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Percutaneous Penetration of Benzene
and Benzene Contained in Solvents
Used in the Rubber Industry

HOWARD 1 MAIBACH, MD.
DENNIS MARK ANJO, M.S.
University of California Medical Center
Department of Dermatology

San Francisco, California 94143

ABSTRACT. Penetration of benzene through the skin of
the rhesus monkey wes determined using *4C-benzene, and
guantitatingthe labelled metabolitesin urine. The modes of
application and amounts of benzene that penetrated the
skin (indicated in parentheses) are as follows: (1) a single,
direct cutaneous application of liquid benzene (0.172 =
0.13%); (2) a single application of benzene<ontaining
[036%] solvent (0.0805 = 0.0308)%); (3) multiple washes
with full-strength benzene (0.848 = 0.0806%); (4) multiple
washes with the benzene<ontaining [0.35%} solvent (0431
+ 0.258%); (5)removal of the stratum corneum followed
by application of full-strength benzene (0.909 = 0.627%);
and (B)application of benzeneto the palmar surface (0-661
+ 0.482%). Until more complete human data becomes avail-
able, benzene penetration in the monkey may be used to
estimate penetration in man, both for industrial hygiene

" purposes and general toxicological Use.

ALTHOUGH BENZENE is a ubiquitous substance to
which most of the population is exposed daily,' there has
been little direct experimental data regarding benzene
absorption through the skin. This is of practical importance
since benzene is present, for example, in small amounts in
gasoline (up to 2-3%)and in minute quantitics in water sup-
plies.! Various amounts of benzene are present in solvents
and mixtures used in manufacturingand other industrial
processes; therefore, employees may have skin contact with
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solvents or other mixtures containing benzene in trace
amounts, i.e., lessthan 05% by volume.

The data contained in studies conducted prior to 1962
investigating benzene absorption via the skin are summarized
in the piscussioN section. Early data do not provide a suf-
ficient factual basis for determiningto what extent, if any,
benzene is absorbed through skin—either at full strength
(100%), or where present in a small amount in a solvent or
other liquid mixture.

This report describes skin absorption of full-strength ben-
zene and benzene which is present in trace amounts in sol-
vents used in the rubber manuf: sturing industry. The pur-
pose of the study wes to determine the extent of benzene
percutaneous penetration, if any, using full-strength benzene
and a rubber solvent containingsmall amounts of benzene.

MATERIALS AND METHODS

The experimental details are the same as those described
by Feldmannand Maibach.® Three rhesus monkeys were
studied for each experimental variable. The rhesus monkey
wes selected for these experiments because it has been
shown to.be areasonable model for percutaneous absorp-
tion where relevance to manis sought.* While percutaneous
penetration is a complex process, itappears from data
derived from research with compounds other than benzene
that absorption in the rhesus monkey bears a marked simi-
larity to absorptionin man,

Parenteral administration of benzene. A 1.13 ug (3.733
uCi) dose of *4C-benzene was dissolved in propylene glyco!
and injectedinto the thigh of each rhesus monkey.
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Cutaneous administration of benzene. A 50 ul (43.95
mg) dose of benzene with an activity of 4.33 uCi was
spplied 10 a12.9cm? (341 mg/cm?) area of the forearm
or Palm of each monkey and allowed to dry. The treated
um Wes kept isolated for 4 hr after application of benzene.

Duringall cutaneous applications of benzene the mon-
keys were transferred outside the vivarium to minimize
inhalation and to preserve the controlled atmosphere of the
laboratory; all monkeys wore respirators during the appli-
cation, One to 3 days prior to benzene application, the fore-
arms Were lightly clipped With an electric clipper. It should
pe noted that a previous experiment with rhesus monkeys
indicated that this procedure does not grossly alter pene-
fraion’

All monkeys used in this study were trained to sitin
metabolic chairs. The monkeys were sedated with ketamine
hydrochloride and appropriately dosed (see above). They
were kept in the metabolic chair and were fed food and
fruit (each havinga high water content) and water ad libi-
dum.

Percutaneousadministration of benzene in a rubber sol-
vent. A petrolleum distillate mixture containing 0.36%
benzene (157 uCi/50 ui dose) was preparea. The 30 ul
dose was applied over a 12.9-cm? (123 pg/cm?) area and
was allowed to evaporate. The rubber solvent—a petrolleum
distillate—was a mixture of aliphatic and aromatic hydro-
carbons with a boiling point range of 104' to 266°F. The
major components of this mixture are C,~C, aliphatic
hydrocarbons, including butane, isopentane, pentane, hex-
ae cyclopentane, and heptane. The aromatic portion of
the mixture contains benzene, toluene, and xylenes as major
components.

