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BENZENE 

CAS: 77-43-2 

C,% 
TLV-WA, 10 ppm (= 30 mdm3)* 
Appendix A2 - Suspected Human Carcinogen 

Benzene is  a colorless, highly flammable, non-polar liquid, with an 
odor characteristi; of aromatic hydrocarbons. Its ph ysiochemical 
properties include: 

Molecular weight: 78. I 1 
Specific gravity: 0.87865 at 20°C 
Melting point: 5S0C 
Boiling point: 80. I "C 
Vapor pressure: 75 torr at 2OoC 
Closed cup flash point: 12"F(- 11.1 "C) 

It \vas formerly derived almost exclusively by distillation of coal tar, 
but now comes primarily from petroleum, either by extraction or by 
dealkylation of toluene. Benzene is slightly soluble in water, but soluble 
in all proportions in alcohol, acetone, and ether. 

At one time benzene was an important solvent, especially for 
rubber, as a diluent in lacquers, and paint removers. At present such 
uses are minimal; most benzene is consumed in the chemical in- 
dustry, as a raw material for numerous organic chemicals. It i s  found 
in gasoline from trace amounts to as much as 30% concentration 
in some countries. 

As an acute poison, benzene produces narcotic effects compar- 
able to those of toluene: it is  a more potent narcotic than the alkanes 
or naphthenes of similar boiling points. But the effect of chronic ex- 
posure to this compound i s  by far the most serious disease caused 
by any of the common hydrocarbon solvents. Its action on the bone 
marrow may result in detectable alterations, and, in some instances, 
aplastic anemia. The reported LD,, orally in young adult rats is 3.8 
ml/kg.'" 

It i s  unique among hydrocarbons as a myelotoxicant.t21 More than 
1-10 fatal cases of benzene poisoning had been recorded prior to 
1 gjg."l Vigliani and Saita'" listed 26 deaths from chronic benzene 
poisoning in two provinces in Italy between 1960 and 1963. Eleven 
of these were diagnosed as leukemia, which may develop several 
years after cessation of exposure to benzene. 

Most deaths from benzene have resulted from exposures of the 
order of 200 ppm or more. In a few instances concentrations of 1000 
or even 2000 ppm have been recorded in workplaces where deaths 
occurred. Some of these are: Legge,"' 210 to 1050 ppm; Green- 
burg;b' 70 to 1800 ppm, with over half above 200; Bowditch,'" 100 
to ZOO+ measured; one leukemia case described by Huntern1 and 
Malloryi" six years after exposure at over 200 ppm; Greenburg""' 25 
to 1000 ppm in four rooms; Helmer,'"' 140 to 200 ppm aiter im- 
provements; Savilahti,"" 318, 433 and 470 pprn: Kozlova,'"' 47 to 
310 ppm; Vigliani."' 190 io 660 ppm. aitcr four years death irom 
leukemia; J~zwiak,"'~ 31 IO 156 ppm; ~ksoy,'"' '1 50 io  650 ppm, 
and 210 to 650 ppm,'"'' 26 pdtients with acute leukcrnia or 
preleukcmia; Ikcda."" 100 to 800 ppni, 7 deaths, ,111 tem,ilcs, 1101le 

irom Icukemia. 
IVinslow;"" tiowrvcv, rq)orttd hlootl ch,ingcyj i r i  wnrlnr.; \\her(' 

concc'titr,itions ni I)enrc*nc vapor I)c*low I 00 i)pii \vc're Iountl. 
Hcimaiin and Ford I"' found onr tlis.iih ,wtl ilirc*e l,w> wlih Idor)tl 

changes where air analysis for benzene showed a concentration of 
105 ppm. Wilson*'"' reported three fatal cases in a plant where the 
average concentration of benzene vapor was 100 ppm. In a fifth 
room, associated with benzene poisoning, CreenburglO' found 11 
to 57 ppm. SO far as can be determined the lowest measured con- 
centration of benzene vapor associated with a fatal case of benzene 
intoxication (due to aplastic anemia) was the 60 ppm reported by 
Hardy and Elkins in 1 948:"' in a plant where repeated air analyses 
were made, and a number of other workers showed some blood 
abnormalities. 

