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Commentary

Exposure and Absorption of Hazardous
Materials through the Skin

r l Yhis journal issue is a testa-
ment to the important con-
tributions made in the field

of percutaneous absorption by such

early research pioneers as Janusz

Hanke, Tadeusz Dutkiewicz, and

Jerry Piotrowski. Beginning with

their landmark research on the ab-

sorption of benzene through hu-
man skin, originally published in

1961 and appearing in English for

the first time in this issue, these

three individuals have made signifi-
cant contributions regarding the
potential for percutaneous absorp-
tion of such industrial chemicals as
aniline, styrene, toluene, carbon
disulfide, acrylonitrile, and ni-
trobenzene. Their work-has helped

others recognize the potential im-

portance of skin exposures and has

raised an awareness of the need to
protect workers and the public from
these exposures.

The ramifications of exposure of
the skin to toxic chemicals are still
poorly understood. It is compara-
tively easy to obtain documentation
that occupational and environmen-
tal skin exposures to chemicals are a
significant cause of dermatitis. In
addition, during the past century a
fair number of acute poisonings
have been reported for many chem-
icals where the primary means of ex-
posure was to the skin. Adverse out-
comes resulting from chronic,
lower-level skin contacts with chem-
icals have been documented far less
frequently. The lack of data on
health effects with chronic expo-
sures should not be interpreted as a
lack of effect, however, but as evi-
dence of the difficulty in measuring
human exposures and in linking ex-
posures to health risks. Such diffi-
culties have forced us to rely on lab-

oratory studies and predictive equa-
tions to assess the likelihood that
such exposures might adversely im-
pact human health.

Although laboratory-based in-
vitro ‘and in-vivo testing has pro-
duced permeation rates for many
compounds, the use of different ex-
perimental methods to obtain these
rates has produced dissimilar re-
sults, sometimes differing by a few
orders of magnitude.! Currently
there is a need for experimental
procedures that are validated
against human skin, with the objec-
tive of reaching a consensus adop-
tion of standardized protocols pro-
ducing universally accepted
permeation rates. Additional pre-
cise empirical data will facilitate the
development of structural-activity
relationship models that will make
possible accurate estimation of skin
permeation rates for compounds
not yet tested. Once the permeation
rate of a chemical is available, health
risks can be predicted, based on the
use. of surface concentration, skin
surface area exposed, and duration
and frequency of exposure to esti-
mate absorbed amounts. The ab-
sorbed dose, coupled with the ki-
netics of  metabolism  and
elimination, can then be related to
experimental - systemic toxicologic
data.

Qualitative guidance criteria, pro-
vided as “skin notations,” have been
adopted by workplace exposure
standards organizations worldwide
as footnotes to air concentration
limits. Historically, the criterion for
a skin notation is the recognition
that skin exposure and absorption
can significantly contribute to sys-
temic effects.? That is, skin exposure
when added to the dose received by

inhalation may cause increased tox-
icity. By definition, the notation
does not speciﬁcally apply to chemi-
cals that have direct effects on the
skin, such as irritation and allergic
sensitization. | »

In the 1980s it was estimated that
over 13 million workers in- the
United States were potentially ex-
posed to chemicals with the U.S. Oc-
cupational Safety and Health Ad-
ministration (OSHA) skin notation,
but the actual extent of exposure is
unknown.? The American Confer-
ence of Governmental Industrial
Hygienists (ACGIH) presently as-
signs skin notations to at least 170 of
650 compounds that have threshold
limit values (TLVs). OSHA listed
147 skin notations in the (judicially
revoked) 1989 revised Permissible
Exposure Limit (PEL) table Z-1000,
and the National Institute for Occu-
pational ~ Safety and  Health
(NIOSH) presently assigns 142 skin
notations to its Recommended Ex-
posure Limit (REL) list of com-
pounds. Worldwide, at least 275 skin
notations exist for chemicals identi-
fied as skin-absorption hazards. The
number of compounds with skin no-
tations, however, represents only a
small fraction of the approximately
30,000 compounds in commercial
use, many of which might be ab-
sorbed through the skin.

The process by which chemicals
have been identified as skin-absorp-
tion hazards by these standard-
setting organizations has been criti-
cized as inconsistent and often
poorly documented.*6 After review-
ing the 1986 TLV Documentation,
Scansetti et al.? found that only 54%
of the compounds with skin nota-
tions had been assigned the nota-
tions based on animal experimental
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dermal lethal dose and/or reports
of human toxicity. Of the remaining
46%, 20% were unreferenced as-
signments, 14% were based on un-
documented statements, 8% were
based on skin effects, and 4% were
based on chemical analogy. A lack of
adequate supporting documenta-
tion to justify a skin notation, how-
ever, should not lead to the conclu-
sion that skin exposure to that
chemical is safe. As can be seen in
the ‘above assessment, the available
information supporting many of the
assignments is often very sparse.

Several approaches have been
proposed for both improving the
identification of notation-worthy
chemicals and improving the consis-
tency of the justifying documenta-
tion. For systemically acting chemi-
cals, these approaches recommend
basing the skin notation on empiri-
cal data, such as dermal LD;,,”1% or
use of calculated permeation data,b
which are then compared with some
measure of toxicity to determine the
relative risk of exposure. Neither of
these is without flaws. Dermal LDy
data are not available for all com-
pounds and, where available, may
require extensive literature search
and evaluation to assess the ade-
quacy of the experimental protocol
and to determine whether deaths
were due to systemic or localized ef-
fects. Empirical permeation data are
available for many industrial com-
pounds, but some effort may be re-
quired to evaluate the validity of the
protocols.

