additional ¥
views were submitted Lo OSHA In th

form of post-hearing comments. These et

suggestions addressed both the con- %
tent and frequency of the examina. %%
tlons . a5 well as what Information
shonld be elicited from the medicaly
work history portion.
. OSHA, In formulating the provisions .®
of the medjcal- surveillanca section, -
was aware ol several problems. While
there Is no disagreement that the
blood tissues are the most lmportant
organ relatlve to chronic benzene tox-
lelty, there are as yet no consistent
patterns of abnormalities, especlally at

low exposure -levels, and no specific -3

pathognomonie tests of benzene toxde-
ity (Rosen, PC 23A, p. 2). Compound- -
ing this problem Is the fact that it is
difficult to separate cases of early ben- ;
zene hematoxieity from more common

minor blood disorders (Goldsteln, Tr. “$b
3654). Assccieted with the problems of -

exam content is one of testing fre--
quency. There are simply no precise
estimates of the time course of the
varlous ebnormalities to allow deter-
mination of optimal testing frequency.
Ovpinions besed upon the lfespan of
the blood cells are equally inapplicable
In determining the frequency of such
.exams (Battle, P.C. 28C). While realiz-
Ing that the more frequent the exams.
the greater the probabllity of detect-
Ing blocd disorders induced by ben-
zene, OSHA is also aware of the prac-

ing and health of this system, provid- — Hcal considerations of & medical sur-—

Ing much direct visusl information not
readlly avallable for other orgsns or
systems. .

It is OSHA's view that a medical sur-
velllance program directed toward the
early detection of hematopoietic dys-
functlon by examlnation of peripheral
bloed samples Is &n appropriate mesa-
sure, This determination recelves sup-
port from: (1) Studles showing that
enarly blood dyscrasias have been de-
tected in workforces screened by labo-
ratory tests (snd often in workers dls-
playlng no—obvious physical sympto-
matology) {Greenburg, Ex. 2-8, p. 418;
Savilahtl, Ex. 2-85, p, 1; Goldsteln, Ex.
438, p. 138); and (2) that even In cases
of mcute myelogenous leukemis, n
period of remission, unfortumately
brief, may be effected in g substantial
proportion of those afflicted with this
falnl dlsease by appropriate treat-
ment. (ORC/Jandl, P.C. 34, p. 73-74).
OSHA's decislon §s also supported by
evidenice that some cases of bepzene-
Induced blood disorders may be re-

‘versed .upon cessation of exposure<and

by appropriate treatment.
Jandl, P.C. 34, p, 39). -

The medical surve{llance provision
of the proposed standard was the

(ORCpF

velllance program. Unlike the coke
oven standard which applles to & de-.
Iined number of workers employed In
- well eharacterlzed work sltes, benzene
Is 8 component (usually as s contami-
nant) of a wide varlety of refinied pe-
troleum solvents and, therefore, some
benzene exposure occurs in & myriad
of work sites and work operations.
OSEA also recognizes that to be effec-
tlve 2 medical surve{llance program
must be scceptable to a majority of
workers subjected to the examination,
-the-tests must display a high degree of
accuracy and reproducibllity, and the
program should be able to be. per-
formed In-a routlne manner without
unduly taxing medical resources,
Given the above facts, the prescribed
medlcal survelllance program 3 de-
slgned to sccommodate the purpose of
detecting early blood disprders result-
Ing from benzene exposure writhout
being overly burdensome and uvinduly
intrusive. . - ., .
The medical survelllance program
consists of three main-elements: (1) An
Initial and perfodic examinatiorn for &1l
those’ employees exposed to alxrborne
benzene concéntrations at or sbove
the action level, (2) evaluatiorn of b-
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normal findings by = hematologist
and, 1372 blologlcal screen for workers

who may have recetved excessive expo-

sure as & rosult of an emergency.

Bryven! commentators and hearing
particsipantz recommended to OSHA
Lthat the medical screening program
should be. in some way, related to em-
ployee exposure, and several specifi-
cally suggested that an action level be
ulllized a» the determining boundary.
tCom 10, Com. 21; Com. 26; Com. 38;
Com 48, Com. 47, Com. 53; Com. 70;
Com 72, Com. 8. L.C. 3; PC 36; AISI
brief) Many others felt that routine
medical surveillance applied to sl
workers exposed to benzene without
regard lo degree of exposure, AS was
preyfisd In the proposed standard,
=3 &h rxcewsive requirement {eg. BEx
8.)8) OSHA has examined these anal-
y3es and, mz s result, has slgnificently
altered the content of the survelliance
program in the final standard. Pur-
thermore, It 5 OSHA's view that the
requirements of the mediecal survell-
lance program cannot be left to discre-
tion of the examining physiclan be-
cause some physlelans may not be
fully aware of the wide range of ef-
fects resulting from benzene exposure.

The {inal standard requires that em-
ployers must make avaflable an initial
examination to any
worker exposed at or zbove the action
level. While It Is the Agency’s position
that there is no *safe” level for ben-
zene exposure, OSHA belleves that the
vast majority of workers exposed
below the actipn level will not mani-
Jesl blood dyscrasias, while those at or
above this value are at greater risk,
the precise extent of which Is un-
known. The inclusion of an action
level concept will therefore limit medi-
cal survelllance requirements for those
employees as to whom the probability
of identlfying benzene-induced blood
disorders Is in all likelihood minimal,
and will focus such efforts on a popu-
lation at increased risk. -

INTTIAL EXAMINATION

The Initia]l examination has two
componpents: 8 medleal/work history
and 8 serles of laboratory blood tests,
This differs from the proposed stan-
dard which drew no distinctions be-
tween |nitial historles and examina-
tions and subsequent ones. The final
standard does, however, make such a
distinction. The purpose of the history
Is to alert the physiclan to problems
which may indicate en Individual's in-
creased sensitlvity to benzepe. The
permanent standard requires the
taking of a history with the data ele-

_ments specified In the proposal,

EFHY Ly (Com. 28) and Dupont

(Com. 46) generslly pgreed with, the
‘propased- history requlrements, while'

Dow Chemica] sgreed with the intent,
{.e., that a complele medical history

. Wwilh an emphasis on blood problems s
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an essential part o! a benzene medical

survelllance program. They felt, how-

ever, that the wording should be sim-
plified so that the worker could supply
the information him/herself with
mlnimal professional assistance. (Ex.
154.) OSHA, recognlzing the merits of
thizs suggestion, hes not chosen to
mandate the precise wording of the
history taken, but only to require that
specific areas should be guerled. The
employer, therefore, has considerable
latitude with respect to the actual
format. Whether the employee an-
swers the medical history or Is ques-
tioned by a health professional is also
left to the discretlon of the employer.
The standard does require, however,
that all aspects o! the mcdlca.l surveil-

lance progrem be under the supervi- .

sion of a licensed physician.

One hemsatologist objected to the in.
clusion of gquestions pertalning to a
family history of hematologic neo-
plasms, noting that there Is litle evi-
dence assoclating these disorders with
a predisposing increased sensitivity to
benzene (ORC/Jandl P.C. 34, Add. 5,
p. vil). Another hematologist alse exiti.
cized this provision on the basis that
the information obtained was both un-
realinble nnd of unknown relevance to
benzene toxiclty (P.C. 260). Jandl also
stated that genetically related hemo-
globin nlterstions (hemoglobinopath-
{es) are nat highly relevant and ere
therefore of no predictive value
(ORC/Jandl, P.C. 34). OSHA agrees
that there s no known or even sus-
pected association of benzene-induced
blood dyscrasies with some hemoglo-
binopathles such as slckle cell anemia.
However, Aksoy has reported findings
that Indlviduals with thalessernia (an-
other hemoglobln disorder) may be
more sensitive to the hematotoxle ef-
fects of benzene (Ex. 44). (It iz not
clear from Aksoy's testimony whether
or not thalassemies are At greater risk
of developing leukemias resulting
from benzene exposure.) Moreover, he
also observed a familial Unk with leu-
kemia resulting from benzene expo-
sure. (Ex. 24). In view of Aksoy's flnd-
Ings, OSHA belleves thai it 1s appro-

priate that the questlons In the medi-—terval tests) (ORC/Jandl, P-C- 34, pp, °

cal history relating hemopglgbinopeth-
ies and a family history of malignant
blood diseases remaln In the standard

Battle recommended that the health
history also Include questions concern-
Ing possible exposure to marrow
toxins, such a3 the use of insecticides
and volatile clezning agents in the
home (P.C. 26C), Bince exposure to
these types of agents may have signifi-.
cant Impact on the blood picture of ex-
amined workers, queries regarding ex-
posure to other marrow toxins both In

. And.outside .of the work-environment
“have beeri added to the history re-

quirementas.
The Initlal laboratory examination
requires that a serles of classical blood

6955

tests and rlso messurements of serum
billrubin and reticulocyte ecount he
periormed. As noted, there is no con-
sistent pattern of blood abnormalities
resuliing from benzene exposure. Var-
ipus Investigations claim that the ear-
llest slgn of benzene hematotoxiclty ix
anemia or leukopenin, or changes in
red cell indices. Some belleve that red
cell enlargement (macroecytosis) (Gold-
steln, Ex. 15; Goldwater, Ex. 140) or an
absolute lymphopenia (Goldstein) may
be suggestive of early marrow damage.
(Occasional observations of a paradox.
ical hypercellnlarity in response to
benzene exposure have been reported,
e.g., by Aksoy; however, the basic he-
matological worknap should detect this
pa.rbicu.la.r response)l.

An examination of the record dem-
onstrates thrt there Is general agree-
ment that the Iollowing laboratory he-

matologieal tests shonld be part of an

initial or baseline exemination:

(1) Red Cell count

{b) White Cell count

{c) Hematocrit -

{d) Hemoglobin - N

(2) MCV—(mesn eorpugcular voltime)

) MCH—~(mean corpuscular hemoglobin)

() MCHC—(mean cell hemog]o'bin concen-
tration)

These tests are routinely performed in
most blood examinations; thhey provide
basfe Information about all three
blood cell lines. The normal values are
well known, and the tests are usually
automated with the attendant benefits
of being highly reproducible 2nd accu-
rate

fo(erentm.l counts of white bfood .

cells, also required by the standard,
are not. amepable to automation and
are therefore performed xoanuelly
under microscopic examination by
tralned technicians. Batile commented
that white blood cell conmats are no
longer performed on a routine basis in
his clinie and that such arn assay is
usually only performed In response to
sbnornal cell counts (P.C. 26C). How-
ever, other commentators have recom-
mended the Inclusion of a Alfferential
count as part of a basic hematologle
examination (both the initial snd in-

46-51, Goldsteln Ex. 75). In sddition to
providing Information on t.he relative
rumber of varlous white cell types,
the differentisl count provides an op-
portunity to observe aberramt cellular
morphology and to note ey unusuzl
proportions of Immature cells. Jand
feels that scanning of the slide by a
tralned techniclan for these types of
findings Is of the utmost irmportence
(ORC/Jandl, P.C. 34, p. 45). For the
above ressons, & differentinl count isa
required pert of the laboratory examl-

.nation. In:addition Lo ihe basic Iibora-

tory tests, serum billrubin arnd reticu-
locyte counts must also be dome in the
initial laboratory exam. 'These tests
may provide Information Indlcative of
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hemolytic states and other abnormall-
tles. Because of the non-specificity of
these two assays relatlve to benzene
toxicity, the time-consuming nature
and instablity of the retlculocyte
preparations, these particular tests
were the object of much comment and
criticlsm. Several commentators stated
that although these tests were of little
value on a routine basis, they should
be made part of a preplacement or ba-
seline exom (Com. 28, 72). Based on a
review of this issue, OSHA belleves
that these two perticular blood exami-
nations should be Incluided as a part of
Lhe initial laborstory tests only, to
provide & more comprehensive picture
of a worker's hematological profile, for
possible ]zter comparative purposes.
Beveral hematologists stressed the
Importance of obtalning pre-exposure
data 85 a baseline against which latter
comparisons could ‘be made (ORC/
Jandl, P.C. 34, p. 36; Battle, P.C. 28C;
Goldstein Ex. 75, p. §). The iniiial

exam requirement of the standard ap- .

plies to both employees already ex-
posed to benzene at or sbove the
action level as well as to new or reas-
signed employees who may be exposed
it or. above the action level In the
first case, the blood data obtained is
not, of course, B true non-exposed ba-
seline, but may be useful at a later.
date should significant changes In
bleod values occur, In sddition, sinee
the standard requires that an initlal
laboratory exam be performed for all
pew or reassigned employees prior to
their actual exposure to benzene at or
abnve the scilon level, pre-exposure
baseline data will graduoally become In-
creasingly available In the years subse-
guent bto promulgation of this stan-
dard.

As an aid to physicians for compar-
Ing the results of the most recent
blood testlng with early date, the re-
cordkeeping paragraph requires that,
ai the completion of the differential
count, the sllde of a peripheral blood
smear be made permanent and stored
for “possible future reference. Reten-
tion of the slide allows the examining
physician to dlrectly compare the
most recent findings-with earlier ones,
especially with respect to possible
changes In morpholeogy of the blood
cells; counting data alone would not
permit this type of comparison.

Doc Chemical suggested that kidney
and liver functlon testsshould be per-
formed as & part of the preplacement
examination (Tr. 2567), OSHA recog-
nizes that these laboratory examina-
tions may identify conditions indica-
tive of an Impalred abllity to detoxlty
benzene. However, glven the low per-
missible exposure limit mandated by

this standard, OSHA concluded that
‘réqulremenit of thése tésts would be

excessively burdensome. In this
regard, Goldstein testified that he saw
no value to incorporate these tests (Tr.
380).

FEDERAL
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PrrIopic EXAMINATION

The medical survelllance section re-
quires that a brlef updsated history he
taken semiannally at the time of one
of the blood examinatlons. Battle sug-
gested that such a history inelude que-
ries as to exposure to drugs or chemi-
cals 85 well as recent [lnesses since
the last history (P.C. 28C). Because
these agents may act to adversely

© affect the hematopoletle system and

may be reflected In the blood plcture,
OSHA agrees with these particular
suggestions and has Incorporated all
of them into the requirements for the
interval history. .

