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Abstract

Published data on the dermal penetration of hydrocarbon components from the
widely used jet fuel JP-8 are analyzed. The log of the dermal penetration
coefficient Kp was observed to have a linear dependence on lipophilicity as
estimated from the the log-octanol-water partition coefficient Ko/w (with
slight dependence on molecular weight). This semi-empirical relation can be
used to predict (estimate) Kp values for other JP-8 components. In contrast to
the penetration of compounds from aqueous vehicle, the more lipophilic
compounds penetrated the skin at a lower rate, consistent with results on the

partitioning of compounds into the stratum corneum from different vehicles.




Introduction

JP-8 is a kerosene based fuel consisting of a complex mixture of hundreds of
components from a number of hydrocarbon classes, including straight chain
alkanes, branched chain alkanes, cycloalkanes, diaromatics and napthalenes.
Human exposures to JP-8 in the vapor, aerosol and liquid forms all have the
potential to be harmful. Situations where fuel becomes aerosolized have the
greatest potential to be a hazard via inhalation. Both aerosol and liquid forms
of JP-8 have the potential to cause local and systemic effects with prolonged
or repeated skin contact. JP-8 aerosol has been shown to result from aircraft
engine starts at low ambient temperatures. This aerosol, from incomplete
combustion, may be inhaled, irritate the eyes or soak clothing and come into
prolonged contact with the skin of ground personnel. Other potential dermal
exposures to JP-8 are: 1) splashes during refueling or fuel handling, 2)
handling engine parts which are coated with fuel, 3) coming in contact with
sides of fuel tank during fuel tank maintenance operations, or 4) coming in

contact with fuel leaks on the underside of the aircraft or on the ramp.

EPA has recently issued draft guidelines for the conduct of health risk
assessments of chemical mixtures (EPA, 1999). These guidelines stress that
evaluation of risk posed by exposure to multiple chemicals can only come
about with a solid understanding of the toxicity of chemical agents and the
factors that control their absorption, metabolism, distribution and elimination.
The present paper considers the dermal absorption of individual hydrocarbon
components from JP-8. Strictly speaking, the penetration of each component
is affected by its interactions with all the other components in the mixture.
The key simplifying assumption that makes this problem tractable is to
consider that each component is affected by a composite vehicle consisting of
the remaining hydrocarbon fractions, and because of the large number of
components (each contributing relatively little to the total composition), that

this vehicle can be considered essentially the same for all components.




The current study analyzes previously published data on the penetration of JP-
8 into and through clipped, dermatomed rat skin in vitro (McDougal et al., in
press). In that study, static diffusion cells were used to measure the flux of
JP-8 and its major components across rat skin and the kinetics of absorption
into the skin. Thirteen.individual components penetrated into the receptor
solution in sufficient :quantities to be measured by GC/FID and allow the
calculation of a steady-state flux and penetration coefficient Kp (flux divided

by applied concentration).




The Data

Table 1 gives calculated dermal penetration coefficients Kp (cm/hr) for those
components of JP-8 that were measured in the receptor solution, together with
relevant physico-chemical properties (octanol-water partition coefficient,

Ko/w, and molecular:weight, MW).

TABLE 1.

Chemical characteristics and log of the measured permeability coefficients (Kp)
for each of the chemical components identified in the receptor solutions from JP-8
exposures. (From McDougal et al., in press). Note that the more negative the log
Kp value, the slower the rate of penetration through the skin.

Component Molecular Log K, Log Kp (cm/hr)
Weight
Diethylene glycol monomethyl ether 120.2 -0.68 -1.09691
Methyl benzene (toluene) 92.1 2.69 -2.95861
Naphthalene 128.2 3.37 -3.29243
Ethyl benzene 106.2 3.13 -3.50864
Dimethyl benzene (xylene) 106.2 3.18 -3.76955
Methy! naphthalenes 142.2 3.87 -3.79588
Trimethyl benzene 120.2 3.58 -3.88606
Dimethyl naphthalenes 156.2 4.38 -4.03152
Decane 1423 6.25 -4.25964
Nonane 128.3 5.65 -4.37675
Undecane 156.3 6.94 -4.60206
Tridecane 185.4 7.57 -4.82391
Dodecane 170.3 7.24 -4.85387

