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Background:

The skin is a major target for chemical exposure
via contact with aerosols, vapors, liquids,
contaminated soils, or other contaminated
surfaces. The importance of dermal exposure
has become more evident as inhalation exposure
decreases as a result of improved preventative/
personal protection measures. The extent and
significance of dermal exposure remain largely
unknown, primarily because there is a lack of
standard instruments and methods for measuring
chemical-specific dermal exposure. Methods are
not only needed to quantify exposure, but to also
evaluate the relationship of dermal exposure to

A volunteer patiently sits as he is
systemic exposure. tested for dermal exposure via the
tape-stripping method.

Dr. Leena NylanderFrench, University of North
Carolina at Chapel Hill SBRP leads a team of researchers working to develop quantitative tools
to collect critical information for exposure and risk assessment.

Advances:

Dr. NylanderFrench's research group has conducted an extensive series of studies focused

on dermal exposure to polycyclic aromatic hydrocarbons (PAHs). To begin, Dr. Nylander-

French developed and validated a non-invasive sampling technique, coupled with analytical
methods (GC/MS; ELISA), to quantify dermal exposure to naphthalene as a chemical marker
of exposure to fuels. The tape-stripping method involves applying a strip of adhesive tape to
an area of skin following exposure, then removing the tape along with the contaminant and
several micrometers of the outermost layer of skin. Repeated stripping of the skin can indicate
penetration of the substance (depth-profile) and the spatial/temporal variations of different
hazardous compounds in the skin.

Dr. Nylander-French used these methods to conduct laboratory and field studies of exposure to
jet fuel (JP-8; using naphthalene as a marker) to evaluate the contribution of dermal exposure
to total exposure. Her research group examined the correlations between dermal exposure to
naphthalene measured with tape-strip samples of exposed skin and breathing zone, exhaled
breath, and urine concentrations of napthol metabolites. The data show that the tape-stripping
method is an effective technique for measuring dermal exposure, and that:

e The skin is an important route for PAH exposure as JP-8 components penetrated into the
skin rapidly with minimum evaporation from the skin surface.

e Dermal exposure to JP-8 contributed significantly to total body burden.

e Dermal exposure correlated highly with (1) the work situation (work inside the fuel tank) and
the exposure duration; (2) protection control (use of booties); and (3) a potential health risk
(skin irritation).
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Dr. Nylander-French's group then developed an enzyme-linked immunosorbent assay (ELISA)

to detect and quantify protein adducts of metabolites of naphthalene in the skin of exposed
individuals. This work, the first to report of adducts of PAHs detected in exposed intact human
skin, provides biomarkers of exposure allowing researchers to: distinguish acute and chronic
exposures; investigate the importance of dermal penetration, metabolism, and adduction to
keratin; and to more accurately predict the contribution of dermal exposure to systemic dose for
use in exposure and risk assessment models.

Dr. Nylander-French has also contributed to the development of mathematical models to
describe the uptake of PAHs into the skin. The epidermis is a complex organ with many
metabolic functions. Many models of dermal absorption and penetration assume that diffusion
is the dominant mechanism of transport and are based on the properties of the contaminant
(molecular weight, solubility, reactivity). Dr. NylanderFrench’'s group developed a physiologically-
based pharmacokinetic (PBPK) model of exposure to JP-8 that incorporates inhalation and
dermal uptake and they have validated the model with experimental human data.

Dr. NylanderFrench has also developed

a mathematical model to quantify the
penetration of chemicals deposited on the
skin surface into its deeper layers. This
diffusion-based model assumes that the
stratum corneum (outermost skin layer) is
the rate-limiting barrier to the penetration of
lipophilic compounds. The research group
used the model to predict the variation in
dermal absorption and penetration of three
aromatic and three aliphatic hydrocarbons
in JP-8. They found that the model outputs
agreed with values measured from in vitro
skin systems and biomonitoring studies.

Application

Removal

Extraction

In on-going work, Dr. Nylander-French is
investigating the capacity of the skin to
o ; metabolize PAHs. Because metabolites (not
The tape-stripping method involves the parent PAHs) cause toxic effects, her group

application of a strip of adhesive tape to an is investigating patterns of gene and protein
area of skin following exposure. The tape is expression in the epidermis that are critical
removed with the contaminant and several to PAH-exposure response. Quantification
micrometers of the outermost layer of skin. of differences in biomarker response and

sources of variance in response to exposure
levels could predict individual differences and,
thus, individual susceptibility to toxicity and
associated disease.

Significance:

Dr. Nylander-French has demonstrated that the tape-stripping method is an effective technique
for measuring dermal exposure. This body of work makes significant contributions by providing
much-needed tools to investigate the significance and role of dermal exposure to hazardous
chemicals. The ability to quantify dermal exposure and evaluate its contribution to total exposure
and internal dose is critical to the development of exposure and risk assessment models.
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For More Information Contact:

Leena A. Nylander-French

Department of Environmental Sciences and Engineering
CB #7431, 4114G McGavran-Greenberg Hall

Chapel Hill, NC 27599-7431

Tel: 919-966-3826

Email: leena_french@unc.edu
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