The periodic laboratory tests are
simflar to those specified for the Inl-
tial exam, except that serum bilirubin
and retienlocyte assays are deleted
since, a5 stated above, the two assays
rre required only in establishing a ba-
seline, Comments recelved by OSHA
concerning the frequency ol Interval
blood examination ranged from gquar.
terly {ORC, P.C. 34, p. 1}; Tr. 3382, IrT.
270) to 3 times 8 year (Com. 28; Tr.
3328; Batlle, P.C, 260), semiannually,
(Tr. 3138) to those who fel} the fre-
guency should In some manner vary

to the exposure level (e.g.,
Tr. 2965, 6-10, 6-37, 647, 6-84, 6-78,
41-3, 41-19), Dow expressed the view
that the frequency should be the decl-
slon of the responsible physiclan and
related to the medical condition of the
employee and the environmental con-
trol of the specific work area (Tr,

' 2865). As detalled previously, there is

insufficient information In the record
to allow a precise determination of op-
timum ¢ Irequency.
pletely rellable Informasation exlsts on
the pumber of months which elapse
between the Iirst leboratory slgns of &
blood-disorder and the onset of clinieal
disease or whalt effect a particular
time delay has on therapeutic out.
come. There 1s no reason for casusal.
ness sabout the testlng JIrequency
though, since even if m» blood change
were o progress steadfly downhil,
early delection and treatment may
provide substantlal benelfit. It s

No com-.

tional laboratory testas shounld be given

. if an abnormal count becomes man{-3
fest or significant changes ocour rela™%§

tive to basellne velues (NPRA, Tr

3325-3331; AISI, Tr. 3263-64; ARcog

Industry participant testlfled that it
was alrendy the practice at his compa-

P.C. 32C). With respect to ftem (1), an g

ny to refer workers to hematology spe. Zi:
clalists if blood abnormallties are dis-*¥
covered (Joymer, Tr. 2286-87), mnd 3%

Dow remarked that they discnssed ab-

normal blood findings of workers with 3
3021). Also~?
Arco commented that, If abnormal’
condltions arise among its employees :

the hematologists- ¢TT.

exposed to benzene, follow-up exami-

nations are gliven and medieal treat-*
ment performéd untd blood tesis:
reveal values within the normal range ;
(P.C. 32C). Also, Dow disclosed that, ©

for Itz imployee exposed to benzene,

an increased medical surveillence pro- *

gram would resilt if eonditions such

83 an undisgnosed anemia or leukocy- -3y -
2984-8b). . 3¢

tosis were detected (Tr.
Sakol hes noted that ineffective and

Inappropriate medical treatment was -

given to workers apparently suffering
hemstological disorders from benzene -i§
evolved 34

exposure which wmtimately
into 8 frank leukemin (Tr, 303). This
incldent further Musirates the need
Ior = specialist’s evaluation, if abnor.
malities are detected. - -

Aguin It should be emphasized that
the guestion of what constitutes the
earliest laboratory evidence of chronlc
benzene toxicity Is pot known with
certalnty (ORC/Battle, P.C, 26C, p. 3).
It is known that the level of a1l 3 blodd
.cell Ulnes may be varjously affected by
exposure. However, examination of
the benzene Hterature reveals that the

bematological boundaries of what is .

considered “normal” have  varied.
More recent tabulatlon of normal
ranges ere those published by NIOSH
(Ex. 2-2, p, 136): Wintrobe (J3x. 2-107,
p. 1791, 1794, 1795) and those submit-
ted by Jandl (ORC/Jand), PC 34, p,
28), The normsl range of hematologi-
cal velucs presented generally nagree
quite well, especlally those given by

O8HA's judgement, [ollowlng exami- _Jandl and Wintrobe. It 1s OSELA’s con-

netion of the varlous optlons available,
that a six month interval between rou-
tine blood examinations is appropri-
ste. ’

The standard contalns a provision,
applicable to both the initial, periodic
and emergency exarns, requiring that
employees’ abnormal test results must
be referred to a hematologist for fur-
ther evalustion should certain speci-
‘fled warnlng slgns eppear, This provi-
slon, which was not a part of the pro-
posal, {5 In response to recommenda-
Alons_that: (1) A hemstologist be in.
‘¢luded In some manfier in the medical

- survelllence  program (ORC/Jand],
P.C. 34% (2) specific quantitative
guidellnes Including ranges (Ex. 6-60)
be given physiclans and; {3) that sddi.

—cluslon that laboratory —findings
beyond these ranges must require ad-
ditional evaluation by a blood special-
Ist. In speclfylng the values beyond
which fIndings are considered abnor-
mal, OSHA utllized the yalues In the
sbove citations to yield the widest
range {(often the range Umits do not
exactly colncide) in order to rminimize
the burden on the employer i1y border-
lne cases. . .

FHowever, a3 Nustrated by (Goldstein,
it may be possible for some individnals

-to experience a slgnificant hemnatologi-
cil response to ‘bénzene exposure and
ret exhibit blood values within the
range normai for the populatlon as a
whole (Goldstein, Tr. 356). To Identify
such workers for referral to & hema-
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tologist, the standard’also includes as
8 trigger, an allowable deviation figure
{or cerfeln Indlcles, relatlve to an earli-
er determined value, The advantage of
this approsch is that the individusl
acts 25 hls own control. As eerly as
1928, Greenberg in recommending cri-
teria Jlor exclusion of workers from
further benzene exposure, utilized as
one of hi eriteria changes in the

previous examination of indilvidual
employees. He recommended » deter-
mined yalue ol a 25% decline In red
and white cell levels. The red cell
count. hemoglobin and platelet count
are generally very stable Indicles and
usually do not vary in Individual cases
by more than +10% from baseline
values. OSHA believes that a deviation
of 16% bor more in these Indicles
compared to the laboratory findings
obtained in the most recent test s of
sufficlent concern to require the atten-
tlon of a speclalist. As white cell
counts commonly exhibit greater vari-
stion, 8 percentage deviation trigger
would be too restrictive and Is there-
fore pot included in the standard. In
Heu of a percentage deviation, limi

of normal ranges are prescribed.. -

. EMERGENCY DITUATIONS _ - -

The emergency medicel surveillance
provisions reflect OSHA's concern for
those employees normally subject to
low =average exposures but who, be-
cause of egulpment breakdown or
other causes, may be exposed to mas-
slve doses of. benzene. These workers
may be at a relatively high risk for de-
veloping adverse hemsiological ef-
fects. - Y . .

If B worker 1s exposed to a massive
release of benzene, the employer must
provide for ench Individual so0 exposed
a urinary phenol assay st the end of
the work shift in which the emergency
ocenrred. I the results of such a test
corrected to a speclfic gravity of 1.024
gre less than 75 mg/l, no further test-
ing s required. However, If & urinary
phenol result is greater than 75 mg/l,
Indicating an average exposure above
10 ppm (Watts, Bx. 2-109), then a com-
plete blood count including a differen-
{ial count must be performed =S soon
as practicable.

If the red blood cell or platelet count
or hemoglobin differ more thah £15%
{from the most recent prior exam's
findings, the worker’s test results shall
be referred to & hematologist for addi-
tional evaluatjon. Also, II the levels of
the three formed elements lie outside
of the prescribed ranges further evalu-
ation by a hematologlist shall be re-
quired. .

The use of a urlnary phenol assay to

.determine whether additions] tests are

" “Indicated for workers exposed to high
concentrations of benzene ls supported
by evidence In the record. The Sun Of1
Company reported that special uri-

blood picture based on resulls from

RULES AND REGULATIONS

pary phenol screening tests are pre-
seribed for sll persons when 10 ppm
exposure levels are suspected (Ex.
TP : '

For all types of medical examins-
tions, the employer is required to pro-
vide the physician with certain infor-
mation. This Information includes a
copy of the reguletion, a description of
the rffected employee’s dutles as they
relate to the employee's exposure, the
resnlte of the employee’s exposure
measurement, if any, or the employ-
ee’s anticipated or estlmated exposure
level, 8 deseription of any personsal
protective equipment used or to be
used, and information from previous
medical exeminations of the affected
employee to the extent that it 15 not
readily avaiiabie to the physician. The
purpose in making this Information
avallable to the physician is to aid in
the evaluation of the employee's fit-
ness to work in aress in which the ex-
posure s at or greater than the action
level. It should be noted that the stan-
dard does not require that a copy of
the regulation be given to the physi-
clan for each employee. One copy
would be suificient, provided the em-
ployer informs the physiclan which:
amployees arg covered by this stan-
dard. Information that relates to indi-
vidual employees or categories of em-
ployees (such us bthe description of job
duties) need be transmitted to’ the’
physician only once, unless, for exam-
ple, the dutlés change. Exposure mes-
surements will be cumulative 50 that
the results of each monitoring since
the last examination are to be sent to
the physician. However, since sam-
pling may be done on a representative
basis, the langusge of the standaerd re-
quires the physician to be glven either
the employee’s actusl exposure mes-
surements, if available, or the estimat-
ed level .

Several criticisms and snggeste
changes, discussed below, were also re- -
celved by OSHA In regard to parsa-
graph (IX6) of the proposed medical
survelllance requirements. In the ifinal-
standard, the employer is reqguired to
obtaln a written oplnion from the ex-
amining physiclan vcontaining: the
physician's opinion as to whether the
employee hay eny detected medical
conditions which would place the em-
ployee &t an Increased risk of material
tropeirment of health from exposure
to benzene, the results of the medical
tests performed, and any recommend-
ed limitations upon the employee's’ ex-
posure to benzene and upon the use of

‘protective clothing and equlpment

such a5 respirators. This written opin-
{on must not reveal specific findings or
disgnoses unrelated to occupatlonsal
-exposure, and .a.copy.-of the :oplnlon
must be provided to the affected em-
ployee. '

Dow Chemlcal expressed the oplnion
that the potification requirements
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were overly burdensome and that the
physician should be required to notify
the employer and the employee only
for the following reasons: Evidence of
benzene toxiclty, recommended limlita-
tlons on worker exposure to benzene
for any reeson, or a2 health condition
that precludes the use of protective
clothing and equipment. (Tr. 2968).
The Rubber Manufaecturer's Associ-
ation offered the comment thaet the
physician's written opinlon should be
supplied to the employee only If re-
quesied (Ex. 8-59, p. 5), Cne commen-
tator cantioned that becanse of male
practice consideraiionx, = physician
might be reluctant to slgm such an
opinion (Nationrl Palnt and Coatings
Assoclation, Inc, (NPCA, Fix. 41-14, p.
i5). Also because of malpractice con-
siderations, the American Iron and
Steel Institute recommend that this
section be deleted (P.C. 36, p. 10D).
ORC suggested language changes for
this physician's opinion requirement
{ORC, P.C. 34, p. 11, Bx. 6-76, p. 11).-
The NPCA also warned ithat unless
the physician’s opinion paragraph was
altered, denial of clesrance for many
prospective employees may result (Ex.
41-14, p. 15), There was also comment
concerning with whom the doctor's
opinion should be shared. ORC fell

.that any medical finding=s or diagnoses

should be kept strictly confidential be-
tween the warker and the examining
physicien (P.C. 34, p. 11; Com. 16). Fi- |
nally, » suggestion was recelved ifrom
Industry that paragraph  (1)(6)1)
which Nmits the physician®s opinion to
specific findings and dingnoses related
only to occupational exposure should
be deleted on the basis that the em-
ployer has a right to know LI there are
any reasons related to work or not,
that might have an mdverse effect
upon en employee or may possibly
Jeopardlze fellow workers. (American
Coke and Cozl Chemicals Instltute,
Fx. 176, p. 9. .

The purpose in requiring that specll-
ic findings or dirgnoses umnrelated to
occupatonal exposure not be included
in the writien opinlon Is to encourzge
employees to submit to I edical exami-
nation by removing the fear that.em-
ployers may find out Iinformstlon
about their physicel condition that

.has no relation to cccupational expo-

sures.

The purpose in requiring the exam-
ining physiclan to supply & written
opinion containlng the gBbove men-
tioned analyses is to provide the em-
ployer with & medica] basls o sld In
the determination of nitial placement
and to provide Informa tion ©n & con-
tinuing bssls concernimg whether or
not the worker Is at Increased riskas a

result .of his/her benzene -€XpoSure.

Requiring that the opinlon be in writ-
ten form will serve as =ax1 oblectlve
check that the employers have actual-
Iy had the benefit of the irformation
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in making these determlinatlons. Like-
wise, the requirement that the em-
ployee be provided with 2 copy of the
phasician’s written oplnion will assure
that the employee is informed of the
result of the medical exam and may’
take appropriate action. Com_ments
suegrsting that the physlclan’s’ opin-
1on be communicated ornly I there are
problems or only upon request are not
accepiable to OSHA on the basis that
the employer has the ultimate respon-
sibihty 1o assure the protection of the
worker's health. Where the findings
are negative, transmittal of the doe-
tor's oplnion also provides necessary
information to both parties that the
employee's health has npot been ad-
versely nffected and provides docu-
mentary evidence that the prescribed
tests were performed and were evalu-
ated.

Other aspects of paragraph (1) of the
medieal survelllance section are to be
discussed under Recordkeeping, para-
graph (1).

MANDATORY REMOVAL AND RATE
RETENTION

Among the issues in the benzene ru-
lemeking were whether OSHA should
tnclude a mandatory removal require-
ment—that is, a provision prohibiting
the exposure of an employee to ben-
zene if the employes woald be pleced
at incressed risk of material lmpeir-
ment to health because of such expo-
sure, and whether OSHA should In-
clude & rate retention provislon—that
is, a provision requiring the transfer of
such employee to another job or pro-
viding that removsl for medical rea.
sons should not result in loss of earn-
ings or seniority status to the effected
employee. These fssues, as OSHA has
previously stated (41 FR 46780), are
related and must be addressed togeth-
er. Both employee and Industry par-
ticipents expressed thelr views as to
several aspects of these Issues in pre-
hearing comrments, in testimony
during the hearing and in post hearing
arguments. Subsequent to the close of
the record in this proceeding, however,
OSHA conducted an informal public
hearing on meandatory removal and
rate retention for workers éxposed to
lead as part of the rulemaking pro-
ceeding on lead. Conslderstlon of the
critical issue of medical removal pro-
teclion is being undertaken for several
pending standards together. Once this
consideretion 1s completed, OSHA will
consider the extent to which the con-
clusions on medical removal protection
are appropriste for benzene and will
propose the Inclusion of those provi-
sions in the benzepe standard. The
fins}-standsrd -published today; there-
fore, does not address the issues of
mandatory removel and medleal re-
moval protection.

Employee Infjormalion and Train-
ing: Paragreph (). The standard rve-
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quires each employer to provide train-

ing to each of hls employees who is or
may be exposed Lo benzens. The need
to train employees was not disputed
by participants In the rulemaking pro-
ceeding. Some comments, however,
suggested limiting the training to cer-
tain employees. One industry com-
ment requested that workers in closed
system operatlons be excluded from
training (Com. 47). Testimony ai the
hearing, however, revealed that lea-
kages in closed systems are not unusu-
al occurrences and that employee ex-
posure during leaks can reach high
levels. One comment suggested the ex-
clusion of workers in open system op-
erations where the benzene content is
1 percent or less (Com. 47). However,
ss stated above, it has been estab-
lished that a consistent predictable re-
1ationship between the amount of ben-
zene In 8 mixture and exposure levels
does not exist and this suggestion has,
therefore, been rejected. Another com-
ment suggested the exclusion of labo-
ratory personnel from training re-
gulrernents on the ground that labora-
tory persormel have a good under-
standing. of the hazardous nature of
benzene (Com. 70). A laboratory tech-
niclan, however, testifled that during
his slx years working with many toxle

* chemicals, including benzene, he re-

celved no training (Tr. 3493) and
indeed neither he nor his coworkers
were aware of the fact that there was
an OSHA standard limiting exposure
to benzene (Tr. 3:192), Information and
training are essential for the protec-
tfon of an employee. Each employee

can do much to protect himself if he is

fully informed of the hazards in his
workplace and the protective equip-
ment he should use. Furthermore,
each employee, who 5 fully Informed
of the obligations which the standard
imposes upon the employer, can deter-
mine I he is working In a safe and
healthful enviropment. For the rea-
sons stated hereln, OSHA belleves
that training must be provided to all
employees In workplaces where ben-
zene is present. .

