
Journal of Chromatography B, 823 (2005) 53–59

Skin analysis to determine causative agent in dermal exposure to
petroleum products

Yoko Hiedaa,∗, Yoshio Tsujinob, Haruo Takeshitaa

a Department of Legal Medicine, Shimane University School of Medicine, 89-1 Enya, Izumo, Shimane 693-8501, Japan
b Department of Dermatology, Shimane University School of Medicine, 89-1 Enya, Izumo, Shimane 693-8501, Japan

Received 30 September 2004; accepted 11 March 2005
Available online 10 May 2005

Abstract

This study evaluates the usefulness of skin analysis to determine the causative agent in cases of dermal exposure. The study consists of an
animal experiment and two human cases. The petroleum components detected at high concentrations in skin samples resembled the composition
of those in the corresponding petroleum products. However, the petroleum components in blood were detected at low concentrations and were
a different composition. Skin is considered to be an advantageous sample to estimate the petroleum product in clinical and forensic cases of
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. Introduction

Blood or urine samples are commonly used specimens for
iagnosis in the medical field. In cases of intoxication, esti-
ating the causative agent is the first requirement for treat-
ent in the clinical field. If the cases are involved in accidents
r crimes, identifying the chemical is essential for forensic in-
estigation. Except for several medicines or illicit drugs that
an be analyzed by an automated drug monitoring system
r commercially available screening kit, rapid determination
f the causative chemical in biological samples is generally

aborious.
Our recent animal studies involving kerosene commonly

nvolved in crimes or accidents have suggested that skin anal-
sis is much more efficient than blood analysis to identify
erosene components in dermal exposure cases. This is be-
ause (1) aliphatic hydrocarbons, essential components to
iscriminate petroleum products, tend to remain in skin[1,2],
2) aromatic hydrocarbons, relatively common components
n most petroleum products, are easily absorbed via skin into

blood-circulation[3], and (3) to analyze aliphatic comp
nents, a small amount of skin sample is adequate as com
to blood sample[1,2].

In addition to kerosene, gasoline and light oil are
commonly used petroleum products in daily life and are
ten involved in accidents or crimes due to their easy acc
bility, inflammable and inflammatory properties[4,5]. These
products consist of thousands of hydrocarbons and the
roughly discriminated from each other by their constitutio
aliphatic hydrocarbons, which are a result of different boi
points of distillates. The purpose of this study was to eva
whether skin samples would be useful to identify a derm
exposed petroleum product through an animal experi
and two firsthand practical human cases.

2. Materials and methods

2.1. Reagents

Regular gasoline, kerosene and light oil were obta

∗ Corresponding author. Tel.: +81 853 20 2159; fax: +81 853 20 2155.
E-mail address:yhieda@med.shimane-u.ac.jp (Y. Hieda).

from Shell Petroleum Ind. (Tokyo, Japan) and were used
as standard petroleum products. Analytical gradeo-xylene-
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d10 (used as internal standard; IS), saturated aliphatic hydro-
carbons (AHCs) (C10–C20), three kinds of trimethylbenzene
(TMB)(1,3,5-, 1,2,4- and 1,2,3-TMB) and naphthalene were
purchased from Wako Pure Chemical Ind. (Osaka, Japan).
The standard solutions were dissolved in ethanol. In this ex-
periment, ethanol andn-pentane were distilled three times
before being used.

2.2. Biological samples

The samples were obtained from an animal experiment
using rats and two human cases.

2.2.1. Animal experiment
The experimental protocols were approved by the

Animal Experimental Committee at Shimane University
School of Medicine (the protocol number #02-100). Six
male Sprague–Dawley rats (B.W. 300–350 g)(Charles River
Breeding Labs, Yokohama, Japan) were used for this exper-
iment and were under anesthesia (2 ml/kg i.m. of a mix of
droperidol 1.25 mg/ml and fentanyl 0.025 mg/ml) during the
whole experiment. Dermal exposure and sampling were per-
formed utilizing our previously reported method[1]. Briefly,
the abdominal fur was closely clipped and a square piece
of cotton (4 cm× 4 cm) soaked with 4 ml of either standard
g
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Case 2. A 37-year-old man was found dead at the scene
of a fire. The next day (about 24 h after the fire), a medico-
legal autopsy was performed to elucidate the cause of death
and the situation caused death. The body surface was covered
with variety of first to fourth degree burns. Small skin sam-
ples (approximately 1 cm× 1 cm) were collected as forensic
specimens from different parts of the body (left shoulder, left
chest, right and left arms, abdomen) together with regular
specimens (blood, urine, tissue samples) at autopsy. The in-
cisions were sutured after the sampling. Subcutaneous fat and
most of the dermis were immediately removed from the up-
per part of the skin (mainly epidermis) by scissors, and then
the upper layer of skin was stored at−80◦C until assay.