Skin notations could also be as-
signed using calculated permeation
coefficients (Kps) that are com-
monly modeled from saturated
aqueous solutions. The permeation
coefficient is the ratio of flux over
concentration. Generally, Kp is con-
centration-independent up to aque-
ous saturation, whereas above satu-
ration, the mass transfer rate is more
or less constant.!! This presents a
convenient modeling advantage
since a maximum flux rate can be
predicted. This approach to esti-
mating risk from skin exposure has
been recently proposed by the U.S.

Environmental Protection Agency
(EPA) as the currently preferred
method and has undergone exten-
sive internal and external review.?
A limitation of this predictive ap-
proach is that the rate of perme-
ation of a chemical can be affected
by its vehicle as well as by its pres-
ence in a chemical mixture.

" Presently it is not possible to predict

the impacts of different vehicles and
co-exposures on absorption. '

Some have advocated the even-
tual - establishment of quantitative
dermal occupational exposure lim-
its, or DOELs!3; no such quantitative
guidelines currently exist. The es-
tablishment of quantitative guide-
lines would provide some definite
benefits. It can be argued that
DOELs would encourage the devel-
opment and implementation of cor-
rective or preventive actions that
could reduce exposures. Certainly,
the advent of airborne exposure
limits in the 1930s spawned major
advances in monitoring and control
of potential inhalation hazards. In
addition, quantitative guidance cri-
teria provide a measure of the po-
tential of the exposures to cause ad-
verse effects by virtue of - their
relative values, which is not evident
in qualitative warnings. Quantitative
guidance criteria could encourage
the collection of objective measure-
ments of exposure, rather than sim-
ply implementing precautions with-
out verifying their efficacy.
Quantitative surface or skin mea-
surements would also allow compar-
ison of the contribution of skin ex-
posure to inhalation exposure from
airborne chemicals, thus providing
a better indication of total exposure
potential through all routes.

It can be also argued that the
paucity of available data does not
currently permit establishment of
any guidelines. European exposure
standards groups, such as the
Health and Safety Executive of the
United Kingdom, are considering
the use of broad occupational expo-
sure bands for setting limits when in-
adequate toxicologic information
exists for a chemical. Briefly, when

the lack of toxicological data pro-
hibits setting a precise occupational
exposure limit but the data suggest
an exposure limit ranging within an
order of magnitude, exposure may
be acceptable up to the upper limit
but normally should be kept as low
as reasonably practicable below that
limit.'* Such an approach has been
recently postulated for establishing
DOELs.!5 ‘
Another recent proposal for de-
riving quantitative DOELs, however,
requires empirical information that
is currently available for only a few
compounds.'617 Some have argued,
in fact, that the factors that influ-
ence the effects of percutaneous ex-
posure are so complex as to make
quantitative exposure limits mean-
ingless.!® There are still numerous
unresolved issues. It must be de-
fined whether the allowable con-
centrations should refer to work sur-
faces, skin, or clothing surfaces.
Inherent variability in skin absorp-
tion rates related to skin condition,
environmental conditions, and ef-
fects of co-exposures make it uncer-
tain how protective numerical crite-
ria would actually be in real-world
settings. Other variables that influ-
ence absorption, such as tempera-
ture, frequency of exposure, and the
effects of mixtures, must also be
taken into consideration. Finally,
exposure assessment methods and
strategies are still in the early stages
of development and validation.
Perhaps a more feasible semi-
quantitative approach would be to
limit not the concentration but the
maximum time allowed for a dermal
exposure to occur, as proposed by
Walker et al.19 Thus, rather than at-
tempting to quantify the exposure
concentration, primary effort would
be focused on prevention of skin ex-
posures by limiting the durations of
situations in which people are ex-
posed to potentially hazardous
chemicals. This could entail per-
forming an appropriate risk assess-
ment, perhaps some limited surface
sampling, and use of rational pro-
fessional judgment, an approach
that is similar to established ap-
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proaches used for evaluation and
control of potential respiratory haz-
ards.

‘When developing an approach to
expand the qualitative notations or
develop new semiquantitative skin-
exposure guidance criteria, the fol-
lowing points should be considered:
1) the need for criteria, including po-
tential costs and benefits incurred; 2)
the feasibility of developing criteria;
and 3) the expectation of application
and response by the intended audi-
ence. The approach should be tech-
nically and economically feasible so
that it can be implemented fairly
quickly. Also, the approach selected
should be clearly stated and its limi-
tations cited. It is reasonable to ex-
pect future improvement of the pre-
dictive models of skin absorption
potential and, therefore, more plen-
tiful data to support the establish-
ment of exposure guidelines. Con-
sensus on reasonable approaches to
establishing  skin-exposure limit
guidelines, as well as preventive ap-
proaches for minimizing exposures,
_ are certainly needed.

The 21st century will bring fur-
ther advances and expand our
knowledge in the fields of occupa-
tional and environmental skin ex-
posures and direct and systemic
health effects from such exposures.
This journal issue is certainly a great
stepping stone for such an en-
deavor. The ultimate goal of all
progress remains the application of
scientific knowledge towards pre-
venting health effects from occupa-
tional and environmental skin ex-
posures and assuring safety and
health at work (and beyond) for all
people.

MARK F. BOENIGER, MS, CIH

BoRis D. LUSHNIAK, MD, MPH

National Institute for
Occupational Safety and Health

4676 Columbia Parkway, R-12
Cincinnati, OH 45116
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