A trade assoclation; while-noet-disput-
Ing the need for trailng, suggested
that employee training not be includ-
ed In the benzene standerd but awalt
development of a1 comprehensive em-
ployee Information snd tralning stan-
dard bansed on thé report of the Advi-
sory Commlttee on Hazardous Materi-
als Labeling and/or NIOSH's criteria
document entitled "A Recommended
Stendard * * °,

An Identiflcation Bystem for Occu-

pationally Hzzardous Materials” (L.C.
14), OSHA deems It necessary for the

“protection -of the-health-of-employees:

to include the tralning requirements
in the benzene slandard at this tims.
The standard specifles the contents
of the tralning program. The Informa-
tlon whlch must be Imparted to the

* kemia (TT. 3183).

il
employee must include the nature 3
benzene related health problems, the
necessity for exposure eontrol, and the™$#%
purposes of medical purvelllance andZ
respiratory protections.
panta oblected to any of these items 4%’
Two participants suggested that em-"#-
ployees should nlso be tralned In73
“early symptom dlagnosls to detect iz
acute leukemis” (Ex. Dow Vensable“:
statement, pg. 3; Tr. 3192; Bx. 154; Tr
2863-3056). These partlcipants, hower
er, testified that the most common®
manifestations of acuie leukemia are”
fatigue and nosebieeds and that these
symptoms are not speclic to acute leu

The signs rnd symptoms of benzene-:
induced diseasex are described In con--
siderable detall In Appendix A and Ap-
pendix C, Both the propesed standard .
and the final standard specifically re- i
quire that the employees be Informed, <
smang other things, of the informa-
tion contalned in Appendix A and Ap-
pendix C. (In this connection, the em- 3
ployee should be instructed to report 53

promptly the development of any of = -

these symptoms which could be atirib- 3
uted {0 benzene exposure.) In view of
the reguirement to include the infor-
maton contalned In the appendices Bs
part of tpe training program, an add!- 3
tionsl requirement ob early symptom :
diagnosis would be redundant. Similar- .
1y, since ‘Appendix B details the vola- *
tility of benzene, OSHA has nnt adopt-
ed NIOSH's suggestion (Baler state-
ment, Ex. 84A p. 11) that the standard -
further emphasize training on the
flammability of benzene. - .

In addition to Informing employees,
the standard requires that the employ-
er make avallable to his employees a
copy of the standard and its appendi-
ces. This requirement Is intended to
assure that employees understand
thelr rights and duties under the stan-
dard. .

. A public participant suggested that
employers be required to hold classes
for the training of each employee. (Ex.
183 p. 5) OSHA has not included any
specific requirement to this eifect in°
the final standard, preferring to lesve
the manner of-training up to the indl-
vidual employers. Some employers will™
peed to train individuals on a one-to-
one basis, depending on the number of
smployees at a particular workplace or
Involved In particular operations Em-
ployers with a few employees may find
it burdensome or disruptive of work
schedules- to conduct training in, class
sessions. .

The employer s also required to pro-
vide, upon request, sl materials relat-
ed to the tralning progmm to thhe Sec-
retary and the Director. This requlre-
ment-1s:-intended :te provide an :oblec-
tlve check of compliance with the con-
tent requirements of the training pro-

Fram.
The standard requires that tralning-
of .employees be conducted within

10, 1978
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ninety duys of the effectlve date,
Newly nsigned employees must be
tralned st the time of initial essign-,
ment The standard further requires
that triinlng be repeated annusally.
Theses requirements were not explicit-
iy in the proposed standard, however,
they are consbstent with OSHA's
policy on tnining (see, Coke Ovens
Emissions Standard) and have been In-
cluded in the final standard to assure
that employess are tralned promptly
and recelve contlnuing eduecation es-
sential to the protection of their
health A

Srons and Lade'y parapraph k& The
requirements of the standard regard-
{ing the posting of warning slgns and
alxing czution labels remain primar-
{ly the mame 15 those In the proposal
with some dilference in the legend of
these signs and habels. These require-
ments wre consistent with zection
8(bX7) of the Act which prescribes the
use of labels or other appropriate
{forms of waming to apprise employees
of Lhe harards to which they are ex-
posed.

Signs. The standard requires the
posting of warning signs in regulated
areax, Some industry comments ob-
Jecled to this requirement on the
ground that the tralning requirements
of the standard are sufficient for in-
formling employeés of the hazards of
benzene (Com. 28). In light of the serl-
ous nature of the hazard of exposure
to benzene, OSHA does not agree. Not
every employee will have completed
his training before entering an mrea of
operaltion where the exposure to ben-
zene Is over the permissible exposure

Jevel. Moreover, even trained employ-
ees will need to be reminded of the lo-
cations and the dangers of entering
these areas, Additionally, other work-
ers, such as employees of Independent
malntenance contractors who are aw-
thorized to enter particular regulated
areas, need to be warned of the hazard
and reminded to use protective eguip-
ment. OSHA, therefore, belleves that
both signs and tralning are necessary
to adequately apprise employees of
the hazardsof benzene. ¢

Other comments requested that lab-
oratories be exempted from the sign
requirements {(Com. 70) on the ground
that lsboratory personnel are familiar
with the hazards (Com. 20) and be-
cause there are Already too many
other hazardous substances in these
work places (Com. 28) for which signs
are posted (Com. 37).-One comment
expressed the view that there is no
hazard from exposure to benzene In
laboratorles or other physical areas
where the content of benzene In the
mixture used Is smaall (Com. 63, §3) or

-where ‘benzenz‘is “used “infreqoently
(Com. 10). As stated above, there is no
established copsistent predictable rela-
tionship between the emount ol ben-
zene and the exposure level, nor does

FEDERAL
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Infrequency ol use eliminste the
hazard, Signs are required by the stan-
dard only In regulated aress where, by

out (Com. 60). One comment pointed
out that the slgh requirements do not
warn of other serions healthh hazards
definition, the exposure Is above the the! may result from exposure to ben-
permissible exposure limit. Further- zene. Addition of the verious other
more, ns stated above, OSHA bellevex hezlth hazards would Increase the
that training in hazards sione is not wording on the slgn with the lkely
suificent to Inform employees of the result of detracting from the cancer
potentlial health hazards of entering werning. The reference to the most se-
or working in a regulated ares and the rious hazsrd is, In OSHA's view, & sui-
need for the use of protective equip- 1flelent alert to employees that enter-

ment. ing the regulated area may be hazard-
Since warning the employees is nec- ous Bome comments objected to the
essary, the standard explicitly pro- use of the term “Cancer Hazard”

vides that the employer must assure

{Com. 26) on the ground that it would
that nothing which detracts from the

only serve tb unduly alarm employees
required information appears near. or (Corn. 2B, 50). One comment suggested
on the slgn. Laboratory and other em- “Cancer Suspect Agent” be used io
ployers who have other signs posted in - conform with 28 CFR 1810.1017 which
the regulated ares, therefore, have the regulates occupational exposures to
‘responsibility for meeting this require-  vinyl chloride. Since exposiuire to ben-
ment. R . zene creates nn increased risk of lenke-
Another comment pointed out that mia, and since leukemla is cancer of
slgns would be required even where' the bloed, OSHA does not believe thet
benzene was in 8 ciosed system regard- the hazard is overstated by the use of
less of lack of employee exposure the term “Cancer Hazard.”> Nor has
(Com. 65). This comment appears to OSHA adopted the sngegestion that
overlook the fact thet slgns would be the word “Lenkemis” replace the word
required only in those aress where em- _“'Cancer” (Com. 76). While™ the term
ployee exposure is over the permissi- ‘“Lenkem!a” 15 more specific of the
ble exposure Umit and that, if there is  patore of the hazard, “Cancer” is the
no benzepe exposure from the closed more “familiar term and thus more
systern, no sign is required. This same readily alerts the employee.
comment suggested that signs womld Another comment (Com. 68) suggest-
be required where benzene was in 2 ed that the word "“Caution”” be substi-
sealed contalner. Since there Is no ex-"" tuted for “Danger” to conform to 29
posure to employees when benzene 5 CFR 1910.145 (c)1) and (2) which pro-
In sepled containers, the standard vide that danger signs should be used
exemp's senled Intact containers from only where an Immediate hazard
all requirements but the labelling and exists, and cauntion slgns used only to
training requirements; hence slgns  warn agalnst poisntial hazards or to
would not be required in areas where caution against unsafe practices. The
benzene is present sclely in sesled suggestion was based on the ~view that
intact containers. Another comment OSHA falled to show that there exists
suggested climination of sign posting a cause-effect relationship between
requirements for gasoline products employee exposure to benzeme concen-
(Com. 55). Since benzene is present In  trations below 10 ppm. In view of the
gasoline there is, of course, a benzene epldemiological evidence of tlae human
hazard attendant to exposure to gaso- carcinogenicity of benzerme, OSHA
llne, However, sampling daia Indicates feels thet the use of the word

that exposure to benzene Is usually “Danger” is eppropriate. Fuxrthermore,
below 1 ppm., which would, in such the word “Danger” is used to attract
cases, obviate the need for signs, the attention of workers, to alert
The standard specifies the wording workers to the fact that they are ln a
of the signs. The purpose of this provi- hazardous ares, le. an area where the
slon is $o-mssure that the proper warm-—permissible exposure limit 1s exceeded,
ing is-glven-to-employees. Some par- and to emphasize the impoTtance 6f
ticipants suggested that the word the message to follow, The wuse of the
»Cancer” be replaced by "Lenkemia word danger s consistemt Wwith the
Buspect Agent” (AISI], Princ. Wit, Ex. - Coke Ovens Emissions Standard and
156, Tab I, p. 34; PC 36; AISI brief, p. other recent health standards.
108; PC 35; MCA brief pp. 103-5, Com. Two comments objected 1o the
39). In view of the fact that it has legend "Respirator Requirecl”” pointing
been established that benzene actually out that respirators are not always re-
Induces leukemis, OSHA does not quired In reguwlated areas. "I'F1e Ierson
agree that “Leukemla Suspect Agent” given was that, although tIhre concen-
sdequately Informs employees of the tratlon within a regulated mrez will be
hazard. For the same reason, OSHA above 1 ppm, the employee ¥o0uld not
has not adopted the snuggestion of an-, have to use & Tespirator if .S 8-hour
“other “comment ‘thit the §lgn merely “TWA’ were below 1 ppm #rad his 15
warn of the precence of breathing minute celling Is below 5 pPm (Com.
zone vApors which “may” be hazard- 48, 59). OSHA recognizes tIhat some
ous, the need to wenr respirators and employees entering regul=ted areas
that uneuthorized persons should stay may no! be exposed above tlre permis.
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1bir rxposure 1imit. It is Ukely, how-
Firr that there will be many employ-
ers whu work in the regulated aresas
for swh periods of time or ab such
lrirh of eapoaure that they would
w1thwut respirators be exposed to well
abane the permissible exposure Umit,
't 1tuw laller group, respirators
would br required bto reduce thelr ex-
posare -irls To assure that these em-
ploy res arr adegualely protected, It Is
necrasary thal the sign alert them to
the bred to wear respirators. More-
oser 1w eyen persons who are Ina
reyulatrd area occasionally and are
not +1posed over the permissible expo-
sure limis may face an increased risk
5! leurrmin. OSHA does not believe
Lthat thr respirator warning is such an
overstatement as to necessitate ellmi-
nation of that warning from the sign.

One comment pointed out that the
warning sign lenores the flammability
ol benzene (Com. 50). NIOSH also rec-
ommended that the potentlal danger
for fire be displayed on signs with
cqual prominence with the toxicologi-
cal hazards. (Tr. 755) OBHA =agrees.
Benzene, as has been stated, i a
highly fNammable liquid Accordingly,
In the final standard, OSHA has added
» requirement that the signs slso con-
tain the legend “Flammable—No
Bmoking” with equal prominence to
the legend "Cancer Hazard.” .

Labelz. The standard requires the
use of caution labels on all contalners
of products contalning any amount of
benzene. This requirement [mposes
upon the employer the obligation to
assure that zll such containers within
hix workplace sre at 811 times properly
iabeled. Some industry comments re-
quested that OSHA define “container”
{Com. 46, 55, 65) in terms of slzes and
1ypes ol contslners (Com. §3; Com.
72). Participants also eppeared fo be
confused as to whether storage tanks,
pipelines, tank cars and tank trucks
sre such containers as would be re-
guire labellng (Com, 60). The purpose
of the labellng rcquircment is to
assure that, wherever benzene is pre-
sent In any guantity, employees are
apprised ofthe—hazard: The size or
type of the container or its use as a
stotage vessel s, therefore, not materi-
al to this ocbjective. In Imposing the la-
beling requirement, however, OSHA
does not Intend to include pipelines, or
to include trucks or other vessels
transporting benzene products In
sealed contalners. At many points of
pipelnes, there is no employee expo-
sure nor can the point at which ben-
zene enters a pYoduct stream often be
determined. Benzene in laquid mix-
tures, other than in gasollne, is often
trahsporied “in “‘closed containers, in
which case Jabellng of the contalner Is
sufficient without a need (or labeling
the transport vehlicle. Where benzene
products not in containers are trans-
ported in barges or other tank vessels,
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such a5 tankers and tank trocks, it Is,
of course, necessary that the vessel be
labeled. With regard to gasoline, the
standard does not cover actlvities past
the bulk terminal and, therefore, gaso-
line trucks would not require labelling.
In view of the above, Lhe standard spe-
cifically excludes from the labeling re-
quirements pipelines and any trans-
port vessels or vehicles where the ben-
gene product is transported In sealed
containers.

.Some participants suggested that
the labellng requirements apply only
to contziners which have llqulds with
greater than 1% benzene (Com. 53,
72), It was alsp suggested that labels
be affixed only to contalners from
which exposure to benzene levels
above the permissible exposure limit
might be reasonably expected to occur
50 a3 to exclude a requirement to label
{inished produets which might contain
trace amounts of benzene (Com. §8).
Since there Iz no nown safe level of
pxposure to benzene, OSHA feels that,
for employees to be adequately ap-
prised of the hazard, all contsiners

_must be labeled in the same manner.