2.3. Sample preparation

Petroleum components in skin (0.01–0.03 g) and whole
blood (0.5 ml) were extracted by liquid-liquid extraction uti-
lizing our previously reported method[1,2]. Briefly, the skin
sample was quickly minced by scissors and immediately put
into distilled water (2 ml) in a glass tube that was previously
weighed. The tube was then weighed again to calculate the
skin weight. IS (10 ng) andn-pentane (7 ml) were sequen-
tially added. Petroleum components were extracted with
n-pentane for 20 min using a shaker (SA-31, Yamato Scien-
tific, Kyoto Japan). The tube was centrifuged at 3000 rpm for
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asoline, kerosene or light oil was applied for 2 h (n= 2 of
ach). The cotton was covered with impermeable stretch

o prevent vaporization and immobilized by adhesive
age (10 cm× 20 cm) during the 2 h exposure period. T
xposed skin was thoroughly washed with soap at 2 h
hen the rats were sacrificed by decapitation. Trunk b
as collected and the exposed skin was excised for GC
ssay. The skin samples were put into a small plastic bag

he air eliminated. To keep the petroleum components s
he samples were stored at−80◦C until assay.

.2.2. Human cases

ase 1. A 73-year-old woman visited our hospital w
omplaining of extensive erythema over her abdom
hich had developed from the previous evening. The les
eemed to be caused by dermal exposure to some che
he lesions were first washed thoroughly with saline.
etached roof of bulla (mainly epidermis) over the les
as removed by scissors, which is a routine painless p
ure in clinical treatments before applying ointment. Tho

he removed bulla was generally discarded, the part o
ulla (total of about 0.1 g) was saved as a skin sampl
he diagnostic analysis in this case. Five milliliter of blo
as collected for routine hematological and biochem
nalyses and for the diagnostic analysis. These mat
ere collected with the written informed consent of
atient. A part of the skin sample (0.01 g) and blood sam
0.5 ml) was extracted after the sampling and the rest o
amples were stored at−80◦C.
.

0 min and put into a freezer at−80◦C to freeze the aqueo
hase (bottom layer). One hour later, the pentane laye
ecanted into a new glass tube and concentrated un
2 stream into about 100–150�l. The 1�l of the extrac
as injected onto a GC–MS system. For the blood sam
.5 ml of whole blood was put into distilled water (1.5 m
nd then the skin sample procedures were followed exa

.4. GC–MS condition

GC–MS analysis was carried out using a HP-5
C–MS system. The separation was achieved by a cap

olumn (HP-5MS, 0.25 mm× 30 m i.d., 0.25�m thickness)
he column temperature was set at 50◦C for 1 min, increase
t 10◦C/min up to 280◦C and held for 10 min. The tempe

ure of injection port and ion source was set at 270 and 28◦C,
espectively. Scan mode (m/z40–300) and selected ion mo
toring (SIM) mode analyses were performed for qualita
nd quantitative purposes, respectively.m/z98 (IS), 120 an
05 (TMBs), 128 (naphthalene), and 57 and 71 (alipha
ere monitored for three kinds of TMBs, naphthalene
liphatics (C10–C20) to be quantified.

. Results

.1. Determination of gasoline, kerosene and light oil

Fig. 1 shows typical mass chromatograms of the m
omponents of extracted standard petroleum products�l)
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Fig. 1. The mass chromatograms monitoring IS (m/z98), aliphatic hydrocarbons (m/z57 and 71), naphthalene (Naph.) (m/z128) and trimethylbenzenes (TMBs)
(m/z120 and 105) of extracted standard petroleum products (top), skin (middle) and blood (bottom) samples obtained from the animal experiment are shown.
The units on theY-axis are different among individual chromatograms.