of 90 workers regularly exposed to benzene for about 13 years. Con- 
centrations were generally low. but urinary phenol measurements 
indicated some exposures of the order o i  25 ppm.uJ1 A follow-up 
several yean later showed no evidence or persisting blood dyscrasias. 
No cases of leukemia are known to have occurred in this group of 
workers. Pagnotto et found workers in rubber spreading oper- 
ations involving naphtha with a relatively high benzene content ex- 
posed to benzene in concentrations which were for the most part 
between 6 and 25 ppm. A number of blood studies showed a iew 
abnormalities but only two were serious 10 warrant special consider- 
ation. In one case the possibility of leukemia was raised, but on be- 
ing removed from his job and given iron therapy the worker 
recovered. Because oi several job changes his benzene exposure 
could not be reliably estimated. 

The other worker was in a group studied intensively over a period 
of several years by Pagn0tto.l:" He had a red count below four mil- 
lion, a hemoglobin below twelve grams and suiiered from nose 
bleeds. His benzene exposure, as estimated from several urinary 
phenol determinations, was to about 40 pprn. After his exposure to 
benzene was terminated, his blood picture gradually returned to 
normal. The 38 workers in this plant were iollowed up for 15 years 
after the use of naphtha containing benzene was discontinued. None 
showed any signs of permanent blood abnormalities. There were 
three deaths, none being from leukemia. It was concluded that 25 
ppm of benzene vapor is safe for most workers, but that since the 
margin of safety is small, a TLV of 10 ppm was recommended'*" 
Elkins"*) in a summary of the iindings in the rubber spreading in- 
dustry, came to a similar conclusion. 

These conclusions were consistent with those of FuchstJ" in 1969, 
who found variations in the blood pictures oi three workers but did 
not consider that the changes were prowd to result iron1 their h n -  
zene exposures ot' 19. 28 x id  -13 ppm. re5pwtively. He ,~lso stated 
that lie could find no datal in the literature 011 prov(yj benzcnewi5oll- 
ing in coi1CCntrdiiOnS bc'low 1 b ppm, iior could tic )ind .1(IV Sovtct 
report which cited r t w m  for decrcasins ille Kussi,ln h\AC to 6 ppnl. 

Two investigators haw studtcd the etttyts on r,lts oi  p*posures .It 

relatively low lcvrk oi hwzcne v.ipor tor tN\tendLrl periotis. Dcich- 
maiiti ('I ,I/ :"' lollntf 1h.11 .illt'r 5 to 8 \\cy+s 01 j Il()llrg'dJy. 

tlaydwwk cxpowrc &it 4-1 mt l  -17 ppni. r.its dcvt*Iopecj .I nroder.ite 
tlrgrcv oi Ieuho~icni~. h t  t l w  notic rmtiItPd iron1 1 j IO 31 ppm. 
NJU ('I ,I/:*' towitl ,I dtw-.ise 111 tlw ~ I I W  t,lo~)d ct-11 COUIIIC 01 r m  
~oIlo\ving 7 5 6  I iotirs 01 i-\powri- .it 5 0  i)Im 111 t)c*nrpne on .I .chcd- 
tile l i t  H Iinur4,'(1.iy, 3 d.iwin(& Krt l i t c t .d  . ~ r n o u l i t c  ot 0x1 rn the 

Blanc*' found little evidence of benzene intoxication in a group ' 
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white cells, a depression in myelocytic activity, and an increase in 
the relative numbers of red cell precursors in the bone marrow were 
also observed. 

There have been numerous reviews of the literature of benzene 
intoxication. Noteworthy are those of the National Academy of 
Sciences in 1976"" and the NIOSH criteria document on benzene, 
published in 1 974.'311 As a result of this extremely thorough review, 
NIOSH recommended a workplace time-weighted average standard 
of 10 ppm, with a ceiling of 25 ppm. 

