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APl TOXICOLOGICAL REVIEW OF BENZENE

L. Substance

Benzene
Formula: CH,

Structural formula: O

Molecular weight: 78.11
Synonyms: benzol
phene

IL. Properties and Characteristics - * *

Boiling point =30.1 C (176.2F) at 760 mm.

Melting point =354 Cto5.5 C (417 Fto419 F).

Vapor pressure =74.6 mm of mercury at20 C (68 F) .

Liquid deasity =0.899 g per milliliter at 0 C (32 F).

Explosive linits = 1.4 to 8 per ceat.

Flash point = 12 F (closed cup).

Refractive index=1.50162t20C (68 F).

Specific gravity =0.8787 at 15C (59 F).

" mg per liter =|3.13 ppm; 1lepm=0.00319 mg per
iter.

Benzene is a clear, colorless liquid with a charac-
teristic pleasant odor at low concentrations and a dis-
agreeable odor at higher concentrations. It forms a
highly flammable and explosive mixture with air at con-
cantratiosranging from 14 to 80 per cent benzene by
volume. Pure benzene burns with a yellow, luminous,
smoky flame and IS a fire hazard unless proper care is
takenin handling and storage.

Benzene is relatiely insoluble in water (0.08 g in
100 m! of water at 22 C) but is readily miscible in all
proportions with aleohol, sther, acetde acid, chloroform,
carbon disulfide, carbon tetrachloride, and similar or-
ganic solvents. Commercial benzene is practically never
pure and usually contains varying amounts of xylene,
phenol, and toluene; commercial benzene also coatains
traces Of carbon disuifide (0.2 to 10 per cent), thio-
phene (0.1 to 0.2 per cent), olefins, naphthalene, and
similar substances,

Chemically, benzene is the simplest Of the aromatic
hydrocarbons. It is relatively stable but is capable of a
variety Of substitution reactions such as chlorination,
nitration, sulfonation, and alkylation. Benzene is an ex-

xllent solvent for most organic substances.

® Figurcs refer to BIBLIOGRAPHY on p. 6.

IIL. Manufacture, Uses, and Possible Sources of
Exposure

Benzene is usually manufactured fion catalytically
reformed light naphthas fron which it & isolated by
distillation Or solvent extraction.

Benzene is used as a solvent in many applications. [t
i also used as a component of some motor fiels and as
the raw material for the manufacture of a host Of syn-
thetic chemicals. Examples ae: styrens, phenol,
aniline, DDT, chlorobenzene, cumene, nitrobenzene,
diphenyl, cyclohexane, adipic acid, and dstergeats,

Because of its volatility, benzene presents a vapor
hazard. The vapor may arise from aumerous handling
operations, as well as from leaks and accidental spills,
Skin contact is a possibility when handling or packaging.

IV. Toxicology

a. Acnte Effects

Acute benzene poisoning gererally results from the
iralation of refatively high concentrations of vapor.
Exposure to air containing benzene in concentrations of
19,000 pom 1 20,000 ppm (61 1 65 mg per liter of
air) may cause death within5 to 10 min, whereas con-
centrations of 7,500 ppm (25 ng per liter) are dan-
gerous to life IN one-half to ome hourt Sevars toxic
effects may be caused by 1-hour exposurs O concen-
tradoas of 1,500 ppom (4.8 mg per Iil@). Concentra-
tions of 500 ppm (1.6 mg per liter) may lead © symp-
toms of illness when exposure continues for more than
a short time.*

Inhalaton of 50 ppm to 150 pam (0.10 © 048 mg
per liter) of benzene for 5 hours caused slight headache,
weariness, and lassitude. The red-blood count de-
creased, the white-blood count was unchanged except
for mild lymphocytosis, eosinopenia, and monocyto-
penia. The albumin-globulin ratio increased slightly
at Jower concentrations but decreased with higher con-

centrations. The urinary coproporphyrins were 1 — -

creased, whereas the urinary sulfate ratio was de-
creased.*

Skin contact will cause dehydration and defatting
which may lead 10 dermatitis. Systemic intoxication by
cutaneous aDsOrption IS unlikely.