These penetration coefficients are characteristically dependent on the

molecular weights and particularly on the octanol/water partition coefficients
of the compounds as shown in Figure 1. Note that the more lipophilic the
compound (i.e. the larger log Ko/w), the Jower the Kp value.
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Figure 1. 3-D plot of the negative of the log of the dermal penetration
coefficient (-log Kp) versus the molecular weight (MW) and octanol
water partition coefficient (log Ko/w) for the 13 components of JP-8
measured in the receptor solution. Note that in this plot, the larger the
height of the columns, the slower the chemical penetrates the skin. The
upper cluster of chemicals are aliphatics, the lower cluster are
aromatics, while the outlier is diethyl glycol monomethyl ether
(DIEGME).
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Table 2 gives the concentrations of JP-8 components in the skin itself at the
end of the 3.5+ xposures, together with the ratio relative to concentrations in
JP-8 (McDougali et al., in press). The mass in the skin increases roughly with
concentration in JP-8 itself. In addition, the mass ratio skin/JP-8 decreases
with increasing lipophilicity (as estimated by the octanol-water partition
coefficient) (see Figu:re 2), consistent with decreasing partitioning into the
stratum corneum, the likely major repository for such lipophilic materials in
the skin. It should be noted, however, that the skin here includes the viable
epidermis and a significant portion of the dermis, which would also provide
less congenial environments for the more lipophilic materials, and thus

contribute to this trend.

TABLE 2

Concentrations of JP-8 components that were found in the skin at the end of the 3.5-hour
exposures in static diffusion cells compared to the concentration of that component in JP-

8.
Component Mass in Skin Conc. in JP-8 Log Kow Ratio

(mg/g) £S.D. (mg/ml) (ml/g times 10°)

Nonane 0.077 £ 0.018 9.2 5.65 84

Decane 0.196 + 0.047 30.2 6.25 6.4

Undecane 0.266 + 0.070 483 6.94 55

Dodecane 0.143 £+ 0.041 36.1 7.24 4.0

Tridecane 0.092 + 0.035 219 7.57 42

Tetradecane 0.055 +0.022 14.6 7.9 (est) 3.8
‘\
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Figure 2. Linear regression of the ratio in skin/JP-8 (ml/g x 10-3) from Table 2 versus log
Kow. The line is given by Ratio = 19.6 - 2.05 x log Kow, r2 = 0.93.
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Analysis

Analysis of the log Kp data by multiple linear regression against log Ko/w
and MW (SigmaStat™, Jandel Scientific) gave the following equation (see

Appendix for details):’

log K, = ~2.69 —0.471log K,,,, +0.00716 MW (1)

where Kp is the permeability coefficient, Ko/w is the octanol/water partition
coefficient and MW is the molecular weight. The correlation coefficient (R%)
for this relationship is 0.898, which is higher than most of the published
correlation approaches. However, it appears that only log Ko/w was in fact
necessary to account for the variability in log Kp (the molecular weights for
the compounds covered the limited range from 92 to 170). Linear regression

of log Kp against log Ko/w gives:

log K, =—1.99-0.408 log ,,,, . (2)

with R? = 0.898 (see Figure 3).

12
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Figure 3. Linear regression of log Kp (cm/h) against log Ko/w for 13 components of JP-8
measured in the receptor solution. The equation of the line is given by Eq. (2) in the text
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Discussion

Several correlation approaches for estimating permeability coefficients for
chemicals in water vehicle are found in the literature (see Bunge and
McDougal, 1998). These approaches are based on molecular weight and the
octanol/water partition coefficient as predictors of penetration. Application of
this approach for hydrocarbon components in JP-8 gave equation (1) and (2)
above. This is illustrated in Figure 3. This same relationship (without the data
points) is also shown as the lower line of Figure 4. These relationships can be
used to predict penetration of other (similar) components of JP-8 that were not
able to be measured, based solely on their physico-chemical properties. Note
that the log octanol/water partition coefficient has a much larger impact on the
permeability than the molecular weight, due at least in part to the limited

range of molecular weights of the comp'ounds studied.

In contrast to our study, correlations from studies in which water was the
vehicle show a positive impact of Ko/w and a negative impact of the
molecular weight on the permeability coefficient (Flynn, 1990; Potts & Guy,
1992; Robinson, 1996) (see Figure 4, upper curve). The difference is in the
vehicle. JP-8 is more lipid-like than the skin and as the octanol/water partition
coefficient goes up (larger Ko/w) the chemical would have a tendency to stay
in the lipid vehicle. In the aqueous situation, when the octanol/water partition
coefficient goes up, the tendency for the chemical to move into the lipophilic

skin (and hence skin penetration) is enhanced. Thus the two curves in Figure

4 thus have opposite slopes.

14
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Figure 4. Representation of the dependence of dermal penetration Kp on log octanol-water
partition coefficient (Ko/w) from aqueous and JP-8 vehicles. The curves for agueous vehicle
are adapted from the semi-empirical relationships derived by Potts & Guy, 1992 and Wilschut
et al., 1995; the JP-8 vehicle line is from Figure 3.