(top). The individual detected peaks were identified by anal-
yses of standard solution and/or library of mass spectra pre-
installed in HP ChemistationTM. The major hydrocarbons
were detected in different spans of retention times depending
on the products. Among the detected peaks, three kinds of
TMBs and naphthalene (common components of three prod-
ucts) and C10–C20 AHCs (different components depending

on the product) were quantified by the peak-area ratios com-
pared to IS of individual components. The detection limit
was 20 pg for TMBs, 5 pg for naphthalene, and 5–13 pg for
AHCs (C10–C20) on column (S/N = 3). The extraction recov-
eries of these standard components were 88–91% for TMBs,
95% for naphthalene and 78–94% for AHCs when 100 ng/ml
of solution was extracted. However, these recoveries were

Table 1
The intra- and inter-day precision and accuracy of four components

Spiked amount/sample (ng) Intra-day Inter-day

Precision (ng/g) Accuracy (%) Precision (ng/g) Accuracy (%)

Skin
1,2,4-TMB 50 46.5± 9.3 93.0 47.6± 10.5 95.2

500 501.2± 70.2 100.2 486.9± 65.4 97.4

Naphthalene 50 51.3± 4.3 102.6 49.5± 7.3 99.0
500 493.5± 26.7 98.7 476.9± 18.7 95.4

C11 50 47.6± 8.5 95.2 43.8± 12.3 87.6
500 521.0± 35.2 104.2 529.1± 80.3 105.8

C14 50 44.3± 6.7 88.6 46.5± 7.0 93.0
500 530.5± 21.6 106.1 510.8± 46.9 102.2

Blood
1,2,4-TMB 50 47.5± 10.1 95.0 51.2± 9.6 102.4

500 505.3± 43.2 100.6 508.1± 52.9 101.6

Naphthalene 50 50.6± 5.3 101.2 52.3± 4.6 104.6
8.9

.6
1.7

.4
8.6

D

500 507.9± 1

C11 50 48.2± 7
500 532.0± 4

C14 50 48.7± 6
500 519.4± 3

ata express mean± SD (n= 6).
101.6 490.5± 24.3 98.1

96.4 46.6± 8.3 93.2
106.4 509.8± 64.2 102.0

97.4 47.5± 6.9 95.0
103.9 497.7± 51.3 99.5
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rough estimates since the final volume of solvent following
evaporation under a N2 stream was not able to exactly equal
between samples.

For analyses of these components in skin and blood sam-
ples, the calibration curves, recoveries, intra- and inter day
precision and accuracy were determined using several intact
rats that were not exposed to any petroleum products by spik-
ing with standard components. Good linearity was observed
between 10 and 1000 ng/sample when individual components
were spiked in skin and blood samples. If the recovery of stan-
dard solution was assumed to be 100%, the relative recoveries
of individual components for skin and blood samples were
94–105% for skin samples and 89–102% for blood samples.
The intra- and inter-day precision and accuracy are shown
for four components (Table 1), and we found the coefficient
variations to be greater at low concentrations in all compo-
nents.

3.2. Animal study

The chromatograms ofFig. 1 (middle and bottom) show
skin and blood samples obtained from the animal experi-
ment. The patterns of the chromatograms in blood appear
different from standard kerosene and light oil once these
products were absorbed via skin, while the chromatograms
o stan-
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Table 2
The percentages of AHCs (%AHCs) calculated from peak area ratio to IS
are shown [%AHCs = 100× AHCs/(AHCs + aromatics)]

Standard product Rat Skin Blood

Gasoline 12.6± 2.1 #1 14.3 68.0
#2 15.1 74.6

Kerosene 85.4± 3.4 #3 93.3 16.0
#4 88.4 5.0

Light oil 97.9± 0.3 #5 99.7 68.6
#6 99.5 69.6

Aromatics represent the total of three kinds of trimethylbenzenes and naph-
thalene. Aliphatic hydrocarbons (AHCs) represent saturated aliphatic hy-
drocarbons. Data express mean± SE for standard (n= 5) and actual data of
individual animal (n= 2 of each).

Table 3
The concentrations (�g/g) of four components in human cases and the cal-
culated %AHCs

Aromatics Aliphatics %AHCs

1,2,4-TMB Naphthalene C11 C14

Case 1 (dermal exposure)
Skin 1.70 1.91 71.95 143.36 99.3
Blood 0.02 n.d. 0.004 n.d. 17.5

Case 2 (dermal exposure + inhalation)
Skin 1.67 1.50 10.39 14.15 96.8
Blood 0.24 0.08 1.09 n.d. 86.8

standard products, while those of blood samples were differ-
ent in kerosene and light oil.

The concentrations in skin were greater in all components
than those in blood. When the total concentrations of 3 TMBs
or 11 AHCs (C10–C20) were compared between skin and
blood, the concentration in skin was the greatest in light oil
and the least in gasoline (Fig. 2).