Palmar exposure to benzene in a rubber solvent. *C-ben-
zene was dissolved in a rubber solvent containing 0.35% ben-
zene to aconcentration of 592 uCi/50 kl. The solution was
mece from a benzene lot with an activity of 54 mCi/mmol;
833 ug benzene was added to the solvent containing 158 ug
of benzene. This addition, however, did not significantly
increase the benzene concentration. Fifty ml of the solvent
containing **C-labetled benzene were applied to 129 c¢m?
(12.3 ug/cm?) of the palmand allowed to dry.

Exposure of "'damaged skin'" to full-strength (1 00%) ben-
zene. An area of the forearm skin wes repeatedly stripped
with cellophane tape until it glistened. This process removed
the stratum corneum to simuiate damaged skin. Fifty micro-
liters of ¥4 C-labelled benzene (43.9 mg; radioactive dose of
425uCi (431 mg/cm?)] were applied to the stripped skin
area and allowed to dry.

Multiple exposures to full-strength (100%) benzene. One
hundred microliters of reazgent grade benzene (unlabelled)
were appliedto a 12.9<m* area of the monkey's forearm
on 10 separate occasionsat 15-min intervals during a 25+r
period. A total of 681 mg/cm? benzene wes applied. Fif-
teen minutes following the last application, 50 ul of }#C.
labelled benzene {43.9 mg; radioactive dose of 4.94 uCi
(3.41 mg/cm?)] were applied to the same site and allowed
to dry. The application of the *C-labelied benzene was
always performed in a ventilated passage open to the out-
Side air with the monkeys wearing respirators.

Multiple exposures to benzene in a rubber solvent. A rub

I solvent containing 0.35% benzene was utilized, the char-
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acteristics of which are described above. *C-benzene was
dissclved in the rubber solvent (0.35% benzene) to a concen-
tration of 592 uCi/ml. This increasedthe initial amount of
benzene (3.16 mg) by 852 ug but not significantly (*4C-
benzene activity = 54 mCi/mmol). The rubber solvent con-
taining **C-labelied benzene was applied to the monkey's
forearm in 100ul (1.29 cm?) doses on 10 separate occas-
ions at 10-min intervals. A total of 592 uCi was applied
(68.1 mg/em?® benzene). The application was done in a ven-
tilated passage open to the air with the monkeys wearing
respirators.

Urine and fecal analysis. Urine and feces were collected
for assay of 2*C to determine the completeness of excre-
tion and to identify the kinetics involved. Each aliquot of
urine wes oxidized with chromic acid; the **C-CO,, released
was captured and counted. The feces were diluted with
water, aliquoted, and oxidated ina manner similar to that
of urine.> Data analysis was performed on a programmable
microcomputer.

RESULTS

Parenteral administration of benzene. The average excre-
tion wes 41.04 £ 9.41% of the injected dose, with individ-
ual values of 47.04%, 45.84%, and 30.1 8% (Table 1). Par-
enteral excretion data were utilized in preparingthe cor-
rection figure for topical experiments, i.e., to correctto in-
complete urinary excretion. No significant counts were
found in the feces.

Cutaneous administration of benzene. The penetration
values were 01 06%, Q1 22%, and 0.288% of the applied
benzene doses, with an average of 01 72 = 01 39% [stan-
dard deviation (SD)] (Table 1). This utilized the correction
factor of 244, as determined in the parenteral study of ben-
zene. No significant counts were found in the feces. All
standard deviation values include the uncertainty contri-
bution of the parenteralinjection.

Percutaneous administration of benzene in a rubber sol-
vent. Usingthe parenteral correction factor of 244, the
penetration was 0.0805 * 0.0306% of the benzene applied
dose, or 0.00029% benzene in relationto the solvent
applied (Table 1).

Palmar exposure to benzene in a rubber solvent Using
the parenteral correction factor of 2.44 to correct for incom-
plete excretion, the 14C-benzene and metabolites detected
inthe urine was 0.651 * 0.482% (N = 3) of the benzene
portion (0.35%) of the applied dose, or 0.00208% benzene
in relation to the solvent applied (Table 1).

Exposure of ""damaged skin'* to full-strength (100%)ben-
zene. Penetration, corrected for incomplete excretion using
the parenteral correction factor of 244, wes 0.6023%,
1.3868%, and 0.7393% of the applied dose, or an average of
0.909 * 0.627% of the applied dose (Table 1).

Multiple exposures to full-strength (100%) benzene. Urin-
ary excretion of the **C-labelled benzene, corrected for
incomplete excretion, was an average of 0.838 + 0.806%

(N = 3) of the applied dose (Table 1).