Drinking benzene causes acute symptoms with local
evidence Of acute irritation of the mouth, throat, and
stomach. A tablespoonful Or less of benzene when swal-
lowed has been known to cause serious collapse. Subse-
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quently, it may result in bronchitis or pneumonia which
is probably caused by benzene entsring the air passages.’

Acute exposure to benzene exerts a toxic action on
the central cervous System. Benzene frst behaves as a
stimulant—in the early stages of acute poisoning, per-
S show excitement, euphoria, hilarity; thea quits sud-
dealy this changes to weariness, fatigue, and slespiaess,
followed by coma and death.

Acute exposurs to benzene produces rapidly increas-
ing symptoms of dizziness, excitadoa, and pallor, fol-
lowed by flushing, weakmess, headache, breathlessness,
constriction in the chest, and fear of impending death.
Visual disturbances, tremors, and muscular weakness arc
also encountered. The victim may loss consciousness
and pass into coma or may develop acute mania and de-
Irum  Coavulsions occur frequently, Death may
supervens almost at once or several hours to several
days following exposure.®

Recovery from acute benzene poisoaing requires
from ocae to four weeks. Immediately after exposure
then are temporary symptoms of chest and head pains,
shoctmess of breath, giddiness, nausea, and loss of ap-
petite. Evideace of uasteady gait, nervous irritability,
and breathlessness may persist for two or three weeks,
whereas cardiac distress and a peculiar yellow pallor to
the skin may last for as long as a month. Recovery from
acuts poisoning is generally complete atter this period,
although evidences of chronic benzeze poisoning may
be eacountsred later,?

Benzene alo seasitizes the heart muscle to the action
of epinephirine, so that instant death may occur as a
result of veatricular fibrillation,' Museuiar activity in-
creases the rate and severity of acute benzene poisoning,
Persons dying of acute benzene poisoning gsaerally show
absence of clotting of the blood and widespread pe-
techial hemorrhages in the brain, pleura, pericardium,
urinary tract, intestinal tract, mucous membranes, and
skin. Thers are no specific lesios of diagnostic im-
portancc9

Lacal effects from acute exposure are seldom seven.
Continued skin contact with benzene results in defatting
of the skin and leads to erythema, dry scaling, and, in
some cases, the formation of vesicular papules. Pro-
longed ¢xposure may produce fesions resembling &st-
Oor second-degrae burns. It may cause considerable ir-
ritation of the eyes or mucous membranes of the nose
and throat on contact.

Benzene poisoning by skin absorption has received
scant attention in the literature. The possibility of per-
cutansous absorpdon of bHenzene has been studied in
three uses. Immersion of the hands and forearms from
25 to 35 min showed no evidence of skin absorption.'®

Unquestionably, small amounts of benzene <aa be ab-
sorbed through e skin, but it is very doubtful that
enough would be absorbed by this route to cause sys-
temic poisoaing.’

b. Chronic Effects

Chronic benzene poisoning results from repeated or
continuous exposure to relatively low concentrations of
c+azens vapor. The level and degree of exposure neces-
sary 1 produce poisoning vary widely. There are at
least two well-authenticated cases of poisoning by cz-
peated exposuresto 75 ppm.

The toxic action is ¢xerted mainly On the hematopoi-
etic system. It may take morths or even years o show
harmful effects. Symptoms may be preseat over long
periads, i.¢. headaches, dizziness, fatigue, anorexia, and
dyspaea, They may be varied and vague and oot ob-
viously coanected with beazene poisoaing.

During the early stages of poisoning, Heinz bodies
may be present in the red-blood cells and a neutropenia
is oftea seen. At this stage the blood pictute may re-
turn 0 normal after removal from coatact with benzene.