3.3. Human cases

The mass chromatograms obtained from two human cases,
and their concentrations of major components and %AHCs
are shown inFig. 3andTable 3, respectively. In case 1, high
amounts of aliphatics were detected in the skin sample with a
similar pattern and similar components for kerosene (Fig. 3a)

F liphatic he total
a otal am skin
s those
btained from skin samples appear to be similar to the
ard pattern. To characterize the difference of three petro
roducts, the peak area ratio to IS of three kinds of TM
nd naphthalene were totalled as aromatics, and the
rea ratio to IS of saturated aliphatic hydrocarbons wer

alled as aliphatics (AHCs), and then the percentage of A
%AHCs) in the total of aromatics and AHCs were calcula
100× AHCs/(AHCs + aromatics)] (Table 2). The peak are
atio, not concentration, was utilized for this calculation s
1) several aliphatic components (<C10 and >C20) were no
uantified but detected and (2) peak area ratio can be

ly calculated without calibration curves and may be co
ient in practical examination to capture the rough patte
etected components. In standard products, the %AH
asoline was lower than those of kerosene and light oil.
AHCs of skin samples were slightly greater than thos

ig. 2. The concentrations of trimethylbenzenes (TMBs) and C10–C20 of a
mounts of three kinds of TMBs (1,3,5-, 1,2,4- and 1,2,3-TMBs) or t
amples, and then the total amounts of skin samples were divided by
hydrocarbons were compared between skin and blood samples. T
ounts of C10–C20 of aliphatic hydrocarbons were calculated in blood and

in blood samples.
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Fig. 3. Mass chromatograms obtained from human cases are shown.

and any other possible causative chemicals were not deter-
mined. Though trivial amounts of some kerosene components
were detected in the blood, the causative agent could not be
identified by blood analysis itself (Fig. 3b). The patient was
diagnosed with kerosene dermatitis.

In case 2, aliphatics of C11–C17 were detected with a sim-
ilar pattern for standard kerosene in the skin sample (Fig. 3c).
The left-arm skin sample, which consisted of mostly de-
tached bulla, registered the highest concentration of kerosene
components. In the blood, high concentrations of aliphatics
of C9–C13 were detected, and the components of detected
AHCs were different from both standard kerosene and gaso-
line (Fig. 3d). Based on our overall forensic investigation, we
consider the victim have committed suicide by self-burning
using kerosene.

4. Discussion

Since GC–MS can easily detect hydrocarbons, numerous
applications have been reported in various fields and there
are many sensitive or specialized methods available depend-
ing on the purpose of study or target hydrocarbons[6–7]. A
conventional method has been selected in our laboratory to
detect a wide range of chemicals for screening purposes in
forensic examinations[8]. This study focused on evaluating
t hich
h ic and
c mal
e
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n all
p ation

lowers the recovery due to winding up into the shaft, which
also results in bigger C.V. depending on how much skin sam-
ple is lost, (2) some components are easily evaporated during
the homogenizing process due to their high volatilities and
(3) pulverization of skin sample frozen in liquid nitrogen,
which is sometimes utilized for the pretreatment of skin[9],
has not worked well for small skin samples in our prelim-
inary study. Quick performance in mincing skin, putting it
into water and being capped was efficient and adequate for
identifying the causative agent. The high recovery derived
from skin samples was therefore expected because standard
solution was spiked into the water together with the skin
sample.

Though quantification from skin sample was carried out
in this study, the quantitative data of skin samples are con-
sidered to be highly dependent on methodology due to skin’s
difficult physical properties. Equally degenerated skin sam-
ple is difficult to prepare unless some reliable pretreatment
device is developed. There have been a few in vitro studies
that analyzed the components of JP-8 jet fuel in skin samples,
however, no study used homogenizer or a suitable device
for preparation. Punched skin was directly put into a vial for
headspace GC-FID in one study[10], and tape-stripped and
cotton-swabbed methods were chosen in another study to
determine radiolabeled components[11]. The concentrations
obtained from these studies were generated by time-course
c rtion
a rine
a may
n rent
m tive
p lled
c

he usefulness of skin sample (as compared to blood), w
as rarely been used as a biological specimen in forens
linical fields to identify the causative agent when der
xposure was involved.