Multiple exposures to benzene in a rubber solvent. Pene-
tration of the benzene portion of the applicd dose, cerrec-
red for incomplete excretion, was 0431 * (.258% (N = 3)
of the benzene portion (0.35%) of the applied dose, or
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Full strengt1 ¥ Coben tene was injected irto rhes s mor.

ceys and its prasencg wa identified quantitatively e1d kinet:

ally througn nalysis of the ur ne anc feces. Radicactive

-spzenu wils 3 plieg ty t-e forearm of the monkeys to quan-

tate absorpzicn. Usir g the correction factor of 2.4+ deter-
nined | mhe parenteral study the penctration was (.17
- 0.100%0f th2 100%benzene administered. **C-benzene,
acaonmponen of a rubber solvent containing 0.36%5 be-
‘ne, wis anplizd topical v to the forearm of the monkeys,
sing ihe parer teral correction factor of 2.4, the actua,
metra ion wa 0.085:+ 2.0206% of the benzene portion
'1.36%) of the applied dose, or 0.00029%benzene in refa-
¢ 0 to 1he solvent appiie 2. The 0.172%and 0.030% pene-
1-ition tigures suggest that wnen similar amounts of ben-
r¢ne are presened in diluted and concentrated forms, pro-
sortionally less benzene rnay be absorbed in the diluted
ferm. In the multiple exposure experiment, 100 a4l of full-
;l-ength (100%)benzene (unlabelled) was applied to the
mnasus monkey's forearm on 10occasions at 15-min inter-
sais, followed by a 50 ul close of **C-benzene. The penetra-
ion of thateleventh dose was 0.848%~approximately 4.5
umes the 0.172% penetration reported in the single expos-
ure study.

The single and multiple exposure results cannot be com-
»ared in a linear retationship, because in the multiple expos-
sre experimentthe first 10 doses were 100ul each, rather
than 50 pl. The larger doses were to approximate the effects
>f chronic exposure to full-strength benzene. It was thought
hat the use of 100ut doses of full-strength benzene might
nave a more deleterious effect on the skin than 10similar
doses in 50 ul amounts.

The results of the stripped skin experiment using full-
itrength benzene suggest that the multiple exposure exper-
ment may approximate benzene's chronic effects. After
the stratum corneum layer of the forearm skin had been
itripped using cellophane tape, the penetration was 0.909%,
vhich is in a close range to the 0.848%actual penetration
‘eported in the multiple exposure study.

In the multiple exposure experiment using rubber sol-
rent labelled with **C-benzene, 10separate 100u! doses
were applied at 10-min intervals. The penetration was
3431 % of the benzene portion (0.35%)of the applied dose,
r 0.00108%benzene in relation to the solvent applied.
This is approximately 4 times the single dose actual pene-
ration (using a 50 ul dose rather than 100 ul doses) of
3.0805% of the benzene portion (0.36%)of the applied
iose, or 0.00029%in relation to the solvent applied.

To approximate chronic exposure to benzene contained
n rubber solvent, 100 ul doses, rather than 50 ul doses
were used in the muitipleexposure experiment wita a sol-
ent. The 0.431%actual penetration of benzene computed
tn this multiple-exposure experiment is slightly more than
half the 0.848% penetration in the multiple-exposure exper-
tment using full-strength benzene. A similar relationship
between penetration of full-strength benzene and benzene
in rubber solventwas found in the single-exposure experi-
ments reported previously. In the solvent experiment, how-

mﬁﬁﬁgﬁ
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sver, the benzens penetiation of ail 10 doss war WL
vih le the full-strength benzene expernment neaured only
1e penetration of the eseventh dose.

The actual penetration of M C-venzene it rubver solvert
dhrough the rhesus palm was 0.651%. This g enet-ation was
g-eater than the penetration through the rhisus lorearm
of (.0805%, and indicates that at least in th: rnesus mon-
kzy, the palm is probably a poorer barrier for benzene than
the forearm. Itis not possibie to compare rkesus palmar
absorption to absorption through the humaii palm since
no literature is available on this subject. It may be ques-
trianed whether the relationship between rhesus farearm
and palmar absorption of benzene will be re:evant to man.
Buased on the limited data with compounds ¢ther than ben-
zene in man, the absorption through the human palm was
foundto be approximately equal to absorption through the
forearm.5+6

Adequate quantitative identification of systemically
absorbed benzene requires that the chemical and its metab-
olites be isolated from biological fluids or excreted pro-
ducts. This task is complicated by the relatively simple
nature of this chemical and the biochemical ubiquity of its
compounds and metaboii tes. Much of absorbed benzene is
metabolized and the metabolite pool is derived from var-
ious sources in addition to the exogenous chemical.'
Because of normal biological variability, it is difficult to
quantitate the exogenous benzene source of such metab-
olites. Even with many of the highly specific and sensitive
methods of modern analytical technology, this remains a
problem. Radiochemical methods provide a means of sclec-
tively tracing the biochemical fate of radioisotopically label-
led benzene because the labelled moieues are retained in
metabolites and can be detected with great sensitivity and
accuracy.