The standard requires that the cau-
tion labels remain affixed when ben-
zene products leave the employer's
workplece, Some comments questibned
OSHA’s jurisdictlon to impose such &
requirement. (Com. 50, 55, 59). The
purpose of this requirement is to
assure that all employees, Dot only
those of a particular employer, are ap-
prised of the hazardous nature of-ben-
zene exposure. I 18 OSHA’s view that
informing employees of the hazrrds to
which they are exposed is an. Impor-
tant element In reducing occupational
disease and injury and one of the sig-
nificant purposes of the Occupational
Safety and Health Act. Bection 6(bXT)
of the Act, which explicitly provides
for regulation requiring the use of
labels or other appropriate forms of
warning to apprise employees of the
hazerds to which they mre exposed, Is
broodly drawn. Thiz gection does not
Uimit the employer’s obligation of in-
forming employees of hazardous con-
ditions to the employer's own employ-

ee. When sn employer manufactures,-

{ormulates or sells a product contain-
ing a toxle substance, that employer is
exposing not only his own employees
but also the employees of other em-
ployers involved in bhandling, trans-
portlng or using the product. The
extent of the obligatlon to Inform
should be commensurate with the
extent of the exposure. This Is espe-
clally true where the manufacturer,
{ormulator or seller will in many cases
be the only employer capsable, through

“his urilqueknowleédge, of providing the

Information needed for protection of
employees. A parrower reading of the

. statutory suthority would defeat the

protective purposes of the Act by
withholding from embployees down the

. ticlpants _that

llne who come Into sny contact
the product, adequate Information

g
to the hazard. Furthermore, the use’of’

‘the labels will alert other employe

who would not otherwise know of the 7,

presence of benzene in their work- %%

place, of their obligation to comply ¥+ :

with the standard. OSHA, therefgre, 234

feels that this requirement s neces-ri&
_ sary and sppropriate to effectuate the

purposes of the Act. . . X
The standard prescribes the legend,

that must be Included on the label™
This Is to assure that employees are’

alerted to the fact that they are han-
dling benzene and ‘to the haeard I3
volved. The record evidence estab-:

lishes that a varlety of code namesk
have been used Ior benzene (Exx 81,7
Bakol) and that employers (Tr. 3383;:

3518), workers (Tr. 3402) and physl-.

clans (Tr. 305-8) often do nmot ¥xnow
that the produot contains benzene.?
that >
labels state the percentage of benzene

Bome participants suggested

4

In the product (Comy 58, 21, 59). In %

prder to keep the label information o

2 minimum and since there is no con- 3
slstent predictable relationsbhip be- .3
tween the amount of benzene 1in the

product and the percentage level, the
final standard does not require any
such statement on the label: L
Recordkeeping and reporting. The
provisions for recordkeeping, report-
ing, avallability of records and the
transfer of records are similar to those
In the proposal. Such changes as have
been made in thé fInal standard are in
response (o the request of public-par-
OSHA_ reduce the

-

‘b

burden imposed by these types of re-”
guirements. These provisions imple-
ment the requirements of section
B(c)(1) =nd (3) of the Act, and are con-
slstent with OSHA's general policy
concerning records and reports.

EKecords: paragraph (1) The standard
requlres a limited amount of Tecord-
keeping. Employers must maintain ex-
posure measurement records &nd
medlcal records.

The need for keeping these records
was generally accepted by the particl-

.. pants In the benzene rulemaking. The

common purposes of these recordkeep-
ing requirements is to assure the em-
ployer's complance with the control
measures designed for the protection
of his employees, and to collect data
vital to epldemlological and diagnostic
{nvestlgations In order to resolve such
questions as -dose-response relation-
ships in blood dlseas®es caused DY expo-
sure to benzene. Furthermore. these
records are useful for the employer by
enabling him to IdentUy sreas of his

‘pperstions ‘where theres.or roay be a

problem. Exposure measurerment re-
cords assist In plnpointing thhose pro-
cesses or operstions which require ad-
ditlonal efforts to reduce exposure to

Jbenzene. Medical records provide an
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awareness of the ineldence of industri-
al lllness In the employer’s establish-
ment and assist the employer to focus
on any uspect of his operation which
may materially lmpalr the health of
his employees. The required records
wre 8150 useful to the employee: Bxpo-
sure records assure employees that
thelr exposure to benzene is being
monitored and inform them of
the hazards to which they sre ex--
posed: medical records nssist their ex-
amining physician to nccurately diag-.
nose and treat any heslth problem
and assure proper evaluatlon of their
health. e .-
The standard specifies the informa-

record. The exposure measurement
record must iociude information
which sccurately reflects the exposure
of each jndividusl employee. ‘The
medlcal record must Inelude the work
history of each individual employee
and Information sccuretely reflecting
his health. A few participants disputed
the need for the content of some of
these records. One comment suggested
deletion of the requirement in para-
graph ()X1)X(iXb) to include as part of
the exposure record a description of
sampling on the ground that it is the
same requirement as in paragraph

{UN1M(a) for a description of the

sampling procedure used to determine
. representative. employee.. exposure. .
(Com. 76) This participant has misun-
derstood these requirements, The “de-.
scription of samping” in subpara-
graph (b) refers to the type of equip-
ment used for collecting the concen-
trations of tenzene, the rate at which
these samples were collected and the ”
mainimum period during which the col-
lectlon took place. The “sampling bro-
cedure” referred to in subparagraph
(a) refers to the eriteria or method
used by the employer to determine
thet the samples he has taken are rep-
resentative of the particuler employ-
ee’'s exposure. Although these para-
graphs are directed to different re-
quirements, OSHA has elminated
from subparagraph (a) of .this provi-
sion the word "srmpling” in order to
avoid such confusiod on the part of
other employere. '

Another comment expressed the
view that requiring employers to in-
clude In the record all of the informa- .
tion provided to the examining physi.
clan Is an undvue administrative
burden (Com. 53). Where the Informa-
tion Is tommunicated In writing to the
doctor who will exarnine the employ-
&, ee, the employer can meet his require.

" ment by simply retaining in his files a
copy of this communication. Where,
— however, the Information is not fur-

_nished In writing, .4, .1s essential o .
"record It to assure thai the examining
physician has been advised of all the
Informstion needed for evalustion of
> the employee's health. Moreover, since

S

)
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tlon which must be included In the -
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this Information ‘includes exposure
conditions and symptoms, the Infor-
mation is most useful not only to the
current examining physician but also
to a physiclan who years later evalu-
ates the health of the employee,
OSHA, therefore, has retalned in the
standard the requirement to record
the Information provided to the exem-
ining physician, : .
An industry comment pointed out
that it Is not necessary for the compa-
ny physiclans, who maintain the medi-

over, In view of the provision for an
action level in the final standard, the
number of exposure memrsurements
and medical examinations which must
be recorded will be greatly minimized
where the small amounts of benzene
aciually do result In exposures below
the action level.

Another comment snggested that
the retention period for the medical
survelllance records is unreasonably
long (Com. 59). OSHA 15 a~ware of the
burden of keeping both the medieal
cal records on behalf of the employer, and the exposure records Jor this
to retain 8 copy of the regulation and length of time. However, OSHA feels
Its appendices as part of the record of that it is essential that the records be
each individual employee, but that re- retained for this perlod. The record
tentlon of one master copy In the files evidence establishes that the latency
would be sufficlent if there Is & refer- period for benzene induced leukemia is
ence to it in each employee's file wunknown (Ex. 2B-283, p. 4) and that,
(Com. 48). OSHA egrees ihai reten- =as in the case of other chemicsl car-
tlon of the regulation and appendices cinogens, the symptoms ©f carcino-
In each employee's file unn genesis—in this case, benzene induced
Increases the space needed for the re- Jleukemia—may not appear for many
cords and, eccordingly, has piven em- years after the initial exposure {TIr.
ployers the option in the Iinal stan- 385, 391, 410-11, 424), The retention
dard of elther including the regulation period of forty years hns, therefore,
and appendices in 2ach employee's file  been selected to assure that the entire
or of reteining & master copy of these latency period would be covered. Fur-
documents and referenclng them In thermore, as stated In OSILA's stan-
each employee’s medical fle. , dard for Coke Ovens Emissions (41 FR

Bome Industry particlpants testified €6782), OSHA belleves that it Is essen-
that thelr fachities would need addi- tial to sclenttfic Investigations that ex-
tlonal record clerks to maintain the In-  posure and medica]l records be main-
formation in the required records (TR talned for the same length of tlme,
3185-3171). In view of ihe reductionin and that’ the retention perdod for
the finnl standard of the number of these records be ot least forty years.
employees for whom exposure and One comment suggested that inde-
medlcal monitoring must be conducted pendent contractors, who customarily
and reduction of at the frequency rate hire employees only for temporary
sugpested' by the proposal, the need work at a particular facility, be al-
for additional recordkeeping personnel lowed to send the medical records to
13 significantly reduced. Furthermore; the Director of NIOSH upon expira-
since the standard does not require tion of the employer’s ermployment
the use of any particular form for (Com. 83). Ar is noted below, it is
maintairiing the prescribed Informa- OSHA's policy for all employers that
tion, emplbyers may Incorporate these Lhe records be maintained at the place
records into alresdy existing record- of employment so long as 1t is In exis-
keeping systems,-some of which are tence, .
computerized, end thus further mini- The standard does not reqguire that
mize the need for additlonal person- the employer, on any regillar basis,
nel. send coples of his records to OSHA

The standard requires that the expo- The employer ls, however, required
sure measurement records and medical upon request to make the records
survelllance records be maintalned by =svaflable for examination prad copying
the employer for st least 40 yearsor todesignated representatives of OSHA
for the duration of employment-plus—and NIOSH. This requirement is nec-
twenty years, whichever Is longer. Sev- essary both for ‘compliance IPUrposes
eral perticipants objected to the and for sclentific Investigmtions. Re
length of thls retention perlod. One cords of required exposure Dnonitoring
comment expressed the view thet the are, in addition, to be made = vallable,
retention perlod was unnecessardly for examination and copying, o cur-
burdensome where the only exposure rent employees and thelr TeDresents-
to benzene is from Hquld products con-  tlves: and exposure monitorix g records
talning small amounts of benzene Indicating their own exposure must be
(Com. 55). Both because there {5 no made avallable to former el OYees or
known safe level for exposure to ben- their designated representatives. One
zene and because there Is no direct participant suggested deletion of the
linear correlatlon between the per- reference to the term “or thedr desig-
centage of benzene‘in'aliquid mixture * nated-refresentsiive” (Coim. 48) thus
and exposure levels, OSHA feels that restricting access to appropriate expo-
there is no basis for different reten- sure records only to the current or
tion requirements bssed on the former employee himself, OSELA Is of
amount of benzene in liqulds. More- the view ihat denying access 1O the re-
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cords of Individual exposure by desig-
nated representatives could result in a
deninl of access to the informstion by
the employee where he s incapacitat-
ed and unable to inspect the records or
simply not able to understand them.
This would defeat the purpose of the
avallability provision which ir to
mssure current employees that their
exposure s properly monitored and
assure former employees of access to
information necessary for the contin-
ued protection of their heatlh Fur-
thermore, the Act recognizes (sections
2(b)C(13); B(e)3); 8(IX1)) the legitimate
role of employee representatives In oc-
cupational safety and health. One in-
dustry comment suggested that em-
ployee representatives be formally des-
lgnated In writlng end that access to

records also be requested In writing -

(Com. 15). OSHA does not deem !t nec-
essary to include such a requirement
in the standard, but employers may es-
tablish procedures for access to re-
cords zo long as the procedures do not
restrict the eraployees’ and former em-
plovees’ to access,

The stondard also requires ihat
medical records also be made avall-
able, upon request, for examination
and copying to the designated physi-
clans or representative of both current
and former employees. Bome com-
ments questioned the fact that the
standard enables not only the employ-

' er but also the employee and his rep-

resentative and OSHA and NIOSEH to
have pecess to medieal records without

.speciiying confldentiality or otherwise

limliting eirculation of the Information
(Com. 28, 48). OSHA recognizes that a

" physician’s records may contain & wide

range of personal and medical infor-
matlon deemed to be confidential or
private. For this reason, the standard
limits the contents of the medical
record to such information as Is relat-
ed to benzene exposure. Indeed, the
standard requires in paragraph (i) (8)
(1) that the employer advise the phy-
sician that the physiclan’s opinion,
which becomes a part of the medical
record, should not reveal {indings or
diagnoses umrelated to__occupational
exposure, The need of. the employer,
the employee and OSHA and NIOSH
to have access to this-information has

. already been thoroughly discussed.

Disclosure of the information fo other
persons Is, of course, subject to protee-
tive requirements of sny applcable
laws or regulations.

To .assure that the records will be
preserved for the required retention
period of forty years, the standard re-
quires an employer, who ceases to do
business, to transfer his records to his
successor:and, In-the:event that-there
is no successor, to transfer the records
to the Director of NIOSH, One indus-
try comment suggested that this sec.
tlon be deleted. (Com. 59). Allowing
employers to dispose, at will, ol the re-
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cords of exposure measurements end
medical surveillance would result,
more often than nat, In destruction of
these records thus depriving employ-
ees of Information necessary for evalu-
ation of their health, as well as depriv-
ing NTIOSH ol informsation valuable to
its sclentific investigations.
. Another participant suggested eltmi-
natlon of the requirement that the re-
corda be transferred to NIOSH by reg-
istered mall (Com. 68). OSHA has
adopted this suggestlon and the per-
manent standard ellminates the re-
quirement to use registered mail
. Reports. Porugraphs (dX3), {eX§),
N(2), (1) d). The standerd imposes
notificatlon requirementa upon em-
ployers. This requirement 15 discussed
above under Regulaled Arecs .

The standard also obligates the em-
ployer to give certain Information to
employees. The employer must notify
each employee of the exposure mes-
surement representative of his expo-
sure. This notification must be made
regardless of what the exposure level
of the employee -is. Two comments
suggested that avalability of exposure
records was sufficlent to Inform em-
ployees of the results of their monlitor-
Ing (Com. 48 Com. 53). Several com-
ments suggested that the notification
be required only where the employees’
exposure is above the permissible ex-

posure level {Com. 10, 15, 21, 41, 48, 53, _

53) and that exposures below the per-
missible level be available to the em-
ployee upon request (Com. 10). OSHA
belleves that, consistent with sectlon
8(c)(3) of the Act, every employee has
the right to know what his exposure
*level is and whether 1t' 18 above or
below the permissible exposure level
Moreover, since the permissible expo-
sure level {s a feasibility level and not
a “safe” level, the employee must
know, for proper evaluatlon of his
health by 2 physiclan In the present
and future, the level of benzene to
which he is exposed. Accordingly, the
suggestions to modify the employee
notification requirements have not
been adopted. - .

The standard further requires that,
where-the employee’s exposure 1s over
the permissible exposure level, the em-
ployer must also state in the notiflea-
tion what corrective action the em-
ployer is golng to take to reduce the
-exposure level. This i8 necessary to
assure employees that the employer Is
making every effort to furnish them
with & safe and healthful work envi-
ronment, and implements sectlon
8(c)3) of the Act. - .

