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Since its original isolatizcn from Londen town gas and
the recogniticn cf ItS excellent solvent properties in =he
first quarter of the” 19th century, benzene has developed inco
a major chemical builéing kisck’- & Over eleven billion sourds
were procéuced in the U.S. in 15756'</ and similar amounts wers
manufactured in Euroge andé Jsaran. A brief summary of the mecza-

bolism, toxic effects ané regulatory history in the U.S. will
be presented together with some comments ON the present OSHA
Permanent Standard,

Metabolism

After inhalation of benzene by a mammal, about 40% is
eliminated unchanged in expired air. The liver converts the
remainder to benzene oxide. Sutsecuently, some of the benzene
oxide converts to prenocl by spontaneous rearrangment, SONe goes
through benzene glycol formaticn t0 catechol and trans-trans
muconic acidé and a third perzion reacts with glutathione to pro-
duce phenylmercapturic acid.

The phenol. undercoes confucgzation to form phenylsulfates
and phenylglucuronides or goes throuﬁn hydroguinol to COﬂjLG"
tion and elimination. Most catechol IS cenjugated and elimina-
ted, small amounts being oxidized to hydroxyhydroguinol(3) .

(See Figure 1.)

Acute Toxicity

As shown in Figure 2, direct skin contact dilates blocd
vessels, resddens and irritates the skin and removes natural fat
If this sequence iIs repeated the skin dries, scales and cracks.
In general however, normal skin does not absorb benzene rapidly.

Eye contact produces similar irritation and if benzene
IS not removed serious tissue Injury occurs.

~ Mucous membranes (nose, mouth, throat, lungs, etc.) also
are irritated easily by benzene and the lung may develop a che-
mical pneumonia.

Inhalation of hich ccnccntrations causes exhilaration,
then depression with drcwsin ess, fatigue, dizziness, headache
and nausea, Ultimately uncensciousness, c¢onvulsions and. death
may occur (1), (See Figure 3.)
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Benzene Toxicity. (See Tizurs .

Important as the acute effac<ts =2rs, much wore attention
has been directed recently to chroniz Lower level extosures.
These have their primary impact on thsz zlcci-Icoming systenm,
croducing a decrzase in varicus Igormed elsments of the circu-
lating blood. Wnen all of the mazicr =2lements are affected
(red cells, white cells and platelets: zhe t2rm "pancytcrenia”
is used. This change is often referxed =o z2s "awrlastic cr
hvpoplastic anemia”. Because scrme zasz3 =% tenczene zancyzc-
Tenia have been repocrted to have hyrerzlastic or "overactive"
marrow, it is probably better to use the term "aplastic anemia’
as a subset of pancytopenia rather than as an ecuivalent. It

should also be noted that single ce2ll tvses may oe affected to
produce anemia, decreased white cells cr a lcw platelet counzi3)

cns IS verv difficul:
e literature reports
s. In the few series

The incidence of these manifestz<:
to determine, primarily because mos:t of =
refer to Slngle or small groups of pacien
where longitudinal studies of emplovees exposed to benzene has
exceeded two years, most have shown a £enéancy to return toward
normal when exposure to benzene ceaseé. Some patients however,
did show a persistently lowered white counz Or platelet count
when compared to a control group(3).

i
X20
der
<

Clinical manifestations e¢f tenzene incduced pancytopenia
generally tend to be rather nonserpecifiz and presumably related
to anemia ~ easy fatigue, heacache, malzise, dizziness, palpiza-
ticn and dyspnea on exertion (see Fizure 3). Since the develop-
ment of anemia is usually gradual these may nNOt be recognized
until the hemoglobin has dropped belcw 12.2 grams.

Where low white blood count or lcw platelet count are
roninent, the clinical findings may te mere dramatic and spe-
ific. Infection is the outstanding featurs of a low white
ou unt appearing when counts are In +<he rance of 1000 - 1200

-4,200 to 10,000) and may leac to death. Platelet counts of
30 000 or less (N-140,000 to 440,000) may be manifested by
petechlae, purpura or frank bleedinc internally or externally.

Where severe pancytopenia or aplastic anemia develovs
as a result of benzene exposure, the outizomc aprears to be

sirilar to that observed in cases cf idiccathic aplastic anenmie
arcut _50% will die even with :he mcst modern methods oI treat-
ment {3) . Where the changes ars loss sewcre and :he inédividual

is removed from further e“-os"*e z0 tenzane, reccvery is also
the general rule.