In 1976, ho\;;ever, NIOSH issued a revised recommendation for 
an occupational exposure standard for benzene.'"' The key to this 
recommendation is the statement in the introduction that 

"Because it is not at present possible to establish a safe exposure 
level for a carcinogen, the NIOSH recommendation is  to restrict 
exposure to very low levels which can sti l l  be reliably measured 
in the workplace." 

A number of references are given, primarily to support the charac- 
terization of benzene as a carcinogen (leukemogen). Thus, most re- 
late to leukemia cases associated with heavy benzene exposures, 
either measured or inferred from association with numerous cases 
of aplastic anemia or other blood dyscrasias. Others are epidemic- 
logic studies on cancer in which no evidence of the degree, or even 
fact, of benzene exposure is cited. Thus, in at least hvo of these 
papers,"'."' the word "benzene" does not appear. In these and 
other papers the incidence of various types of cancer, including leu- 
kemia, was found to be higher than in the general population among 
certain groups of rubber workers. Monson and Nakanoi3j' found 55 
cases of leukemia, vs. 43 expected, among rubber workers. It was 
noted that benzene has been used extensively in the rubber indus- 
try, but is no longer employed, although it is  a contaminant of ex- 
tensively used naphtha solvents. The degree of exposure to benzene 
in the rubber industry during the first half of the 1940-1 950 decade 
may well have been excessive. Wilsonlzo' has noted deaths and 
blood abnormalities among workers in the rubber industry during 
the war years who were exposed, on the average, to concentrations 
of benzene vapor of 100 ppm. Neither Monson-Nakano or other 
authors of similar papers quoted in the NIOSH update mention 
whether or not aplastic anemia or other blood dyscrasias, apart from 
leukemia, occurred in the groups of workers that were studied. 

Nevertheless. in 1977 OSHA issued an Emergency Temporary 
Standard (ETSPb' establishing a TWA limit of 1 ppm for benzene 
vapor. (Enforcement oi this standard was voided by the courts). Much 
of the evidence substantiating this action was the same as that quoted 
in the NIOSH update. However, one additional paper was cited by 
infante et al,"" in which nine leukemia deaths were reported from 
two rubber film casting plants where benzene vapor concentrations 
allegedly ranged from 0 to 15 ppm. This report was critically 
examined at the OSHA hearings held during the summer of 1977 
on a permanent stagdard, with essentially the same provisions as the 
ETS. The data on benzene exposure in the two plants in question. 
especially during the iirst part oi the ten year employment period 
( 1 9 ~ 0  to 1950) covered by the study, were tourid to be incomplcte, 
unreliable and contradictory. Even in 1976 J NIOSH report oi one 

Epidemiologic studies of workers exposed to measured low con- - 
centrations of benzene vapor have yielded negative or inconclusive ' 
results. Thorpe,'H1lafter studying the occurrence of leukemia in a 
population of 38,000 workers in a variety of European petroleum 
and petrochemical operations, some of whom were exposed at levels 
of benzene that occasionally reached 20 ppm, over a period of.ten 
years, found that deaths from leukemia "were not abnormal" for the 
countries involved (1 8 VS. 23.23 expected). 

Retrospective studies of employees of a large chemical company, 
exposed for many years to benzene, mostly at low levels, revealed 
no excess mortality."'.'" A cohort of 594 workmen were divided 
into four exposure groups: very low exposures, less than 2 pprn as 
timeweighted average W A ) ;  low exposures, 2-9 ppm; moderate 
exposures, 9-24 ppm; and high exposures, above 25 ppm. In many 
areas there was exposure to other chemicals as well as to benzene. 
The duration oi exposure was also divided into four groups, with 
186 workers having in excess of 20 years. 

Of 102 deaths, two were due to anemia, two to leukemia, and 
one had leukemia as a complication. Of these five cases, only one, 
an autopsyconfirmed pernicious anemia, involved a previous ex- 
posure to benzene of significance, 5520 ppm months. The other 
anemia death, diagnosed as being of the aplastic type, was of a worker 
with 453 ppm months of benzene exposure. Two of the leukemia 
cases involved exposures of 545 and 305 ppm months, respectively, 
while the third was of a worker with only 18 ppm months benzene 
exposure. 