Notifications to employees of thelr
exposure levels must be made in writ-
ing.-Several comments objected-1o-this
requirement. Some comments suggest-
ed that the employer be permitted 1o,
notify employees by posting of B
notice on the workplace bulletin bosrd
(Com. 15, 49, 59), thus relleving the
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‘ tion by OSHA and NIOSH and by his

- pruph (). The final standard requires

employer of the burden ol notif >
each and every employee. It Is OSHA'ES
view that direct notification to eachI,
employee is necessary in order. 158
sssure that the employee, as required:
by section B(cX3) of the Act, is ap
prised of all hazards to which the em-:
playee iz exposed, . . p ol

The standard further requires that™%.
the notiflcation be within five working ‘%5;-
days after recelpt of the employers
measurement results. Several Industry ¥
comments requested a change in they
five day requirement =0 as to allow ad-
ditional time for employers to comply.
(Com. 47, 49, b4, 59). OSHA feels that,
under ordinary circumstances, the flve;
day limit fultills the statutory require.’
ment for promptness {sectlon B{(c)3N
yet allows employera sufficlent time .
for the written notification. cr T
. The standard further obligates the
employer to provide the employee
with & topy of the examining physl-
clan’s written opinion. One industry
comment pointed out the large volume
of letters per year which this notifica-
tion would entall {(Com. 53). However,
In view of the necessity for each em-
ployee to have an evaluation of his
health, OSHA is of the view that fur-
pishing each employee with = copy of 4
the physiclan’s letter Is not unreason- !
-ably burdensome. - - . G -3
-.Written compliance programs are 3§
also required by the standard. These
are discussed above under Mefhods of
Complionee. The employer is' required
to submit his compliance program, on
request, to OSHA and NIOSH. Addi-
tionally, he must meke thiz program
available &t the worksite for examina-

employees or thelr authorized repre-
gentatives. One participant suggested
that employers be required to give to
each employee a notice of avallability
of the complance program rather
than merely making it avallable to the
employee or his representative. QOSHA
feels that this would place aAn UNDECES-.
sary burden upon the employer, and
has not Incorporated the suggestion.
Observation of monitoring? paro-

that the employer provide—affected-

employees oi thelr designated Tepre- . i

sentatives with an opportunity to ob-
serve the measuring of employeé& expo-
sures. This opportunity is specifically
required by sectlon 8(c)3) of the Ack
The standard also sets forthh certaln
procedures which must be complied
with in connection with the oObserva.

tion of the monitoring. These proce-
dures are deslgned to assure that the
right to observe s meaningful and
that the health and safety of the ob-

.seryer is protected during the observa-
.tlom. . -

A few industry participants request-
ed that the observation of monitoring
provision be deleted from the standard
(C_om. 85). Unlon participants oblected
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to any imitations on this requirement
(Crosplron statement, Ex, 11.A, p. 12).
The arguments by Industry were sev-
eral: (1) The requirernent falls to Hmit
the number of employees who can pb-
serve the monltoring; (2) it increases
the employer's costs of monltoring; (3)
employees lose time {rom thelr jobs;
{4) It exposes employees Lo additional
harards; (5) it incresses the labllity
polentjal for non-employees Who are
injured while observing; and (68) will
result in labor/mansgement confrop-
tations (Com. 65, 10: L.C. 4). In view of
the statutory mandate that “regula-
tlons shall provide employees or thelr
represenlatives with an opportunity to
observe such monltoring or measur-
ing,” OSHA hss not adopted the sug-
geslons o delete this provision.

One comment suggested that & one-
time lUmit on observation of monitor-
ing be established for each employee
(Com. 60), OSH.A has not adopted this
suggestion since the statute does pot
Iinposa any such limit and it does not
appear t0 be reasonable. For example,
a requirement to this effect would pro-
hibit an employee or his represents-

tive who has observed the or -

monitoring to observe the redetermi-
nation of exposure which 13 required
by the standard after a process or con-
trol change. Lo

EFrECTIVE DATE -

In order to nssure that affected em-
ployers and employees will be in-
formed of the existence of the provi-
sions and terms of this standard, and
that employers and employees are
given &n opportunity to Iamfliarize
themselves with any new require-
ments, the effectlve date of this stan-
dard wil be March 13, 1278. Until such
date, 29 CFR 1810.1000, Table Z-2 will
continue to apply to those operations
covered by the new 29 CFR 1§10.1028,
Subsequent to that date, 20 CFR
1910.1000, Table Z-2 will continue to
ppply to sl operetions exempted
under the new 28 CFR 1010,1028.

APPENDICES

Three gppendices have been includ-
ed In thls permanent standard. These
appendices have been Included primar-
fly for Information- purposes. None of
the statements contained therein
should be construed as establishing &
mandatory requirement not otherwise
imposed by the standard or as detract-
ing from an obligation which the stan-
dard does Impose,

The nformsation contrined in Ap-
pendices A and B Is deslgned to ald the
employer is complying with require-
ments of the standard. The Informa-
tion in Appendix C primzarily provides
informsation needed by the physician
to. evaluate the .resuits of the medleal
examination. Appendix C also lists
other types of examinations, not re-

. quired by the standard, which may

FEDERAL
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help the physician in making an recu-
rate mscessment s to whether contin-
ned exposure to benzene will place the
employee, at An Increased risk. It
should be noted that paragraph (J)(1)
(1) and (iv) specilically require that
the information contzlned in Appen-
dix A and C be provided to employees
as part of thelr information and train-
ing program.

Some suggestions were made by par-
ticlpants regarding the contenis of
these appendices. One participant sug-
gested that Appendix A, Part I11-A In-
elude the reguirement ss to frequency
of change of respirator eartridges and
canisters (Com. 8). OSHA has npot
adopted this suggestion since the re-
quirement is clearly set forth in the
standard, apnd the employer is required
ns part of the treining program to give
each employee a copy of the standard,
Another particlpant (Com. 59) sug-
gested that Appendix A, I, B2 siate
that eye contact and repested skin
contact *be zvolded” instead of “pro-
hibited.” OASH does not agree kince
the standard prohiblts such contact.
This same pariieipant suggesied that
the last sentence of Appendix A, IV, A |
be ehanged to indicate that medical
assistance shonld be sought only if ir-
ritation of eye or iace persists. This
Hmitation has not been added for the
reason that OSHA feels that the more

conservative advice bmparted by the *

proposed paregraph better alerts the
employees to the possible hazards of
this type of exposure. The third sug-
gestion of this participant was that
Appendlx A state that “medical assis-
tance” e sought rather than that *a
doctor™ be called when large guanti-
ties of benzene are breathed. A modifl-
cation of thls suggestion has been
adopted and it Is now recommended
that medical assistance or & doctor be
called for as soon &s possible,

VIL AvTHORIDTY

This document was prepared under
the direction of Fula Bingharm, Assis-
tant Secretary of Labor for Occupa-
tional Safety and Health, U.5. Depart-
ment o©of Lsbor, 200 Constitution
Avenue NW., Washington, D.C. 20210,

Accordlngly, pursuant to sectlons
4£(bX2), 6(b}, 6(c) and 8{c) of the Occu-
pational Safety and Health Act of
1970 (84 Btat, 1552, 1593, 1536, 1596, 20
U.8.C. 653, 655, 657), the specific stat-
utes referred to In sectlon 4(bX2), Sec-
retary of Labor's Order No. 8-76 (41
FR 25059), and 29 CFR Part 1811,
Part 1510 of Title 28, Code of Federal
Regulations, is hereby amended by de-
leting tbe emergency temporary stan-
dard for occupational exposure to ben-
zene at §1810,1028 and sdding a new
permanent standard for occupational
.exposure -to benzene #s §1010.1028,
and by amending Table 2-2 of
$1910.1000. In addition, pursuant to
section 4(bX}2) of the Act (B4 Stat.
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1592; 28 U.B.C. 653), OSHA has deter-
mined that this new standard In
$1D910.1028 Is more effective than the
corresponding standards now (n Sub-
part B of Part 1810, and in Parts 18135,
1916, 1817, 1818, and 1826 of Title 29,
Code of Federzl Regulations. There-
fore, these corresponding standards
are superseded by this new & 1210.1028.
This determination, and the applica-
tion of the new standard to the mari-
time and construction Industries, are
Implemented by addlng 8 new para-
graph (e) to § 1810.19 and by revoking
§1910.20.

Slgned at Washington, D.C., this
3ist day of Jsnuary, 1878. These
amendments are effective on March
13, 1978.

X TR

' BULA DINGHANM,
Assistant Secretarys of Labor,

Part 1910 of Title 20 of the Code of
Federal Regulations is hereby amend-
ed as follows:

1. A new paragraph (c) iIs added to
$ 1010.18, to read as follows:

§1910.35 Special provirions Jjor air
conicminanis.

{(c) Section 1910.1028 shall apply to
the exposure of every ernployee to
benzene In every employment and
place of employment covered by
$51910.12, 1910.13, 1910.14, 1910.15, or
$1910.16, in Heu of any different stan-
dard on exposure to benzene Wwhich
would otherwise be applicable by
virtue of any of those sectlons.

$191020 [Revoked]
2. Bection 1910.20 Is revoked.

$ 19161000 [Amended]

3. Table 2-2 of § 1910,1000 is amended
by adding a Jfootmote following the
words “Benrene (Z37.40-19689),” and by
adding the following below "Table Z-2: |

4. Section 1810.1028 is revised to
read s follows:

§1910.1028 Benzene,

(a) Scope and applicatior (1) This
section spplies to each place of-em-
ployment where benzene Ls prodoced.
rescted, relemsed, packaged, repack-
zged, stored, transported, Xandled, or
used. :

(2) This section does not mpply to

(1) The storage, transportation, dis-
tributlon, dispensing, sale O usé s
fuel of gasollne, motor fuels, or other
fuels subseguent to discherge from
bulk termineals; or _

1Occupational exposures to benzene are
subject 1o the requirements .of $:1910.1028
except =®s  specifically exemopted by
§1910,1028(a}2). Exposures exempled by
§1610,1028(a)(2) are covered by thls
§1910.1000
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{4} The storage, transportetion, dis-
tribution or sale of benzene In intact
tontsiners sealed In such o manner 85
lo conlain benrene vapors or liquid,
except for the requirements of para-
graph (k) 12), {3), (4], and (53, and
parazraph ()) of this section.

th) Cefinthons * Action level” means
in artorne concentration of benzene
ol 05 ppm, averaged over an 8-hour

.work day.

-~ Assistant Secretary’ means the As-
sistant Secretary of Lebor Ior Occupa-
uonal Safety and Health, U.S. Depart-
ment of labor, or deslgnee.

“Authortrad person” means any
prrscn regured by his dutles to enter

1 reralated ares and authorized to do.

0 by his employer, by this section or
by the Occupational BSafety and
Health Act of 1970, “Authorized
person™ Includes s representative of
employees who Is designated to ob-
serve monitoring and measuring proce-
dures ur-der paragraph (m! of this sec-
tion. ’

“Benzene” {CJL) (CAS Registry No.
0007)1432) means solid, lquefied or
gaseous benzene. It ineludes mixtures
ol lquids containing benzene and the
vapors released by these liguids,

“Bulk tlerminal”” means- & facility
which is used for the storage and dis-
trbution of gesoline, motor foels or
other fuels and which Teceives its pe-

troleum products by pipeline, barge or -

marice tanker.

"Director” means the Dlirector of
lhe National Institute for Occupsation-
al Safety and Heslth, U.S. Depari-
ment of Health, Education, and Wel-
fare. or deslgnee.

"Emergancy’” means Any occurrence

such as, but not limited to, equipment °

fallure, rupture of containers, or fall-
ure of control equipment which may,
or doos, result in 8 massive releasse of
benzene.

“"OSHA Area Office” means the
office of the Occupational Safety and
Health Administration having jurisdic-
tlon over the geographlc area where
the affected workpiace is located

{c} Permissible erposure limiis—(1)
Inhalation—{) Time-weighted average
timit (TWA). The employer shall

.assure that no employee 1s exposed to

an alrborne concentration of benzene
in excess of 1'part benzene per million
parts of alr (1 ppm) as an 8-hour time-
welghtied averazge.

(i) Ceiling limiL The employer shall
assure that no employee is exposed to
an alrborne concentration of benzene
in excess of 5 ppm RS averaged over
any 15 mipute period.

(2) Dermal and eye erposure limil
The employer shall assure that no em-
ployee is exposed to eye contact with
liquid benzene; or to skin contact with
1iquly “benzene, “unless  theemployer
can establish that the skin contact is
an {solated Instance.

(d) Repulaled areas (1) the employ-
er shall establish, within each place of
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employment, regulated rreas where
benzene concentrations are In excess
of the permissible zirborne exposure
Umit.

(2) The employer shall Umit access
to regulated areas to authorized per-
SDNS.

(3) NolUication of rrgulaled areas.
Within 30 days following the esteb-
lishment of & regulated area, the em-
ployer shall report the followlng infor-
mation to the OSHA Ares Offlce:

(1) The sddress of each establish-
ment which has one or more regulated
ATre8s;

¢i1) The locations, within the estab-
lishment, of each regulated area; .

(lii) A brief description of each pro-
cess or operation which resuits In em-
ployee exposure to benzene in regulat-
ed aress; and

{iv) The number of employees en-

gaged In each process or operation
within each regulsted ares which re-
pults In exposure to benzene, and an
estimate of_the {requency and degree
(74 exposure within each rezulnbed
RTeR.

() E:rpo-!.r- moniloring und mea-
rurements.~—{1) Generol (1) Determi-
nations of alrborne exposure levels
shall be made Irom air samples that
are representative of each employee's
exposure to benzene over an eight (8)
hour period.

(i) For the purposes of this section,
employee exposure s that exposure
which could occur {f the employee
were not using a respirator,

(2) Initial moniloring. (1) Each em-
ployer, who hsas a place of employ-
ment where benzene Iis produced,
reacted, released, packaged, repack-
sged, stored, transported, handled or
used shall monttor each of these work-
places and work operations to accu-
rately determine the airborne concen-
trations of benzene to which employ-
ees may be exposed.

(1) The Initial monitoring requhed
under paragraph (e)2Xi) of thls sec-
tion shall be conducted and the results
obtained within 30 days of the effec-
tlve date of this sectlon. Where the
employer has monitored after Janvary
4, 1977 and the monitoring satisfles
the arcuracy requirements of para-
graph (eX6) of the section, the em-

* ployer may rely on such earlier monl-

toring to satisfy the requirements of
paragraph (exX2Xil) of Lhils sectlon,
unless there has been a production,
process, personnel or control change
which may have resulied In new or ad-
difjonal exposures to benzene or the
employer has any other reason to sus-
pect & change which may have result-
ed in pew or mdditional exposures to
benzene; and provided that the em-
ployer maintains s record of the monl-

“toring in -accordance “with-‘paragraph

(1)(1} end notifies each employee In ne-
cordance with parsgraph (e}5).

(3) Frequency.—{1) Measurements
below the action Leve‘l. I{ the measure-

. hreakdowns, the employer shall repeat.,

‘Thaintain -employee ‘exposures--to ben-

" ments conducted under paragraph o

(e)2)1) of this section revenl employ-
ee exposure to be below the action
level, the measurements need not be -
repeated, except as otherwise provided —7q
in paragraph (e)(4) of this section. -

{11) Meaaurements above the action
lzvel. If the measurements reveal em-
ployee exposure to be In excesz of the
actlon level, but below the permissible
exposure limit, the employer shall
repeat the monltoring at lesst quarter-
1y. The employer ghall continue these
guarterly mensurements until at least
two consecutive mersurements, fsken
at least seven (7) days apart, are below
the action level, and thereafter the
employer mzy discontinue monitoring,
except as provided In pammph (e)(&)
of this section. -
~{11) Mearurements above the permL:-
sible exposure limit If the mesasure-
ments reveal employee exposure to be
In excess of the permissible exposure
Hmits, the employer. shall repeat the
measurements at least monthly. The
employer shall continue these month-
ly measurements untll at least two
consecutive measureménts, taken' st
lenst seven (7T) days zpart, are below
the permissible exposure lmits, and
thereafrter the employer shall munitor
at least quarterly. .

(4) Addiiional monitorinp. 'When-
ever there has been a production, pro-
cess, personnel .or control change
which may result In new or additional
pxposure to benzene or whenever the
employer has any other reason to sus-
pect a change which may result in new
or additione! exposures to benzene,
such as spills, leaks, ruptures, or

the monitoring which is reguired by
paragraph (e)2X1) of this section.

(5) Employee notffication. (I> Within
& working days after the receipt of the
measurement results, the ermployer
shall notify each employee Im writing
of the exposure measurements which
represent that employee's expOSUres.

{{1) Where the results indicate that
the employee's exposure exceeds the
permissible exposure lmits, the notifl-
cation shall also Include the corrective
action being taken or-to-be taken by
the employer to reduce expostare to or
below the permissibie exposure limlit.