One of the most controversial questions related t0 the
hematopoietic effect of benzene exrosure IS whether it results

-~
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in leukemia. This idsza iz suzzirzsd Ty the series of case
reports of leuxkemia in Lniiviliilils with o a hiistorry of long and
neavy exposure to tenzene in Trance, Ttaly and Turkey and the
ulgher incidence cf benzene axzcsure in groups of acute leu-
Xemia patisnts. Gocd spifemicolocic studies relating to the
guestion are lackin; nowever, ancd Tz <date =fiorts Lo prcduce
leukemia exgerimentzally in animz2ls have been unsuccessfiul.

Dr. B. Goldstein in %£he YN.Y. University review Sums ugp
his conclusicn c¢cn zhe leuxem:iz cSuestion as follows: “In sum-~
marv, occuvational eXTcsura =C Tenzena ipoears causallvy reiated
O acute mvelocencus .Lel<emii anc LTS variantsS. The guesticn
of whether leukemogenesis cccurs conly arfter high dose benzene
exposure leading to sicnificant bcne marrow damage, whether it
can result from anv cegree ¢ 2 cviszenic stem cell effect, or,
less likely, is ,c::l;y unreiated =0 the pancytcopenic effect
of benzene, remains unanswered" (3},

History of the Environmental Control of Eenzene in the U.S.
(See Figure 6.)

The Pre-1976 Experience

In the U.S. the reccen
benzene exgosures grocu
Imposing limizaticns O
day. In a few states th

cn in the early 1920"s that
nevrovenia led to sore states

pom exposure for an 8-hour
was educed to 50 ppm and
then 35 ppm by the early 1640's. . ring the war years

a Federal "war-~&-Re stenio—iw FAI Se the limit 10 100
ppm with adéizional excursions permitted for limited
periods. By 1246 the first ACGIH TLV OF 100 ppm was
established and socon tecame not only a country wide
standard but also a werld wide guideline.

Over the next 13 years the level was lowered to 50 ppm
(1947) ané then tO 35 ppm (1948). In 1957 the TWA

was reduced to 25 ppm. In 1963 the 25 ppn level was
made a ceiling value. Until March 13, 1978 the standard
was based on an ANSI recormmendation adopted in 1969
which established the level for benzene at 10 ppm on
an 8-hour daily Time Weighted Average (Twa) and a

25 ppm 15 min. ceiling. This became an official OSHA
standard in October 1572. This was again recommended
when the 1974 NICSH csriteria document was published(4),
This had however, an "action level™ proviso which
required certaln bicliogical monitoring if the employee
was exposed to more tnan half the TWA (or more than

5 ppm).
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Environmental monizorins ~&5 mandaz2d wizhin

of the promulgaz:ion oI tne standari and sutbseguently
based on the nurmkter <2 weorksrs. I£ :the TWA was excee-
decd, sampling was =< Ze regsazad every 15 days untcil
twe consecutlive survers Zemgnetrzzel normal values.
Althouch there was scm2 zsoncern azout the extent of
the laboratory investigaz:on 2t time cf preplacement
examination and the decisicn <o relats environmental
monitering o *he numk=2r 27 werkers, he 1374 stan-
dard was cene*a~lg accepzed bv those who nrad practical
experience in industry.

The Post-1976 Exgerience

On August 25, 1976 NICSH is evised reccmmenda-
tion for an occupaticnal exgus-= *a-*=:i for benzene
lowering the level to 1 ppm as getermined by a 2-hour
alr sample collected at one liter per nzaute(s) The
bases for this chance were several epldemlologlc studies
on rubber workers in the Akrcn, Chio, area and a number
of case reports from France, ltaly ané Turkey. Althouch
It was admitted that In many instances the exposure
levels were unknown or, if known, were hig ése eral
hundred ppm) NIOSH toox the pesiticn that” th Aﬁta
established benzene as a car

setting the exgosure level a
level.

cen and this Justlfied
e lowast detectable

On April 29, 1977 0SHA issued an EZmercency Temporary
Standard(6) which folicwed the NICSH reccmmendations
of August 1976 B ‘ | @& its justification for the
"imminent danger" cztecory the work of Infante et al.
This study.became available 1O CSEA from the NIOSH
Division Of Surveillance, Hazarg Zvaluations and Field
Studies in early 1977 but was not published In Lancet
until July 9, 1977(7). The authcrs reported that seven
cases of acute Or chronic mylogeacus Or monocytic leu-
kemia occurreé In 748 workexs in a pliofilm operation in
Akron and st. Mary's, Chio, durincg the period January 1,
1940 and June 30, 1949 - an incidence 10 times normal.
Moreover, it was alleced that the exposure levels of
benzene were below the limiis reccrmencded at the time
of their measurement, <the ;mpl caticon being that these
levels were the lowess reporzed zc date.