As chronic pawsoning progresses, nausea and vomit-
ing, burning sensations of the eyes and throat, and
gemorrhages from muoous membrana, toagus, and
gums become maaifest. Purpuric spots and ecchy-
moses may follow the slightest injury, and epistaxis may
ooor. Menorrhagia, metrorrhagia, and spoataaeous
aoortion may develop in otherwise healthy women.
Blood ¢xamination at this point may show leukopenia
(below 4,000 white cells), asutropenia, and a severe
anemia. Later the platelet count fall- :z *>~¢ thrombo-
penia is marked, The blood condirtion, at this stags, may
have become irreversible, The clinical picture of a
worker with chronic benzene poisoaing at 45 stage is
characteristic—he complains of headaches, giddiness,
droasiness, lassitude, loss of appetite, and causea with
occasional vomiting. He looks pale; is short of breath;
has a rapid pulse, alow blood pressure, and a mildly ele-
vated temperature. He may also have epistaxis, bleeding
fron the gums, a purpuric rash, or subconjunctival
hemorrhages. The coandition progresses slowly to acute
leukopenia eadlag in fatal aplastic anemia,* Repeated
small doses of benzene hv maonth can produce the same
tvpe Of chronic poisoaing.’

Repeated contact ot benzene With the skin will cause
dedydration and delipidization predisposing to derma-
s

Benzene is relatively insoluble in body fuids aad tis-
suss, Therefore, only small amounts are absorbed by
the body. Equilibrium between blood and air is ap-
proached Withil a few minutes after exposure is begua,
and practically completeelimination 0f benzene fram the
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blood accurs withii a few minutes after exposure is ter-

* minated. Higher concentrationsof benzene are obtained

.n tissues with a greater fat content, and saturation and
elimination are more gradual.!?

Humen subjects iahaled benzene in concentrations of
340 micrograms per liter of air for 5 hours. Between 33
and 65 per cent of tre inhaled benzene was retained
(385 mg). Durmg the desaturation period 3.8 to 27.8
per cent of rstained benzene was excreted through the
lungs and 01 to 0.2 per ¢sat in the urine and other body
excreta. CF the absorbed benzene, 9.7 to 42 per cent
was excreted in the urine as phenol, 0 1 5.4 per cent as
pyrocatechol, and 0.1 © 33 per cent as hydroquinone.
Excretioa of phenol and pyrecatechol was highest during
the frst 24 hours and complete in 48 hours, wheress
hydroquinone took more than 48 hours. Excretion of
organic sulfates in urine of exposed subjects was in-
creased. The opinionwas expressed that benzene affects
the metabolism of proteins, the metabolites of which
are excreted in urine as ethereal sulfates.®

Benzene is Unique in its myelotoxicity, It has been
shown that the introduction of an alkyl group into the
aromade ring resultsin a loss of its myelotoxic property.
This differeace may be a result of the difference in the
metabolic pathway. Beazens is metabolized to phenols
and quinones which iahibit cell production. The In vivo
metabolites of alkyl benzanes are alodhols and carboxylic
acids resulting from side chain oxidations. These com-
pounds have a low-arder toxicity and are devoid of spe-
@& cell destructive efscts, '+

A variety of reactions may be encountered as the re-
sultof the chronic effect of benzeae poisoning. Tucisis
little correlation between the degres and duraton of ex-
posure and the severity Or nature Of the findings in the
blood on microscopic examination.** They may consist
of a reduction in red-cell, white-cell, or platelet levels—
in any two of these or in all thrse. These changes may
develop gradually or suddenly. The blood usually shows
a noderate reduction in red celts (below 3.5 millia),
white cells (below 4,500), and platelets, Blood exami-
nations for evidence of benzene poisoning should con-
sist of a complete study of red, white, and platelet b<-
tons. Progressive changes arc more significant thanthe
absolute levels.