(8) Accurucy of measuremenl The
eroployer shall nse 2 meihod ©of mes-
surement which hss an accuracy, to a
confidence level of 95 percent. of not
less than plus or minus 25 percent for
concentrations of benzene  greater
than or equal to 1 ppm. ’

() Methods of compliance —<1) Pri-
ority of complionce methods, "The em-
ployer shall instltute engineering and
work practlce controls to reduce and

zene &t or below the permissible expo-
sure lmits, except to the extent that
the employar establishes thhat these
controls are not feasible. Where Ieu!-

; ﬁ‘% i daane 1.l-':\; .
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ble englneering and work practice con-
trola are not sufficlent to reduce em-
ployee exposure to or below the per-
miszible exposure limits, the employer
anall ponetheless use them to reduce
exposures to the Jowest level achiev-
able by these controls, and shall sup-
plemen! them by the use of respira-
tory protection.

12) Compliance program. (1) The em-
ployer shall establish and implement a
wTitten program to reduce exposures
lo or below the permissible exposure
lirnita solely by means of engineering
and work practice controls required by
paragraph (1X1) pf this section.

i) The writien program .shall in-
clude a schedule for development and
implementation of the engineering
ang work practice coniyols, Thase
pians zhall be revised at Jeast every six
months to reflect the current status of
the program. SO

(1) Written plans for these compli-
ance programs shell be submitted,
upon request, to the Assistant Secre-
tary and the Director, and shall be
svaflable at the worksite for examina.
tion and eopying by the Assistant See-
retary, the Director, and the employ-
se3 or their suthorized representa-
tives.

(Iv) The employer shall institute and
maintain at least the controls de-
zeribed In his most recent written com-
pliance program. -

(g} Rerpiratory protection—(1) Gen-
_erol Where respiratory protection Is

required under this section, the em-

ployer shall select, provide and assure
the use of respirators Respirators
shall be used ' the Iollowing circum-
stances:
1) During the time perjod necessary
. to install or implement feasible engi-
neering and work practice controls;

D During malntenance and repalir

sactivities In which engineering pnd

(1) 1n work situations where feasl-
ble engineering and work practice con-
trols are not yet sufficlent to reduce
exposure to or below the permlissible
exposure limits; or

tlv) In emergencies.

¢2) Respiralor selection. (1) Where
respiratory _protection Is required
under this section, the employer shall
select and provide, at no cost to the
employee, the appropriate respirator
from Table 1 below and shall sssure
that the employee uses the respirator
provided.

(i) The employer shall select respl-
rators from among those approved by
the National Institute for Occupation-
al Safety end Health under the pro-
gram of 30 CFR Part 11.

(3) Respiratlor program. The employ-
.pr:ghall-institute a resplratory-protec-
tjon program In 8 accordance with
§ 1910.134(Db), (d), (erand ).

(4) Respirolor use. (1) Where air pu-
rifying respirators (cartridge, canister,

.
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or gas mask) are used, the employer
shall, except as provided In paragraph
(g4 of thls sectlon, replace Lbe
alr-purifying canlsters or cartridges
prior to the expiration of their service
ife or the end of shift in which they
are first used, whichever occurs first.

(1) Where & cartridge or canister of
an air purlfying respirator has an end
of service Ife indicator certlfled by
NIOSH for benzene, the employer
may permit Its use untll such time rs
the Indicator shows the end of service
life. .

(i) The employer shall assure thet
the resplrator issued to the employee
exhibite minimum facepiece leakage
and thst the respirator is properly
fitted - . o .

(lv) The employer shall allow each
.employee Who weare & respirator to
wash his or her face and respirator fa-
ceplece to prevent skin irritation ass
clation with respirator use. .

Tamx L—Respiratory protection for benzene

Airborne concentrotion of Rexpiralor type
benezene or condition of

use .

(a) Lesu than or equalto  {X) Any chemical
10 p/m. cartridpe respirstar
. . with organic vapor

eartridge; or
. €2) Any supplicd alr
respintor,

(b) Laca thag or equalto (1) Any chemical
50 p/m. © eartridge respirator
with organic vapor
cartridge and full
iaceplece; . .

{2) Any supplitd alr
resplrator with tull

laceplece;
. {3) Any organic vapor
ras misk; or
14) Any zelf.contuined
breathing apparatus
with full {acepiece.

(2) Lesz than or equalto () Bupplied alr

1,000 p/z. rexplrator with half
mszk io positive
. pressure mode.
(41 Léss than or equal to ) Supplied alr respintor
2,000 p/m. with jull faceplece,

helmet. or hood, in
positive pressure mods.

(e) Less than or equal to (1) Bupplied air

10,000 p/m.

contalned faceplees in
positive pressure mods;

or

{2) Open circult self-
contaloed breathing
apparatus with full
faceplece In positlve
pressure mode.

1) Any oreanic VRpor
gux masks or

(2) Any selicontained
breathing apparatux
with full faceplece,

(h) Protective clothing and equip-
ment Where eye or dermal exposure
may occur, the employer shall provide,
at no cost to the employee, and assure
that the employee wears impermeable
protective clothing and equipment to
protect the mrea of the body which
may come in contact with liquid ben-
-zene, ‘Eye -and ~{ace protection -shall
meet the requirements of § 1910.133 of
this Part.

(1) Medical Survelllance-~1) Gener-
al (1) The employer shall make avsil:

W EsCape e
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able a medical surveillance program
for employees wWho are or may be eXx-
posed to benzene at or above the
action level and employees who are
subjected to an emergency.

(1) The employer shall assure that
rll medical examinstlons and proce-
dures are performed by or under the
supervision of a lcensed physician,
and provided without cost to the em-
ployee.

(2) Inilial eraminations. () Within
thirty days of the effective date of this
section, or before the time of inltlal as-
plgnment, the employer shall provide
sach employee who 13 .or may be ex-
posed to benzene at or ahove the
aotion level with B medlcal examina-
tion, Inclnding at least the following
elements:

{ay A history which Includes past
work exposure to benzeme or any
other hemstologic toxins; a family his-
tory of blood dyscrasias Including he-
matologlcal necplasms; a8 history of
blood dyscrasias including genetically
related hemoglobin alterations, bieed-
ing abpormalities, sbnormal function
of formed blood elements; & history of
renal or liver dysfunction; a history of
drues routinely taken, aleoholle intake
and systemic infections; & history of
exposure to marrow toxirs outside of
the current work situation, including
Z;:gn.tﬂe cleaning agents and Insecti-

es;

... () Laboratory tests, including a

complete blood count with red cell
count, white cell count with differen-
tial, platelet count, hematocrit, hemo-

. globin and red cell indices (MICV,

MCH, MCHC), serum bilirubin and re-
ticulocyte count; and

(c) Additional terts where, In the
opinion of the examining Pphysiclan,
alterations in the compoments of the
blood are related to benzene exposure.

4y Mo medical examination is re-
quired to satisfy the reqguirements of
paragraph (1(2)1) of this section if
adequate records show that the em-
ployee has been examined In accor-
dance with the procedrires of para-
graph (1X2X1) of this section within
the previous six months.

(3) Information provided io the phy-
sieian. The employer shall provide the
following information to the examin-
ing physiclan for—each-—&%3 ation
under this sectlon:

@) A copy of this reguilation and its

’ appendixes;

(i1} A description of the afiected em-
ployee’s dutles as they relate to the
employee's exposure,

(1) The employee’s Tepresentative
exposure level or anticipated exposure
level;

(Iv) A description of &1 personal
protective equipment ased or to be
usedsand: w.ooce o r eers e TTILEL L

(v) Information from JTeEYioUs medl-
cal examinations of the affected em-
ployee which Is not readily avallable
to the examining physicaf-
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(4) Physician's writlen opinions. [6)]
For each examination under this see-
tion, the employer shall obtaln pnd
provide the employee with B cony of
the examining physician’s wrltten
opinlon containing the following:

{2) The results of the medical examl-
nation and tests;

{b) The physiclan's opinion concern-
ing whether the emplpyee has any de-
tected medical conditlons which would
place the employee's heallh at In-
creased Tisk of materlsl impairment
{rom expasure to benzene;

(¢} The physician's recommended
ymitations upon the employee's €Xpo-
sure to benzene or upon the employ-
ee's use of protective clothing or
equipment and respirators.

(1) The written opinion obtzined by
the employer shall not reveal specliic
findings or disgnoses-unrelated to oc-
cupetlonal exposures.

¢5) Periodic eraminations (I) The
employer shall provide each employes
covered under paragraph (D(1XD of
this section with a medical examina-
{ion at least seml-annually following
the initlal examination. These periodic
examina tions shall include at least the
{ollowing elements:

(a) A brief history regarding a.ny'

new exposure to potentizl marrow
toxlns, changes in drug and alcohel
intaxe and the appearance of physlcal
symptoms relating to blood disorders;

{b) A complete blond count with red
cell count, white cell count with differ-
ential, platelet count, hernoglobin, he-
matocrt and red cell Indices (MCV,
MCH, MCHC); and -

(¢) Additlonal tests where in the
opinion of the examining physician,
aiterctions In the components of the
biood are related to benzene exposure.

(i) Where the employee develops
signs and symptoms commenly Bssocl-
ated with toxiec expoasure to benzene,
the employer shsll provide the em-
ployee with B medical examination
which shall include those elements
concidered approprigte by the examin-
ing phy=ician,

(8) Emnergency situations. If the em-
_pleyee Is exposed—to benzene n an
emergency sitvation, the employer
shall provide the employee with a url-
pary phenol test at the end of the em-
ployee’s shift. The urine specific grav-
ity shall bte corrected to 1.024. If the
result of the vurinary phenol test Is
below 75 mg/m], no further testing is
required. If the result of the urinary
phenol test is equal to or greater than,
75 mg/ml, the employer shall provide
the ernployee with = complete blood
count including a red cell count, white
cell_count with differential, and plate-
‘1ot couint e &bon “us ‘practicable, ani
shall provide these same counts one
month Jater. .

(1) Special eraminatfons. (1) Where
the results of mny tesis required by
this section revesl that eny of the fol-
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lowing conditions exlst, the employer
shall have the test results of the em-
ployee evaluated by a hematologist:

(@) The red cell count, hemoglobin
or platelet count varles more than 15
percent above or below the employee’s
most recent values;

(b) The red cell connt s below 4.4
million or aboye 8.3 millon per mm?,
(for males), or below 4.2 milllon or
above 5.5 milion per mm' (for fe.
males);

(c) The hemoglobin Is below 14
grams percent or above 18 grams per-
cent (for males) or below 12 grams per-
cent or sbove 18 grams percent (for fe-
males); -

(d) The white
4,200 or above 10,000, -

(e) The thrombocyte count is below
140x%10* cells per mm* or above
440>¢10* cells per mm?*, o

@3l In addition to the Information ”

required to be provided to the physi-
¢lan under paragraph (1)(3) of thls sec-
tion, the employer shall provide the
hematologist with the medlcsl record
required tc be mainteined by para-
graph (1)(2) of this section. L

({i) The hematologist’s evaluation
shall include a detormination as to the
need for additionnl tests, and the em-
ployer shail assure that these tests are
provided.

) Employee information and Lrain-
ing—{1) Training progrom. (1) The em-
ployer shall institute a training pro-
gram for all employees sssigned to
workplaces where benzene 15 produced,
reacted, released, packsged, repack-
aged, stored, transported, handled or
used and shall assure that each em-
-ployee assipned to these workplaces is
informed of the following:

() The Information contained in
Appendlces A and B of this secilon:

¢b) The quantity, lucation. manner

of use, release, or stornge of benzene
and the specific nature of operations
which could result in exposure above
the permissible exposure Hmits as well
a5 necessary protectlve steps:

{¢) The purpose, proper use, and
Umitations of personal protective

cell count is below

- when the benzene or products contain-

(2) Access fo training matefials. (13

The employer shall make a copy of
this standard and 1ts Appendices read- ©
{ly available to all affected employees.

(if) The employer shall provide

upon request, all materials relating to
the employee information and itrain-

ing program to the Assistant Secretary .

and the Director.

(k) Signes and labels. (1) The employ-
er shall post gigns In regulated areas
bearing the following legend:

L naxcxx -
- M -‘.
FLAMMABLI—HO SMOEING - o

. AUTHORIZXD FERSONNEL OMLY | |
(2) The employer shall assure thal
caution labels are affixed o all con-
tainers of benzene and of productis
containing any amount of benzene,
excepi s - - Do
) Pipelines, and" ~* "5 - vty
() Transport vessels or vehicles car-
rying benzene or benzene producte in
sealed intact contalners. - - o
(3) The employer shall assure tha
the caution lsbels remain affixed

.re -
IS S

ing benzene are sold, distributed or
otherwise leave the employer'’s work-
plece. - - ” . - et e

(4) The caution labels required by
paragraph (kX2) of this zection shall
be readlly visible mnd legible. The
labels shall bear the following legend:

~-_CAYTION .l

Z

LORTATHS BXINTLYE

CARCIH HAZARD

¢5) The employer shall assure that
no statement which contradicts or de-
tracts frpm the information reqguired
by paragraphs (k)(1) and (x)(4 of this
section appears on or near sny Ie-
quired sign or lpbel. . )

Q) Recordkeeping.—(1) - Erporure
measurements. (1) The employer shall

equipment End clothing required by _establish and maintain an accurate

paragraph (h) of this sectlon and of
respiratory devices required by para-
graph (g) of this section and §1910.134
(b)), (d), <) and (1)

(d) The purpose and & description of
the medical survelllance program re-
qulred by paragraph (1) of this sectlon
and the Information contalned in Ap-
pendix C of this section; and

(e) The contents of this standard.

(i) The training program required
under paragraph (J}1X1) of thls sec-

“tion shall be provided within 90 days
‘of the efféctive date o] thissectlon or
at the time of inltial assignment to
workplaces where benzene is produced,
reacted, released, packaged, repack-
aged, stored, transported, handled or
used, and at least annuslly thereafter.

REGISTER, YOL. 43, NO. 29—FRIDAY, FEBRUARY

record of - measurementsrequlred
by peragraph (e) ol this section. o

(1) This record shall include:

(a) The dsates, number, duration, and
results of each of the samples taken,
including a deescription of the proce-
dure vsed to determine representative
employee eXposures, )

() A description of the sampling
and analyticsl methods used;

(c) Type of respiratory protective de-
vices worn, if any; and :

(d) Name, soclal security muamber,
and‘Job-classifieation o-the employee
monitored and all other employees
whose exposure.the mensurement Is
intended to represent, . .

(i) The employer shall maintain
this record for at lesst 40 years OFT the

19, 1978
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duration of employment plus 20 years,
whichever islonger.

(2) Medical surveillance. (1) The em-
ployer shell establish and malntain &n
accurate record for each employee
subject to medieal surveillance re-
quired by paragraph (D) of thiz section.

{1}y This record shall include:

{a) The name, and social security
number of the employee;

(b) A copy of the physiclans’ written
opinions, Including results of niedicsal
examinstions and all tests, opinions
end recommendations;

(¢) The peripheral blood smear

" % slides of the initia) test, the most

recent lest, and any test demonstrat-
ing hematological abnormallties relat-
ed o benzene exposure; .