"0
0
"

The ETS was promptly blecked dy cours action on the

part Of the APT and a number Of ges=roleum companies. On
“ 1977 OSHA E prorosec sems e standard

which in essence repeated the reculations of tne ETs(8),




The szandard 3ii troocese 2xemphtions for the handling
of gascline IZrom Sulxk terminals cut to the consumer
and situeticns where a Liquid stream contained 1% or
less of cenzens (the lattcer exemption would probably

zaw 502 é== 2nly ~€  then would drop to 0.1%) .
Curinc laze July ané August 1977 administrative hear-
ings wera neld at wnich the supporters and cpponents
of the prcocoosed permanent standard presented their
argumencs.

The basic positican OF NIOsH and 0s#a presented, at the

hearings may be summarized as follows (see Figures 7 and 8):

1.

-~

r3

he evicdence f{rocm many case reports and several epide-
mioclogic stadtres confirms the fact that benzene is a
leukenocen (or a cancer producing substance for the

hematopoietic system).

]
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It is impossible to prove that a safe level of expo-
sure exists for any leukemogen (carcinogen), hence,
exposures must be reduced to the lowest measurable
level.

The practical realities ¢of establishing an environmental
ané medical centrol program for the thousands of people
inveived in handling gascline dictate that for the
rmoment at least these Individuals should be exempted

frem contso

- D

The oppcrents (8" the proposed permanent Standard offered

the following argumencs :

1.

Benzene has not been proven to be a primary carcinogen
althouch It may be a promoter or co-carcinogen at levels
well above the present standard. This Is supported by
the epidemiological studies of Thorpe (Exxon affiliates
in Surope, 1961-70) (%) Lloyd (Incidence of Leukemia in
Coke oOver? workers) (10} and Joyner (Shell Oil Company
empioyees) { 1Y "The Infante study when subjected =o
close review also tends to support this concept - the
actual exposure levels averaged over 100 pem with excur-
sions that prckably reached the 1,000 ppm mark on numer-
OuUs occasicns.

The concept that there is no threshold for a carcinogen
is fallacious.

The OSHA proposal does not identify the benefits, con-
sider reascnable regulatory alternatives or adequately
assess the economic impact as required by law.
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4, ToeQxNuITILinZ ozozo ;ri2r thz now Zermanent standard
are arbicrary cal: arditrary because they
cut Cf£f serwic anZd termirals where exposures
ar=a as hich as ants or many prxoducing areas;
fllcgiczl zZ=zz2 2 sased on the percentage of
benzene in 1lig than on prm of benzene vapor
in air.

That *he argumant was in wvain was demonstrated when the
£inal wversion 2£ the Termanant sitardardéd dated January 31, 1973
was issued on February 12, 137&. Althsough nctlicn was taken of
the testimony rpresented at «he hearings in the long background
section, the standard still nmandated:

1. A level of 1.2 ©on in eixr over an 5-agour period

2. A 5 ppnm ceiling £cr any l5-minute perxiod.

3. An 0.5 ppm action level for monitoring and medical sur-
veillance.

. Time dc=s no: vermit a mcre deitailed discussion of the
monitoring or medical racuirements, “he various aspects of regula-
tory repor+ting, protec+ive eguirment, *raining, labeling or
recoré keeping. For many comsanies in the API, compliance will
be possible but ccstly, Zor others it will pese significant pro-
blems. The basic reasocns for cur continued copposition to this
standard however, arz nct eccnonmic:

1. Control of tenzens exzosure tc the lowest fecasible level
because it is z carcinmorzen is unscientific because it
denies the concert 0f a threshold and a dose-response
relaticnshiz., 7o accert %his ooin%t is to legitimatize
the generic standard Zor carcinocens.

2. The diversicn cf scarce medical, %achrical andé manage-
ment resources cannc: be justified on the basis of the
theoretical gains fcr societr a3 € whole.