Evaluation of the older literature. The most pertinent
older data is cited by Hanke et al.® The present comments
are confined to questions of analytical methodology and to
guantitative studies relevant to human absorption. This
includes three publications appearing from 1946 to 1961.

Two reports®*© involving human subjects concluded that
there was no percutaneous absorption of benzene. The ana-
Jytical methodology then available limits the reliability of
these studies. These methods were based upon achange
in the sulfur ratio of total urinary sulfate, due to changes
in the organic vs inorganic sulfate, that would result from
sulfate conjugation of phenol formed metabolically from
any absorbed benzene. Since the total sulfur ratio norm-
ally varied between 75%and 95%, and the amount of sul-
fate normally excreted in urine is relatively high {approx-
imately 2,000 mg/L), this is not a reasonably sensitive
method for measuring benzene absorption. The rncthod
would probably not detect increases in urinary phenol
excretion of the order of 10 mg/L.

Hsnke et al.® employed analy:ical methods sufficiently
sensitive to detect benzene absorption, although not suffic-
lently precise to accurately quantitate that absorption.
One method involved the direct assay of excreted phenol
obtained by chemical hydrolysis of urinary phenol sulfates.
The results indicatethat urinary phenol was elevated in
individuals dermally exposed to benzene (maximum value
of 1.58 to 25.3 mg/L as compared to a maximum of 16.0
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mg/L in nonexposedindividuals). Large variations in exper—~
imenta) Values occurred among individuals. Normal 24-hr
urinary excretion of total phenol varied from less than 10
mg to more than SO mg.” The authors acknowledged the
problem of quantitation and discussed various methods of
calculation and also arrived at the unjustified conclusion
that “the results would have less error if physiologic excre-
tion wes calculatedas the average of all four methods of
calculation.” The authors did not present statistical eval-
uation of their gata, nor did they present sufficient data
to allow application of statistical evaluations.

These data apply to continuous occluded exposure of a
35 to 45 ¢m? area of human forearm by 60 mg/cm?® ben-
zene for 125 to 2 hr. For these conditions the authors cal-
culated an average absorption rate of 100%benzene of
024 mgfem?- hr. This calculation takes into account that
not all of the benzene absorbed systemically appears in the
urine as phenol. Their data, however, do not allow an esti-
mation of the reliability of thiSfigure. Itis based on an
estimated average “surplus” of approximately 5 mg of
excreted phenol for exposed individuals above an estimated
average level of approximately 5 mg for nonexposed individ-
uals. Since values for nonexposed individuals were reported
to vary between 30 and 160 with an average of 72 mg, it
would seem that the calculated value of 024 mgfcm?2- hr is
subject to considerable error and may be substantially over-
estimated.

The same study employed an alternative method in which
absorption was determined as the difference between the
amounts of benzene recoverable by evaporationfrom the
skin surface at the time of application and after 125 hr of
continuous occluded exposure (176 mgapplied to 8 cm?).
While this methodis characterized as more “direct” chem-
ically, itis actually less direct biologicallyin that it does not
necessarily measure benzene reachingthe systemic circula-
tion. The unrecoverable benzene presumably consisted of
that systemically absorbed plus that retained temporarily in
the stratum corneum. Since a substantial portion of the
unrecoverable benzene may not have been systemically
absorbed duringthe 1.25-hr exposure period, the calculated
“absorption rate” of 04 mg/cm?®: hris likely to be substan-
tially overestimated.

in spite of the deficiencies cited and the limited precis-
ion, the similarity of the results obtained by the two inde-
pendent methods used by Hanke etal.® is at least indicative

of an absorption rate upper limit of less than 0.24 to 04 m
/em?-+hr for the severe conditions of exposure employed,
These conditions involved continuous exposure by direct
contact with 100% benzene and surface occlusion for 1.25
to 2 hr. Respectingthe effect of occlusion, the occlusive
method employed by Hanke et al. m3y have h3d the effect
of incg;reasingthe reportedabsorption rare more than 10-
fold.

The presented percutaneous penetration data can be com.
pared to levels of benzene absorbed by workers from air-
borne exposure. However, before these estimates are accep.
ted for general use, we believe that confirmatory cutaneoys
human penetration experiments should be performed.
Although the present experimental data are the most com-
plete available, we believe that this should be interpretedin
a tentative way until human data becomes available.
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