¢(d) Any employee medical com-

plaints related to exposure to benzene;
. " (e) A copy of this standard and its
appendices, except that the employer
may keepy one copy of the standard
and its appendices lor Rll employees
provided that he references the stan-
dard and iis appendices In the medical
survefllance record of each employee,

{7 A.copy of the information pro-
vided to the physielan as required by
paragraphs (1X(3){1) through UANINV)
of thissectlon; and .

() A copy of the employee’s medical
and work history related to exposure
to benzene or any ‘other hemasatologic
toxins, -~ 7 -

(11) The employer shall msintain
this record for at least 40 years or for
the duration of employment plus 20
years, whichever i5 longer.

(3) Apailablity. (1) The employer
ghall assure that all records required”
to be maintained by this section shall
be made availahle upon request to the
Assistsnt Becretary and the Director
for examination and copying.

(1) The employer shall assure Lhat
employes exposure messurement re-
cords as required by thiz-section be
mede avallable for examination and
copying to aflected employees or thelr
deslignated representatives.

¢ill) The employer shall assure tbat
former employees and the former em-

i ployees”. deslgnated - representatives
0 have sceess to such records s will in-

dicate the former employee's own ex-
posure to benzene.
.~ (lv) The employer shall assure that
- emplyee medical records required to
- be maintalned by this section be mepde
aveilsble upon request for examina-
_ tlon and copying to a physiclan or
" other Indlvidual deslgnated by the i-
. fected employee or former employee.
(4) Tranyfer of records, {1) When the
employer ceases to do business, the
. snccessor employer shall recelve and
tain_all records.required to. be.main: -
ined by paragraph ) of this section
for the prescribed perlod.
(i) When the employer ceases to do

.ployer to recelve and retaln the re-
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cords for the prescribed period, the
employer shall transmit these records
by malil to the Director. co.
ity At the expiration of the reten-
tion period for the records required to
be maintained under paragraph (1) of
this section, the employer shall trans-
mit these records by mail to the Direc-

tor.

tm) Observation of monitoring.—(1)
Employee observotion. The employer
ahall provide affected employees, or
thelr Jdesignated representatives, an
opportunity to observe any measuring
or monitoring of employee exposure to
benzene cunducted pursuant to para-
graph {e) of this sectlon. . .

(2) Observation procedures. (1) When
observation of the measuring or moni-
toring of employes exposure o ben-
zene requires eniry into areas where
the use 'of protective clothing and
equipment or respirators is required,
the employer shall provide the observ-
er with personal protective clothing
and equipment or resplrators required
to be worn by employees working In
the area, assure the use of such cloth-
ing and equipment or respirators, and
require the observer to comply with
all other applicable safety and health
procedures. -

(1) Without interfering with the
mesasurement, observera shall be entl-
tied to:

_ (o) Recelve an explanation of the
measurement procedures; "

(b) Observe all steps related to the
measurement of .alrborne concentra-
tions of benzene parformed at the
place of exposure; and

(¢) Record the results obiained.

(n) Appendices. The informstion
contained In the appendices is not in-
tended, by itself, to create any addl-
tional _obligations not otherwise ilm-
posed or to detract from any existing
obligations.

APPENDLX A—Sm:r.uc:z Sarrry Dara Berzr,
BNi=NE

Y. SUBSTANCE IDENTIFICATION

A. Substance, Benzene, . :

B. Permissible Exposurer Except as to the
use xs fuels of gusoline, motor fuels and
other fuels subsequent to discharge from
bulk-terminals,

1. Airborne 1 part of benzene vapor per
million parts of alr (1 ppm); time-welghted
gverage (TWA) for an 8-hour workday for a
$0-hour week, with a 15 minute celling con-
centration of b ppm.

2. Dermal Eye contact and skin contset
with liquid henzene shall be prohiblted.

C. Appearance ond odor, Benzene s =
clear, colorless liquid with g pleassnt, sweet
odor. The odor of benzene does not provide
pdequats warmling of it hazard,

1. HEALTH FAYARD DATA

A, Ways in which the benzene affects your
Health “Benzene cati affect yoirr ‘health H
you inhale it, or if it comes in contact with
your skin or eyes. Benzene bz 23so harmful i
you happen to swallow fk

B. Effects of overezposure. 1, Bhort-term
(scute) overexposurse: If you are overex-
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posed to high conlentratlons of benzene,
well above the levels where Its odors are
first recognizanle, you may fzel breathless,
irritable, euphorie, or giddy; you may expe-
rlence lritation in eyes, nose, and respire-
tory traclt You mey develop a hesdache,
feel dirry, nauseous, oT experience unsterdi-
ness in walking. Bevere exposures may lead
to convulsions.

2. Long-term {chronic) exposure. Repeated
or prolonged exposure Lo benzene, even at
relntively low concentrations, may result in
varjous blood disorders, ranging from
anemla to leukemia, wn irreversible, fatal
disesse. Many blood disprders associated
with benzene exposure may oocur without
physical symptoms.

IT1. PROTECTIVE CLOTHING AND ©QUIPMINT

A. Respirotorz Respirelors mre regulred
for those operatiom in which engineering
controls. or work practice controls are not
fegsible to.reduce exposure to the permissi-
ble level If resplrators are worm. they must
have 3 National Institute for Occupational
Bafety and Health (NIOSH) seal ol Rpprov-
al, and cartridges or canistexs must be re-
placed before the end of their service life, or
the end of the shift, whithever occurs first.
I{ you experience difficulty breathing while
wmearing = resplretor, tell your empleyer.

B. Proteciive Clothing. You must wear Im-
pervious protective clothing (such as boots,
gloves, sleever, aprons, ete) over any parts
of your body that conld be exposed Lo quid
benrene.

C. Eve and Faoce Protection. You must
wear splash proof safety goggles {1 it 1s pos-

. sible that benzene may get Into your eyes.

In addition, you must wear n face shield U
your fece could be splashed with benzene
Uquid.

IV. EMERGIACY AND FInsT ATD PROCEDURES

A Eye and Joce exposure. 1f bmzene is
splashed In your eyes, wash 1t out fmmed]-
altely with large amounts of water. Call 2
doctor s so0n ms passible.

B. Skin erposure I benzenc s spilled on
your clothing or skin, remove the contami-
pated clothing ond wash the exposed skin
with Jarge amounts of water and soap imme-
dlately, Wash contaminaled clothing before
you wear it again. |

C. Breathing. I you or any Other person
breathes In large amounts of benzene, get
the exposed person to fresh =air at once.
Apply ariificisl resplration 1f breathing has
stopped. Czll for medlcal agsistance or &

. doctor as soon a5 possible.
D. Swillowing. If benzerne hns been swal--

jowed nd.inc patleni ls conscious, do not
induce vomiting. Call for medical essistance
or a doctor iImmediately.

V. MrpicAL REQUIRENEXTE

If you are exposed 1o beazene &i o concen-
tratlon at or above 0.5 pom OB &n B-hour
time-weighted avernge, youir etaployer is re-
quired to provide & medical Tilstory and 1ab-
oratory tests within 30 doy’s ol the effective
datr of thly standard xnd Semlannually
theresfter If you are conttusldy exposed at
or above 0.5 ppm. Thesc tests shall be pro-
vided without cost to yoi. Xn addition, i you

‘are Accidentally -exposed‘to ‘bexzene (either

by ingestion, Inhalation, or =Siin/eye coo-
tact) under conditions known oF suspecled
to be toxic exposure to bexnzcNE, Your em-
ployer It reguired to meke speeldl lests
acallable to you. .
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V1. OrseERvATION OF MONITORIRG

Your employer Is required to perform
messurements that are representative of
your expoaure to benzene and you or your
designated representative are entliled to ob-
serve Lthe monitoring procedure. You nre en-
litled Lo receive an explanation of the mes-
surement procedure, observe the bsteps
teken tn the messurement procedure, and 1o
record Lhe results obtzlned. When the moni-
toring procedure is taking place in an ares
vhere respirators or personal protective’
clothing and eguipment arc required to be
worm. you or your representative must also

te provided with, and must wear the protec- -

tive clothing and equipment.
V1L Access T RECORDS

You or your representative are entitled to
see Lhe records of measurements of your ex-
posure 1o benrene upon request to your em-
ployer. Your medical examination records
can be furnished to your physiclan or desig-
pated representative upon reguest to your
employer.

VIIl. PrrcavuTions roRr Says Usz, HAwDLING
AND STORAGE

Benzene lquid Is highly Nammable. It
should be stored Lo tightly closed containers
in a cool, well ventilated aren. Benzene
vapor may form explosive mjxtures in air.
All sources of lgnition must ‘be controlled.
Use nonsparking tools when opening or clos-
g benzene containers. Ground or vond
metal benzene contiiners. Fire extingulsh-
ers. where provided, must be readity avail-

sble. Know where they are located and how "

to operate them. Smoking iz prohiblied In
wreas where benzene 15 used or siored. Ask
your supervisor where benzene Is used In

your work ares and ior additlonal plant

safety rules.

APPENDIX B—BSUBSTANCE TECHNICAL
GUmrLI¥ES, BENZENY

- 1. PHYEICAL ARD CHOIICAL DATA

A. Subsfance Wdenlification .~

1. Synonyms: Benzol, benzole, coal
naptha, cyclohexatriene, phene, phenyl hy-
dride, pyrobenzol. (Benzine, petroleum ben-
rine, and benzine do not contain benzene.)

2. Formula: C.H, (CAIS Reglstry Number:
D00071432)

B. Physical data. .

1. Boillng Point (760 mm Eg) B80.1C
(178F)

2. Bpecific Gravity (waler = 1) 0.879

3. Vapor Density (alr = 1% 2.7

4, Melting Point: 5.5C (42F)

5. Vapor Pressure at 20 C (88F): 15 mm Hg

6. Solubliity In Water: .00%__ -

7. Evaporation Rate (ether = 1) 2.8

8. Appearance and Odor: Clear, colorless
1lquid with = distinctive sweet odor.

1. FTRE, EXFLOSION, AND REACTIVITY HAZARD
DATA

A Fire

1. Flash Point (closed cup) -11 C{12F)  °

2. Autolgnition Temperature: 580 C
(1076F)

3. Plammable Limlts ln Alr, % by Volume:
Lower 1.3%, Upper: 1.5%

+. Extinguishing Medla: Carbon dloxide,
dry chemlical, or fosm. !
7.5, "Speclal “Pire:Fighting -Procedures: Do
not use solid stream of water, since stream
wAll scatter and spread fire. Water spray can
be nszd Lo keep fire exposed contalners cool.

8. Unususl {ire and explosion hazards:
Berzent Is a fiammsable lUguid. Its vapors

FEDERAL
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can form explosive mixtures. All {gnition
sources must be controlled when benzene Is
used, handled, or stored. Where liquid or
vapor may be released, such areas shall De
considered as hazardous locations. Benzene
vRpOrs ars heavier than zir; thus the vapora
may travel slong the ground and be ignited
by open flames or aparks at locations
remote from the site at which benzene is
handled.

1. Benzene I5 clozcified ax a 1 B slemmable
Hguid for the purpase of conforming to the
requirements of 28 CFR 1910.106. A concen-
tration exceeding 3250 ppm is considersd &
potential fire explosion hazard. Locatlons
where benzene may be present In quantities
sufficlent to produce explosive or ignitable
mixtures are considered Class I Group D for
the purposes of confarming to the require-
ment of 28 CFR 1510.208,

B. Reaclivity.

1. Condltions contributing to instablity:
Heat. - T

2. Incompatiblity: Heat and oxidizing ms-
tarialx,

1. Harardoun decomposition products:
Toxle gases and vapors (such as oarbon
monaxide). Iy,

1Tl STILL AWD LEAX PROCEDURES

A Steps o be taken {F the material is re-
leased or spilled Ax much benzene rs possi-
ble should be sbsorbed with soitable materi-
xls, such »a dry sand or carth. Thet remain-
Ing must be flushed with large amounts of
water. Do not flush benzene into a confined
space, such ps a sewer, because of expiosion
danger. Remove all ignition sources. Vent-
late enclosed places.

B. Waste disposal method. Disposal meth-
ods must conform to other jurisdictlonal
regulations. If allowed, benzene may be dis-
posed of: (a) Absorbing it in dry sand or
earthmddl_xpnsinzlnnsmltuylmd nn;
(b) If xmall quantities, by removing it to a
safe location from buildings or other cam-

“bustible sources, it in dry sand or
earth and cautiously igniting it (c) I largs
quantities, by atomizing it n 2 suitsble com-
bustion chamber.

V. MONITORING AND XEASURENTINT
FROCEDURES -

A Nornal monftoring program: Measure-
ments taken from the purpose of determin-
ing employee exposure are best taken Bo
that the representative average 8-hour ex-
posure may be detormiped from » single 8-
hour sample or two (2) 4hour samples.
Short-ime interval s2mples (or grab sam-
ples) may also be-used to-determine average
exposure Jevel I a minimum of five mea-
surements are taken in a random manner
over the 8-hour work shijt. Random sam-
pling means that any portion of the work
shift has the same chance of being sampled

. BS any other, The arithmetic average of all
such random samples taken on one work
ahift Is an estimale of an employee’s aVeEr-
age level of exposure for that work shift.
Alr zamples should be tsken In the emplay-
ee’'s breathlng zone (alr that would nesarly
represent that Inheled by the employeel.
Sampling moust be performed by gas adsorp-
tion tubes or alternaltlve mrthods mecting

-ihe Tequirements of :the standard with sub-
sequent chemlesl analysis, by ges chrometo-
graphy. Methods meeting the prescribed 2o
cwecy end precision and requirements are
avallable n the “NIOSH mznusl of Analyt-
ic2] Methods.” .

- _ tlon of small amounts of liquid benzene im-

- sontact MAy cause erythema or blixtering. - —-

- Convilsions apd tremors occur freduently;—-

Y. mscnj_uuom FRECAUTIONS .
M

A. High exposures to benzene can oocur:
when transfemring the liguid from one Con-
. talner to another. Such cperations should
be well ventDeted and good work practices:
must be established to avold spilis.

B. Use non-sparking tools to open benzepe °
contalners which sre- efiectively grounded
and bondsad prior to opening and pouring,

C. Employers must advise employees of all
plant areas and operations where exposure
to benzene could occur. Common operations
in which high exposures to benzene may be
encountered are; the primary production
and utilization of beosene, and transier of
benrene. . .

Arrrmpix C—Mupical SURVEILLANCE
GUIELINTS YOl BIAIENE

L ROTTE OF DNTRY .
Inhalation; possfhle siin sbaorption.
T 1. TOXICOLOSY

Benzene 1s primarily an inhalation hazard
Bystemio absorption may canse depression
of the hemstopaletic system and lenkemis
Inhalation of high concantrationa can affect
the pentral nervous system function. Aspirs

medintely causes pulmonary edema and
_hemorrhage of pulmonsry tissoe. The
extent of abzarption through the gkin 15 un-
Xnown. However, absorption may be acceler-
Vlf.cd In the case of injured skin, and benzene
may be more readily absorbed if 11 18 preseni
fn & mixture or as s contaminant in solvents
which are readlly absorbed. Defatting
actlon of benzene may produce primaxy irri-
tation upon repested or prolonged contuct’
with the skin. High concentrations are jrri-
(tailog tp the mucuous membranes of the
eyes, nose, and respirstory tract.— . -

XIT. SICHB AND EYMPTOME .