The issue is now joined in the couris so the last chaoter is
s+*1ill to be wristen., An op+imizt micht hepo thast something akin
to the scientifically defensible conclusizas of the International
Workehoo on Benzene h2ll in Taris in Wovemhoer 1976 will emerce,
narmely:
"The WorXkshop discussad buet ccu2ldé not agree con whether
" there was a concsniratic helew which there would be
no leuXenogenlic efiz~: clearly attributablc Lo benzene.
Daspite this :inabil tc 2xcluda the peossible induc-
tion 0of leoukemia 2 zon? exgesures »elew 10 ppm it




was agreed that such a case would be a rare occurrence.
"3enzene excecsure should be controlled to be as low
as tossizl2 :ut in nc case should the Time Weighted
! = for an 8-hour day and a 40-hour
nculd be based on a single werk
luve should not exceed 25 ppm
sampling period."(12)

)

- - - ~
At Raluiod— ted-X-Xed

Time and the courts will decide if such optimism is justified.
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Figure 1. Metabolism of Benzene.

BENZENE~THE CURRENT CONTROVERSY

Acute Benzene Toxicity

SKIN HUCUS MEMBRANES @ LUNGS

Yasccidatation lemitatron

Erythema Vasodilstation -

Irmistion Puimonary edema

Drying Hemorrhage
Tissue necroeis

EYE C.N.S.

ftching Exhiterstion Tachycardia

Lacrimation Drowsiness Oyspnes

Imasbon Fetigue Unconsciousness
Dlxnness Convuisions
Hesdache Tremvor
Nauses Oeeth

Figure 2. Acute Benzene Toxicity.
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BENZENE—THE CURRENT CONTROVERSY

TrEEUTS OF RENZENE VAPOR ON Man

I’)I”llf"lﬂ
i et it 0:f Etein
P e { CALrN e
SN !
20.000-19.000 6541 S.iQ0 Futa!
7.500 28 0 Dangerous to hfe
1070 v6 W) Endurable
1,500 4.x 63 Serious symptems
S00 1.6 &0 Svmptoms of Hlness
150-50 0.4%-0.16 100  Headache, lassitude, weariness
25 (MAC* 0.08 480 None

* MAC - Maximum ailowabie concentration (Threshold hme,

CREDIT—FRCM: GERARCE. MW TOXICOLOGY AND BIOCHEMISTRY
OF AROMATIC HYDROCARBONS.

Figure 3. Effects of Benzene Vapor on

BENZENE~THE CURRENT CONTROVERSY
Chronic Toxicty—Hemea cpoictic Effects

PAMCYTOPENIA Hypopinetic Marrow
Anemig (Aptastic Anemis)
Grarulocytopenis

Thrombocytopenie Hyperplastic Marrow

UMICELLULAR CYTOPCNIAS
Anemia

or
Granviocytooenis
or

Thromdocyt-vents

Figure 4. Chreonic Toxicity = Hematopoietic

Man.

Effects.
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BENZENE--THE CURAENT CONTROVERSY

Clinical Signs of Hematotoxicity

2' TO 2°TO 2*TO

ANEMIA GRANULQCYTQFENIA THROMBOCYTOPENIA
Eaay Fatigue Fever Petechize
Headache infection Purpurs
Msiaise Death Hemorrhaoa (Internail
Dizziness of extemai)
Peipitation
Externsi Oyspnea

Figure 5. Clinical Signs of Hematotoxicity.

BENZENE-—~THE CURRENT CONTROVERSY
Evolution of Benzene Standsrd

1920°s 100 pom for 8-hour day Maasscnusatts and a tew other stales
1930°s 50 ppm ftor S-hour day (Silete Stanaard)
1940 3$ ppm for 8-hour day {State Standard)
1842-45 100 ppm for B-hour day Fedsrst “War-time Standard™
1948 100 ppm ACGIN=—=TLY h
1947 50 ppm ACGIH-TLY
16948 3S pom ACGIH-TLY
1987 25 ppm TWA—ACGIH-TLY
1962 25 ppen ceiling value—ACGIN-TLY
1969 10 ppm TWA with 25 ppm cetting —ANS|
1Q72 10 ppm TWA with 23 ppm celling —~OSHA
1874 10 pom TWA with 28 pom celling with 5 ppm sction level—NIOSH
1978 1 ppm with $ pom excursion—NIOSH (proposed)
1977 1 ppm with § ppm sxcursion—OSHA (progosed)
Figure 6. Evolution of" Benzzne Standard.
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6ENZENE—THE CURRENT CONTROVERSY