To put these exposure data in perspective, three oi the deceased 
workers had had exposures to benzene equivalent to 40 years' em- 
ployment at concentrations slightly above or below 1 ppm; the ex- 
posure of the fourth, if spread over 30 years, would have been at 
a concentration of 0.05 ppm. 

The predicted deaths from anemia and leukemia were 0.2 and 1, 
respectively. The iact that, apart from the pernicious anemia death, 
there appeared to have been no dose-response relationship, which 
apparently led the authors to the conclusion that "no mortality iind- 
ings directly attributable to benzene exposure were observed." 

The NIOSH update mentions the consistent observation oi 
chromosomal aberrations associated with benzene exposure. but iur- 
ther comments that the implications oi these iindings with respect 
to benzene leukemia are sti l l  not clear. The possibility oi a 
chromosomal instability acting as a stimulus tor a latent leukeme 
genic virus has been speculated upon:'" This question was dis- 
cussed at some length at the International Workshop on the 
Toxicology of Benzene, held in Paris in November 1976. ToughJJi 
had previously reported that marked aberrations were found only 
in plants where concentrations of benzene vapor were believed to 
be between 25 and 250 ppm, and that no signiticant change were 
observed at 12 ppm. Forni,"" however, stated that there had Iwen 
,I few positive, as wrll LIS negative, rrports at levels bet\veen 5 ,ind 
25 ppm. Tlic conseiiws of opinion w.is that the signiiicance oi the 
iinding oi increased cliromosonie abcrraiions ior the occurrence 01 
benzene Icukt*nii,i w i s  s t i l l  iiot clew. h.\,iiigcri .ifld PoIIi1iI~;- 

. reported th.it ,iiiionS It.ili,iii *hoe workcrs 
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D&owin's report'*" of a case of leukemia following an apparent 

benzeneinduced aplastic anemia contains a discussion which in? 
plies that there is evidence that aplastic anemia per se may lead to 
teukemia, and that delayed cases of this disease are not confined 
to aplastic anemia due to benzene. 

It is  the opinion of the Committee that the characterization of ben- 
zene as a leukemogen by NIOSH is, in essense, valid, although ben- 
zene may be what Truhaut has described as a "secondary 
carcinogen."'"' An A2 notation should be applied to benzene in the 
TLV listings. 

On the other hand, the Committee does not agree with the NIOSH 
recommendation of 1 ppm as an occupational exposure standard, 
insofar as the TLV can be defined as such a standard. There is  little 
evidence that exposure to benzene at concentrations below 25 pprn 
causes blood dyscrasias of any kind. Setting the TLV at 10 ppm, as 
a time-weighted average, provides an added margin oi saiety. 

If the standard is to be set at the lowest practicable detectable limit, 
it is  the opinion of some members of the Committee that a value 
lower than 1 ppm should be selected. In the absence of interfering 
substances benzene vapor can be measured with reasonable accuracy 
in concentrations at least as low as 0.1 ppm; in the presence of cer- 
tain interferences, it may be difficult to achieve the prescribed ac- 
curacy and reliability even at concentrations somewhat above 1 ppm. 

Because the effects the TLV is designed to prevent are chronic in 
nature, a ceiling designation is not appropriate. At this time, the Com- 
mittee also recommends the deletion of the STEL until additional 
toxicological data and industrial hygiene experience become avail- 
able to provide better base for quantifying on a toxicological basis 
what the STEL should be. The reader is encouraged to review the 
section on Excursion Limifs in the Introduction to Chemical Substances 
of the current TLV booklet for guidance and control of excursions 
above the TLV-TWA, even when the 8-hour nivA is within the recom- 
mended limits. 

Other recommendations: ANSI (1969) and Sweden (1975) 10 ppm; 
Czechoslovakia (1969) and East Germany (1973) 16 ppm; USSR 
(1 972) 1.6 ppm; West Germany (1974) no value, treats as carcinogen. 
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