In anemia caused by benzene, it has been shown that
then is a constant increase in serum iron (average in-
creese. 213 micrograms) which is associated with a N-
duction O€ transiecrin (average reduction. 225 micro-
). The irn saturation of traasterrin is above
normal and is matched by iron saturation of the tissue.
The cause of the disturbance of iron metabolism in ben-
zene poisoning is the failure of the marrow 1 utilize

iron as well as increased intake of iron supplied pa¢-
entecally by traasfusion,'

There is some evidence that chronic benzene poison-
Ing producses a blood~clotting dafect which is caused by
functional and morphological as well as a quantitative
altaration Of the platelets.,'r The marrow cells exhibit a
decrease in peroxidase in beazene poisoning, Because
benzene inhibits granulocyte maturation, it may act on
peroxidase metaolites, or the peroxidase may be used
up in detoxifying benzene.:*

The bone marrow may be hypoplastic, fairly aormal,
or byperplastic in appearance. Abnormal forms or
young Gells may abound, and leukemia as a resuit of
chronic benzene exposure has been reported. Various
individuals differ in their bone marrow respoase to ben-
me—e  WiIth symptoms fairiy soon after exposure
usually have fewer cells in the marrow, whereas cases de-
veloping later are more apt to have an increased number
of cells in the marrow. It is believed that thiS repraseats
an early weeding out of those who develop hypoplastic
changes, rather thena gradual shift from one type of re-
sponse to the other.** 20

In a loag-term follow-up of chronic benzene poison-
ing 4,538 cases wen studied from 2 0 12 years after
cessation of work lavolving exposure. Then has been
only one fatal case, six cases involving bone marrow
changes, and one case Of lowered resistance to infec-
tion.” The others were practically well but show varying
degrees of neutropenia.

Benzene is eliminated from the body via the lungs
aad the kidaeys. In one study C—14 labeled
benzene was given orally to rabbits. In 2 dare 4%
per cent oOf the dose was ¢liminated in the expired air
(43 per cult as unchangsd beazeas and 15 per cent as
carbon diodiCE), and 35 per cent was ¢lminated as
metabolites in urine (23 per cent as phenol, 48 per
cent as quinol, 2.2 per cent as catechol, 0.3 per cent as
hydroxyquinol, 0.5 per cent as L.pheaylmarcapturic
acid, and 13 per cent as trans-, trans-muconic acid).
Five per ceat of the administered radioactivity was
found in the tssues occurring mainly as metabolites.” "

Certain factors have been zoted which influence in-
dividual variation in susceptibility to benzene, Over-
weight individuals are more ¢commoaly affected,® and a
low-protein, high-fat, low-Vitamin C diet is said
promote the dissase. The peeseacs of heart or lung dis-
ease and liver or kidney damage are believed to pre-
dispose to the condition.®* Pragnant women may be
more susceptible © benzene poisoning.* Pathologi-
cal changes in ovaries, testes, thyroid, and pituitary
are attributed to benzene; and changes in women work-
ers leading to sterility are emphasized.*
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¢ Recommended Limit of Atmospheric Exposure

The generally cecognized maximum acceptable con-
centration fOr benzene vapor is 25 ppm by volume in
air (0,08 mg per liter of air) for an 8-hour daily ex-
In Germany the <<~ — permissible con-
centration 1 which workers may be exposed is 313 ppm
by volumeim air (0.1 mg per liter of air).®* The Massa-
chusetts |aws have established 25 ppm aS a maximum
benzene concentration.’*

Y. Treatment

Acute benzene poisoning should be considered an
acute emergency. Remove the victim from furthec ex-
posurs at ooce and «ald a physician immedtately. The
patent should be kept warm and quiet in the recumesat
positdon. If breathing has stopped, artificial cespira-
tion should be started at once. Oxygen should be
administered by a qualided person as long & necessary
1 maintain the normal color of skin and mucous mem-
branes. Tais may prevent the development of severs
pulmonary edema. Stimulants will rarely be necessary
when adequate Oxygenation B maintained.’

Cars should be takza thatrescuers are not also over-
come by vapors.