Opposing Peoslitions
on 1977 Propozed Stancard

NIOSH—QSMA INDUSTRY

1. Benzeone is 8 Leukemogen 1 Bermzens is not & primary carcinogen.
Cave repons It may D@ a promaoter or Co-carcinogen,
Ruooer worxers stucies No csses Deiow 40 ppm
intante study Epidemiociogy studies of Thorpe,

Lioyd and Joyner

2. There is no aste level tor 2 The “na threshold” concent for carcinogens
louremogen. hisilscious.

(carcinogen) 8. A number Of tactors can prevent cancer
Induction or deiay It. s.g. Matabolic
biock, DNA repair, immune response, etc.

b. D 0 ureiationanip to iatent period.
¢. Demeonstration of co-carcinogenic or
- ter mechani

BEMZENE-—-THE CURRENT CONTROVYERSY

Oppocing Positionsa
on 1977 Proposed Standard

{Contd.)
3. Pracncai conmceratt 3 The propased examptions are illogicat
justify sxemption and arditrary.
of gasoline hanclers. .
4, The economse 4. The propossai does not idantity the
cosequences benefits or ss3es the
ore besrable. sconomic Impect.

Figures 7 and 8 Cpposing Positions on 1977
Proposed Standard.
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BENZENE—THE CURRENT COMTAOVERSY
Clinical Signs of Hematotoxicity

2° 70 2*T0 2°70

ANEMIA GRANULOCYTORENIA THROMBOCYTAPENIA
Essy Fatigue Fever Patachiae
Headsche infection Purpurs
Maigise Deatn Hemorrnasa (inmemaei
Claziness or sxternst)
Paipitation
Externai Dyspneas

Figure 5. Clinical Signs Of Hematotoxicity.

BENZERE—THE CURRENT CONTROVERSY
Evolution of Benzsne Stancard

1920°s 100 ppm for 8-howr day Maseschusatts snd a tew other states
1930's 50 ppm for S-hour day (Siete Standar)

1940 35 ppm for B-hour day (Slate Stsnard)
1942-45 100 ppm for 8-hour day Feders! “War-time Stzndard™
1948 100 ppm ACGIN—=TLY ~
1947 $0 pom ACGIH-TLY
1948 35 ppm ACGIH-TLY
1657 28 ppm TWA—-ACGIN-TLY
1963 25 ppm cetling valve—ACCIH-TLY
1969 10 porm TWA with 25 ppm ceiiing —ANSI
w72 10 ppm TWA with 25 ppm ceiling —OSHA
1974 10 ppm TWA with 26 pom ceding with § pom sciion fevel—NIOSH
1876 1 ppm with § pom excursion—MIOSH (proposed)
1977 1 pom with § ppm excuwasion—03HA (proposea)
Figure 6. Evolution- of Benzene Standard.
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BENZENE — THE CURRENT CONTROVERSY

Opposing Positions
0On 1877 Propozed Slandard

NIOSH—0OSMA INDUSTRY
1. Benzene ss a Leuxemogen 1. Benzeneis note primary carcinogen.
Case repors It ray D@ & PTOMoter Or Co-CArcInogen.
Rubber workers sludies No casea beiow 40 ppm
Infante stugy Epidemiciogy studies of Thorpe,
Lloyd and Joyner
2. Therse is no saty level tor 2 The=no threshoid™ concent [or carcinogens
leukemogen. is faliscious.
{carcinogen) a. A number of (actors CaN prevent cances

induction O deley It. 0.g. Matabolic
block, DNA repsir, immune response. elc.
b. Dose retationahip 1O latent period.
¢. Demoenstration of co-carcinogenic or
promoter mechsnisma.

BENZENE—THE CURRENT CONTROVERSY

Oppocing Positiona
on 1977 Proposad Standard

(Cont'd.)
3. Practicsi consiceralions 3, The proposed exsmptions arse illogical
justify examotion and arditrary.
of gesoline handiers. -
4. The scongrmec 4. The proposal does not idantity the
consequences Senefits or asteas the
are besradie. economic impact.

Figures 7 and 8 Opposing Positions on 1977
Proposed. Standard.
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