This general trend of decreased dermal absorption with increased lipophilicity

is also seen in the concentrations of JP-8 components in the skin itself as

measured by the ratio of concentrations in skin versus JP-8 itself (Table 2).

This trend has been observed before, most notably by Scheuplein (1965,

1980), who calculated stratum corneum:vehicle partition coefficients (Kmv) L
_for alcohols of varying chain lengths from a number of different vehicles

(Figure 5), and found these to be in good agreement with measured

permeability coefficients. Increased chain length corresponds to increased

lipophilicity.

15




LOG K,

-0

Kmoet
1 1 1 L ] f i | | 1

Figure 5. Effect of vehicle on the stratum corneum:vehicle partition coefficient, Kmv
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(theoretical); from Scheuplein, 1980. Here “oct” represents octanol vehicle,

oil, “p” (sic) represents butanol, and “w" represents water vehicle. Each vehicle would
increase penetration for those solute-vehicle combinations above the horizontal line, and

would inhibit it for those below.
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Note that this “reverse partitioning” effect of the lipophilic vehicle applies not
just to lipophilic materials, but the hydrophilic DIEGME as well (log Ko/w =
-0.68) (Figure 3). In this case, penetration from JP-8 vehicle is enhanced
relative to aqueous vehicle, illustrated by the cross-over of the two curves on
the left hand side of Eigure 4. Note that the two curves cross at log Ko/w ~ 1,
corresponding, for example, to the octanol-water partitioning of pentanol
(Ko/w ~1.5). This suggests that the permeability of pentanol would be nearly
the same from water or JP-8. Scheuplein (1980) observed a similar
intersection of stratum corneum/water (Kmw) and stratum corneum/oil
partition coefficients (Kmo) (the latter representing a lipophilic vehicle) near

the 5 carbon number alcohol, pentanol (Figure 5).

Consideration of Figure 4 for aqueous and JP-8 vehicle lead to speculations as
to the generalized effect of vehicles of different lipophilicities on dermal
penetration. One can envisage a series of curves for different vehicles of
different lipophilicities, intersecting in the same general area as the two curves
illustrated in Figure 4 (where the penetrating compounds are neither
hydrophilic nor particularly lipophilic, and thus largely unaffected by the
lipophilicity of the vehicle). Such characteristics need to be explored
experimentally before more general predictive tools can be developed. A
possible generalization of the compound/vehicle dichotomy is to neat

materials, in which the compound can be considered as its own vehicle.

As in any in vitro dermal penetration study, the effect of the receptor solution
on permeability measurement needs to be considered, particularly for such
lipophilic materials as the JP-8 components considered here (see Robinson,
1996 for a general discussion of this issue). Ultimately, we would wish our in
vitro studies to simulate as closely as possible the in vivo situation in which
the capillary network of the skin efficiently clears absorbed material into the
systemic circulation. While modifications to the receptor solution can be made

to facilitate the removal of lipophilic materials from the skin in vitro, this

17



invariably involves compromises, and it is not clear to what extent the
penetration characteristics in vitro actually represent those in vivo. As a result,

this in vitro data should be replicated in vivo.
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Appendix: Multiple linear regression
Tuesday, January 04, 2000, 13:03:51
Multiple Linear Regression

log Kp = -2.69 - ( 0.471 * log Kow) + ( 0.00716 * MW)

-
-

N = 13.0
R= 0.957 Rsqr= 0.915 Adj Rsgr= 0.898

Standard Error of Estimate = 0.3162

Coefficient std. Error t
Constant -2.68513 0.52179 ~5.15
log Kow -0.47077 0.05916 ~7.96
Mw 0.00716 0.00502 1.43

P VIF
Constant 0.0004
log Kow <0.0001 2.22
MW 0.1837 2.22
Analysis of Variance:

DF SSs MS
Regression 2 10.764 5.3820
Residual 10 1.000 0.1000
Total 12 11.764 0.9803

' F P

Regression 53.8 <0.0001
Residual
Total
Column SSIncr SSMarg
Constant 10.560 6.330
log Kow 0.204 0.204
MW

The dependent variable log Kp can be predicted from a linear
combination of the independent variables:

P
log Kow <0.0001
MW 0.1837

Not all of the independent variables selected appear
necessary. The following variables appear to account for the
ability to predict log Kp: log Kow

0.4079)

L}

Normality Test: Passed (p

0.1790)

i

Homoscedasticity Test: Passed (P

Power of performed test with alpha = 0.0500: 1.0000
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