In the extraction procedures for skin samples, hom
ization was not performed except for cutting skin into sm
ieces prior to weighing. This is because (1) homogeniz
hanges within a same series of samples or by propo
mong constituents within the sample. Unlike blood or u
nalysis, concentrations obtained from skin analysis
ot be comparable to other data obtained from diffe
ethodology. Skin analyses are more likely for qualita
urpose at this point, i.e. pattern analysis in a contro
ondition.
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The results of the animal experiment suggested that (1)
skin sample chromatogram patterns were resembled those
of standard petroleum products, while the patterns of blood
samples differed (Fig. 1andTable 2), (2) skin concentrations
were much greater than blood concentrations, especially in
aliphatics (Fig. 2). These results indicate that skin sample,
compared to blood sample, is advantageous in discriminating
petroleum products, especially in the amount needed for anal-
ysis. Greater retention of aliphatics (essential components to
discriminate petroleum products in skin) results in less sys-
temic absorption, which in turn results in easier detection of
petroleum products in skin. The results of the human cases
support the results of the animal experiment and suggest that
skin analyses can be applicable in both clinical and forensic
fields (Fig. 3).

In case 1, we confirmed that the patient fueled the stove
several hours before the first awareness of redness on her
thigh from the previous afternoon. Therefore, she was prob-
ably exposed to unnoticeable kerosene from her clothes. The
duration of dermal exposure was about 8 h and the initial
visit was approximately 12 h post-exposure. Systemic ab-
sorption of the kerosene components was considered mainly
from dermal exposure. The concentrations in the blood sam-
ple were too low to obtain individual mass spectra, which
is reasonable considering the elimination half-life of TMBs
was about 3 h in a human case and Sprague-Dawley rats[3].
A 24 h
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The petroleum products used as individual standard
products in this study were commercially available products.
Attention should be paid via practical examination to
identify the petroleum product involved, since petroleum
product hydrocarbons are highly varied depending on
company, season or refinery or the composition and blend
of constituents. Identifying the constituent chemicals, espe-
cially in aliphatic hydrocarbons, would be the fundamental
procedure to be determined, and the approximate proportion
of major components may be of secondary help. Aromatic
components, i.e. TMBs, are contained in almost all kinds of
petroleum products, but aliphatic hydrocarbons are highly
correlated to the boiling points of products, which can help
to discriminate gasoline, kerosene or light oil, even if the
proportion of aliphatic (%AHCs) is greatly distorted. For
example, alkylate gasoline (not commercially available by
itself) contains almost no aromatic components, but through
identifying AHC molecules size, it can be determined
as gasoline[14]. The stratum corneum of epidermis is
considered to be the main reservoir of AHCs among skin
layers from our previous study[2]. Detached roof of bulla,
which mainly consists of epidermis, could be the most
advantageous skin sample because high concentrations of
components remain in it and it is easy and painless sampling.

Skin is a convenient and useful specimen, but thorough at-
tention should be paid to sample handling, since skin is easily
c rface
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nd the aromatic components almost disappeared at
ostexposure, which results in higher %AHCs than s
fter the dermal exposure[12]. On the other hand, it wa
asy to identify kerosene from the detached roof of b
his was also reasonable considering the patient did
ash the lesion surfaces allowing the majority of com
ents to remain except for some evaporation, absorptio
etabolism within the skin. Further study is needed to ev
te how long the causative agents can be identified from
amples.

In case 2, the essential components of aliphatic
erosene with mass spectra were obtained from the
ample, which strongly suggests that the victim’s skin
n direct contact with kerosene. In the blood, aliphatic

9–C13 were detected, which was different from the res
f case 1 and the animal experiment. The aliphatics w
e derived mainly from inhalation of vaporized kerosen
ombusted kerosene based on the result reported by K
t al. [13], in which lower molecules of aliphatics and a
atics were easily inhaled compared to larger molec
kin concentrations are mainly affected by direct con
ith chemicals, but blood concentrations can be affe
y many factors, i.e. inhalation and dermal exposure,
esting that the skin is a feasible specimen to deter

he dermal exposure. In addition, case 2 involved var
actors besides dermal exposure, i.e. fire and post-mo
hanges, which suggests that analyses using all ava
pecimens rather than just one sample are always re
ended to get a comprehensive interpretation for indivi

ases.
ontaminated with any nearby chemicals. The skin su
as to be washed with excessive amounts of water or a
ropriate solvent prior to sampling to remove contamin
r raw materials at high concentration on the surface, ex
hen the purpose is to analyze residue on the surface.
hemicals permeated in skin have to be analyzed to co
ermal exposure.

In conclusion, skin analysis is useful to identify
ausative chemical in cases of dermal exposure. The cau
hemicals would not only be limited to the three kinds
etroleum products examined in this study, but would
lude other hydrophobic chemicals that can be trappe
kin.
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