Chronic benzene poisoaiag is extremely reéractory
treamment. It is most Important that the condition be
diagnosed early and the individual withdrawn fron fur-
ther contact with tte hydrocarbon. Blood transfusions
ars tempocarily useful in combating severe anemia.

VIi. Esssisn tion

The prs<mployment examination should include a
dstailed history, physical examination, chest Xray,and
complete blood count. Workers With organic disease
of the heart, lungs, liver, or Kddasys should be elimi-
nated, as should those with a history of pravious ben-
zene intoxication Or evidence 05 @n abmormality Of
the blood or blood<clotting mechanisms. = 26

Periodic re-examinations should de carried out regu-
larly, the frequency being determined on the basis of the
probable degree Of exposure. The examination should
include a brief (nterval history and paysical examination,
together with a complete bloed study. The presencs of
ay of the blood changes described require re-examina-
tom at lust wwvice at imtervals Of one week and 2
thorough study ot the working conditions. Unless there
is noticeable improvement ON re-examination, the
worker should be withdrawn from further exposure.
The f{ollowing changss call for re<xamination: white-
blood count less than 4,000, red-bleod count less than

4,000,000, hemoglobin (ess than 12 g pec 100 ml
(80 per cent), blood piatelets less than 100,000 per
cu mm, differential count less than 50 per ceat poly-
morphonuclear leukocytes, and more than a very few
immature Dlood cells. The urine sulfate test may be
used, NOt as a diagnostic test, but & a measure of the
degree Of the current beazene exposure. It does not
measure the degree Of beazens poisoning nor the blood

changes present.!
VIL. Precautionary Measures

The safety measures ascessary fOr the preveation of
benzeae POISONINY ar® primarily those designed to pre-
vent the intalation of beazene vapor. Proper veatilation,
loal exhaust, and closed systems should be used to
maintain a concentrationbelow the maximum acceptable
conczatraton of 25 ppm by volume in air. AU apparatus
and piping should be inspected regularly and sys-
tematically for (eakags, Whea excessive concentrations
are unavoidably encountered in operations such as the
cleaning of tank cars, vais, or storage tanks, air masks
and protective clothing should be ~~: loyed.?* Employ-
e should be fullv instructed regarding health hazards
which may be preseat in the handiing of benzene and
should immediately report any unusual symptoms or
illness. Clothing wet with benzeae should be removed

mptly.

If the hands an likely © have contact with beazsae,
impervious gloves Or protective ¢rsams should be
used. Proper \entlabin, routine plant inspection,
control Of benzene air concentration, and periodic meds-
cal examinations am an of the umost importance.s

The concentration of benzene vapor ia the air should
be checxen regumry M IdcAHOMS whitre the possibility
0S excessive exposure may e encountered. "l aisAy be
done by a vanety of procsuUres among waich are the bu-
tanone method,® the mdinitrobenzene reduction
method,> an absorptiometric method, and a photo-
colorimetric determimation. The latter method in-
volves the nitration Of benzene with Stepamov mix-
ture which forms mdinitrobenzens, This gives a
color reaction with acetone I alkaline solutions.
Under similar conditions tolusne gives a faint viofet
color. Based on these photocolorimetric methods smail
quantities Of benzene and toluene can be determined N
air.® More eeeady a silica gel adsorption method
has been reported.®® Accurate quantitative study Of
atmospheric benzene as low as 0.003 mg per mi
(0.9 ppm) may be determined by adsorption ONn acti-
vated silica gel and elution with absoluts alcohol. The
benzene coatznt is then determined spestraphotometris
cally according © ASTM Designation D 1017: Method
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of Test for Benzene and Toluene by Ultraviole: Spec-
trophotometry. The range OfF measurement is 0.003 mg

» 1.28mg per liter. 'The mean yield was approximately

3 per cent.

There am a number of instruments on the market
which measure hydrocarbon air contamination. The
presence of more thanone hydrocarbonvapor, however,
produces erratic results.
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