- 1t i not clear to what extent b-enm.n.e s
-absorbed through the skin, however, direct

Repeated or prolonged contart may result 4
in drying, scaling dermatlitis, or precipitate
development of secondary skin infections.
Tocal effscts of benzene vapor or linuid on
the eye are slight. Cnly at very high concen- 1
trations Is there any smarting sensation In .
the eye. Inhalation of high copcentrations
of benzene may have an Initial stimulatory 1
pffect bm the central pervous systexn charac-
terized by exhiliratlon, nervous excltation,
and/or giddiness, followed by 2 period of de-
pression, drowsness, Iatlgne, or vertlzo.
Thers may be sensation of tighiness in the
¢hest accompanied by breathlessnesa and ul-
tlmately-the-victim may lose consciousness.

-and death may follow from respiratory pas-
ralysiz or circulatory collapse in & few min-
utes Lo severnl hours following severe expo-
sUres. - Tt - .
The Insidicus effect on the blood-forming
gystem of prolonged exposure to small
quantities ol benzeme vapor is of extreme
importance. The hematopoletic system s
the chief target for benzene's toxic clfects
which ars msanifested by alterations In the
levels of formed elements in the peripheral
hlood Thess effects have been noted o
oocur st concentrations of bemzene Which

may not canse Irritation .of mucoOlls mem-

braties,” or ‘EfY Unpleasant eenspry e{{eCls.
Early signs and symptoms of benzene mar-
bldity are varied and often not overtly ap-
parent and not specific for benzert €Xpo-
sure. Bubjective complalnts of headsche,

Ui b
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dizzines:. xnd loss of appetite may precede
or follow clinital symptomology. Bleeding
{from Lht noas, puuni, 0 mucous membranes
and the developrment of purpuric zpotx may
occur 2x the condltion progresses. Rapid
pulse and low blood preasure in additlon to
a physical appearance of mnemin may ac-
company a subjectivek complaint of short-
neax of breath, Clinical evidence af leuko-
penia, wnemia, and thrombocytopenta,
singly or in combination, have been fre-
guently reporied. .

Bone mMAITOW DAY ADpexar Normal, apiss-

tions correlatr with peripheral bjood form-
ing tissues. There are great variations In the
misceptibility to benzene morbidity which,
prohiblts the Identification of *typical”
blood plcture. The onset of effecta of pro-
longed benzene exposure may ba sipnlficant-
1y delrysd after the actusl exposure has
ceazed. .

= IV. TATATMINT OF ACUTE TUXI0 LYTECIS

Remove from exposure Immediately, give
oxygen or artificial resuscitation If indicat-
2d. Piuzh eyek and wash contaminated skin.
SBymptoms of popspecific nervous distor-
bances may persist following severe expo-
surex. Recovery from mild exposures is usu-
ally rapid and complete. - : .

T, CORVEILIANCE AND FREVERTIVE
-CONSIDERATIONS

e - A. CXNLRAL
The principal effects of benzene exposure

forming the baxis for thix regulation are al.
terations of the hematopoietic system as ve-

and leukemia. Copsegquently, the medical
survelllanee protoeol Is deslgned to phserve
on a regular basic, hicod indices for early
s1zns of these effects .

Tests must be performed [requently
enough to discover individuals who may be
unuzually sensitive and likely to develop
marrow abnormaMiies, to monitor those
who experience sccidental overexposure and
Lo provide early detection of delayed evi
dence of toxicity.

Al workers who are or will be exposed to
8.5 paric per million {ppm) or greatar hen.
zene as an eight-hour time-welghted average
are to be given the opportunity for a medi-
eal examlnation. Inttisl examinations are to
be provided within 30 days of the effectlve
date of this standard or at the time of initia}
rssignment and Interval examinations semd-
* annuslly thereafter, There are special provl-
sions for medical tests in the event of hema-
tolgica ebnormalities.or foz emergency situ-
atfons.

¥. BELMATOLOOY GUIDELINES

The following information excerpted from
the analysis of Dr. Jandl, Chief of Bema.
tology, Harvard School of Mediclne, may be
nseful to physicians in conducting the medi-
ca) surveillance program.

*A minimum batlery of tests 15 to be per-
formed by strictly atanderdized methods In
the circumstances described above,

1. Red cell, white cell, and platelet counts
must be performmed using an »utomated
(Coulter) counter, The normal range {or the
red cell count is approximaiely 4.4 to 8.0
million cells/mm?®, the values for women

men. A decline from = normal to a subnor-
mal value, or & rise Lo & supra-normal yslue,
are Indlestive of polentinl toxleity, perticu.
larly should there be s decllne, The normal

u

e

e

\
s

tie, or hyperplastic and ey not in all sltus-.

3 : “belng about -0:4:milllon. cells Jower than -for - -
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tota! white blood' count s approximately
4200 pluz or ‘mimu 2,000/mm?. Por cige-
tette smokers and white count will be
higher, the upper-range of “normal” being
approximatety 1,000 cells higher than 8,200,
Either a decline from pormal to subnormal
or & rise from norma} L0 supra-normal,
should ba regarded as a potential indication
of benzene toxicity. The normal platelet
* count is 250,000 with a range of 140,000 to
{at most) 400,000/am®. A decline to below
140,000 or a rise to above 400,000 should be

toxictty. - .
The reticulocyte count ic performed by
technical asgistants naing a cover-slip amear

{ses below). 1n my opinion, the preferred.

technigue for this purpose is the so-called
=dry-methed” employing brillant cresyl
blue {BCB) for stalning the {llzments of re-
firulum within red cell, and counter-staining
with Wright’s stain The extreme range of
normal for reticulocytes Is 0.4 10 1.5 percent
of the red cells, the usual range being 0.5 to
1.2 percent of the Ted cells, but the typleal
value ia in the range of 0.8 to 1.0 percent,
There Is an xdvantsge of using the BCB re-
ticwlocyte stzining technigue ({olowed by
counterstalning with Wright's
that visible evidence (Le., the stained,
mounted retlculocyte smears) may be
stoged, and If kept filed In the dark may
Inter be reirieved for reexamination and
comparisops. A decline in retleulocytes to

. levels of lesy than 0.4 percent is to be re-

garded as possihle evidence (unless another
specific cause is found) of benzene toxicity
requiring accelerated survelllance, An in-
. crease in reticulocyte leveis to ahove 1.5 per-

fleciod by changes In the peripheral blood.. cent mny also be consistent with (but ls oot

as chancteristie of) benzenas toxicity.”

2. The single most important routine sur-
velllance test Is an expert technileian's care-
fl examinstion of the peripheral blocod
smear. As with the reticulocyte count, the
smenr should be with fresh uncoagnlated-
blood ohtained Irom n peedie tip following
venipuncture or from a drop of earlcbe
blood {cppillary blood). I necessary, the
smear mey under certain limited conditionx
be made from » biood semple anticoagulat-
ed with’ EDTA (but never with oxalate or
heparin). ' When the smear iz to be prepared
from 2 specimen of venous blood .which has
been callected by » commercial Vacutainer®
type tube containing neutral EDTA, the
smear shonld be made 35 300n as possihle
afier the vemesection. A delay of up in 13
hours 15 permissible between the drewing of
the blood spectmen into EDTA and tha
preparation of the rmear {f the blood iz
stored at reirigerastor (not {reezing) tem-
perature. As with the retlculocyte prepara-
tions, the smear should be made on ctover

—slips—only. Under no clrcumstances-should
periphera! blood (or bone marrow sspirate)
intended for exnminatlon be smeared on mi-
croscope slides, & technlique which produces
artifects in blood cells and distorts the
white cell differential couni by severely
maldistrbuting them. Dry blood rmears
should be stained with Wright's stain which
snpuld be flitered =t lzast weekly to remove
precipated dye (saturated completely by
methylene blue-eosinate derivates),

8. The minimum mandatory observations
Lo be made {rom the smear and a discussion
of thelr significance now follows. The obser-
vatlons are four:

-2 The -differentix] white blood -céll ‘count.

b. Description of thnormalities In the ap-
perrance of red cells.

. Description of any abnormsalities In the
platelets. |

regarded ax possible eridence of benrene |

atain) in-
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d. A careful search must be made by the
technician througbout the better areas of
every blood smear for Iinmature white cells
puch 23 bapd forms {in more than normal
proportlen), any number of metamyalo-
cytes, myelocytes. Any nucleatad or muitin-
ucleated red blopd cells zhould be reported.
Very large “glant” platelets of fragments of
me| ocyies must be recognirzed Should
only a Eingle one of these abnormalities be
found, it thould be reporied.

Ap increase in the proportlon of band
forns among the peutrophille granulpcytes
lz an abnormallty deserving apecial mention
for it representz a very early change which
ehould be conzldered a3 an early warning of
benzene toxicity in the abeemce of other
camsative factors (most ocmmonly infeo-
tion). Likewlse, the eppearance af metamye-
locytes in the absence of other probable
cause i85 to be considered a possible Indica-
tion of benzene-induced Injonry.

An upward trend ln the number of baso-
phibx, which normally do not exceed about
2.0 percent of the total white celis, is to be
regarded 33 possible evidence of benzene
toxicity: A rise In the eosimophil count s
less specific but also may be suspicious of
toxicity If it rises above 6.0 percent of the
total white count.

The normsal range of monocytes ia from
2.0 {0 8.0 percent of the total white count an
average of about 5.0 perceni. .About 20 per-
cent of indlviduals reported to have mild
but perglsting abnormalities cansed by expo-
sure to benzene show & persisting monocyto-
sl which s sometimes striking. The fina-
ingz of 1 monocyie count which Dersists at
more than 10 to 12 percent ol the normal
white cell count {when the total count is
normal) or persistance of an absolute mono-
cyts count in excess 800/mm? should be re-
garded as a possibie sign of benzene-nduced
njury. ‘

A less Irequent bub more serious indiea-
tion of benzene-induced injhury to the bone
marrow is the fipdings In the periphenl
blood of the so-called “paeudo™ (or o
quired) Pelger-Huet snormaly. In this anom-
aly many, or sometimes the majority. of the
neutrophillc granulocytes possess 1wo round
nucleer segments—less often one or three
round segments—rather than three normal-
1y elongated segments. When Lhis anomaly
is not hereditary, it is often bui not Invar-
ably predictive of subsequent leukemin
However, only about two percent of patients
who ultimatly develop acute myelogenous

leukemin show. the acquired FPelger-Huet

anomaly. .

An ubncommon but om!mots slgn, ope
which cannot be detected from tht smesr,
but can be suspected easlly by & “sucrose
watertest”-orperiphers] blood, Is translent
paroxyzmal mocturne 1herm oglobinuris
(PNH), which muy {irst pccur insldiously
during A period of cstablished &plastic
anemin and maybe followed wibhln one toa
few yenrs by the eppearance of repidly 1x:al
acute myelogenous Jeukemim. Clinical detec-
tion of PHH, which occurs i perheps only
one or two percent of those destined to hisve
acule myslogenous leukemip, may be dulll-
cult: If the presumptive “sucrose water test”
for 1t is positlve, the techpiclan may per
form the somewhat more delInitve Ham
test, also known us the aeid-sernm hemoly-
515 test.

. e, Andividuals. documentes) « toJiave devel-.

oped scute myelogenous Jeulcemia yeara
sfter initin) exposure Lo berizene, bhave (see
above) progressed throngls  preliminary
pheses of hematologlc abpoTmMAUlY, In
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anemis™)  prrorded leuxemin Jor many
year: Drldova 00€s relative scarcity of s
ungie Lype blood cell {or of platelets) repre-
srtt 8 harbinger of immlnent scute leuke-
mia However, the {inding of two Dr more
rylopenias. of of pancytopenla, must be re-
garded ma highily suspicious of more advance
Mthough still revenible, benzene toxielty.
When “pencytopenia” develops and be-
comes aasociatad with the apearance of Im-
mature cells  tmyelocyles, myeloblasis,
rrythroblasia  ricd with sbpormal cells
Ipscudo Pelger Huel inomaly, atypical pu-
Clear heterschromalin, ete), or with inap-

Le eleations of monocytes, baso-
il or romirsophlls, the {indings must be
regarded aa evidence of benzene Overexpo-
sure uniess proved other-wise, These and
otbher aggrecales of alterntions are {requent-
Iy Lerm ~prricukemla,” a term whose mean-
jng W xood when used retrospectively, but
jrss good when used prospectively where it
has only infereptial value. Many severely
aplalxr  palients manifested the ominious
finding of 510 percent myeloblasts in the
marrow, ocraslonal myeloblastxs and myezlo-
cyies \n the blood and 20-30% mDnoCyles;

" RULES AND REGULATIONS e el

these represented the beginning of recm;!:ry aserlously, 28 they have been noted In Tecenty

rather than the early siage of

Thns, » considerable proportion of “preleu-  subsequent arute leukemia

Xemlas” in benzenc polsioning

gress to leukemis Indeed, some have been tively few patients, peroxidase-staining ol-n

observed to revert to normal

dracoal of the afflicted person from toxic ex- employing benzdine dihydrochloride, has 3
posure. Nonetheless, the chance that “pre- ravealed asa “prelenkemic” finding the dis. . y
jeukemlc” (changes in general) will evolve  appearance of, or diminutfon In, perosidase B.X
to leukemia iz considerable: at jeast 20t0 40 i » xlzable proportion of the granulocytes.
percent of persons {only ® few of whom OGranulocyte granules are normally strongly .3
were benzenc-exposed) with these blood peroxidase positive. A stzady decline in leu- k
changes develop acuie myelogenous leuxe- kocyte alkzline phoaphatase 15 2150 sUEges-
min. Certain tests may substantiste the per- tlve of early acute leukemis Exposuvre to
son's progpects for progression OF Tegres- benzene coramonly causes 10 early rize In
slon. One such test would be an examina- seérum iron, oiten but not always associated |
tion of patient’s bone mMAITOwW. But the decd-  Wwith a fall In the reticulocyte count. Thus
siop to perform 3 bone maITow aspiration or  serial measurements of serum iron levels 3
needle blobsy Is one thal should be mede by provide 8 means of determining whether or P
the hematologist. The findings to be sought not there lsa trend representing sustalned .
there would be: hypoplasia or aplasis; an  sUDPTESt of erythropolesis. .. -2
excess of jmmature forms vacuolation in Mensurement of serum {ron, determins-
erythroblasts and myelocytes—a phepom-  tion of peroxidase and of alkaline phosphs-

enon indueed by many toxins

benzene, Including chiorhmphenicol and al- _ be performed by {echnical assistants.

cohol; and by Infections.

The {Indings of basophillc stippling In cir- (Sscx. 4, 8, 8, B4 Btak 1583, (29 .2U.B.C. 653,
culating red blood cells tusually found In i §55, 657);, Secretary of Labor's Order 8-78

to 52 of red cell during marrow

detaction in the bone marrow of whal are o ) PG
termed “ringed slderoblasts” must be taken [FR Doc. 78-3417 Filad 2-3-78; 1:12 pm) .

N et —

pvert AMIL. years to be frequent premonitory slgns of ¥
.
fafl to pro-

after with- circulating or mRrTOwW neutrophfl granules, 3%

apart from  tase activity In peripheral granulocytes can

-

\njary),and (41 FR 330393 28 CFR part 191L)

" ——
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