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Abstract

This study evaluates the usefulness of skin analysis to determine the causative agent in cases of dermal exposure. The study consists of a
animal experiment and two human cases. The petroleum components detected at high concentrations in skin samples resembled the compositio
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
dermal exposure.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction blood-circulation[3], and (3) to analyze aliphatic compo-
nents, a small amount of skin sample is adequate as compared

Blood or urine samples are commonly used specimens forto blood sampl€1,2].

diagnosis in the medical field. In cases of intoxication, esti-  In addition to kerosene, gasoline and light oil are also

mating the causative agent is the first requirement for treat- commonly used petroleum products in daily life and are of-

mentin the clinical field. If the cases are involved in accidents ten involved in accidents or crimes due to their easy accessi-

or crimes, identifying the chemical is essential for forensic in- bility, inflammable and inflammatory propertigg5]. These

vestigation. Except for several medicines or illicit drugs that products consist of thousands of hydrocarbons and they are

can be analyzed by an automated drug monitoring systemroughly discriminated from each other by their constitution of

or commercially available screening kit, rapid determination aliphatic hydrocarbons, which are a result of different boiling

of the causative chemical in biological samples is generally points of distillates. The purpose of this study was to evaluate

laborious. whether skin samples would be useful to identify a dermally
Our recent animal studies involving kerosene commonly exposed petroleum product through an animal experiment

involved in crimes or accidents have suggested that skin anal-and two firsthand practical human cases.

ysis is much more efficient than blood analysis to identify

kerosene components in dermal exposure cases. This is be-

cause (1) aliphatic hydrocarbons, essential components top. Materials and methods

discriminate petroleum products, tend to remain in §kjg],

(2) aromatic hydrocarbons, relatively common components 2 1. Reagents

in most petroleum products, are easily absorbed via skin into

Regular gasoline, kerosene and light oil were obtained

* Corresponding author. Tel.: +81 853 20 2159 fax: +81 853 20 2155.  from Shell Petroleum Ind. (Tokyo, Japan) and were used
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dio (used as internal standard; IS), saturated aliphatic hydro-Case 2. A 37-year-old man was found dead at the scene
carbons (AHCs) (&—Cy0), three kinds of trimethylbenzene of a fire. The next day (about 24 h after the fire), a medico-
(TMB)(1,3,5-, 1,2,4- and 1,2,3-TMB) and naphthalene were legal autopsy was performed to elucidate the cause of death
purchased from Wako Pure Chemical Ind. (Osaka, Japan).and the situation caused death. The body surface was covered
The standard solutions were dissolved in ethanol. In this ex- with variety of first to fourth degree burns. Small skin sam-
periment, ethanol and-pentane were distilled three times ples (approximately 1 cm 1 cm) were collected as forensic

before being used. specimens from different parts of the body (left shoulder, left
chest, right and left arms, abdomen) together with regular
2.2. Biological samples specimens (blood, urine, tissue samples) at autopsy. The in-

cisions were sutured after the sampling. Subcutaneous fat and
The samples were obtained from an animal experiment most of the dermis were immediately removed from the up-
using rats and two human cases. per part of the skin (mainly epidermis) by scissors, and then
the upper layer of skin was stored-aB0°C until assay.

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 ~ Petroleum components in skin (0.01-0.03g) and whole
male Sprague—Dawley rats (B.W. 300-350 g)(Charles River plc_)od (0.5ml) were extracted by I|qU|d—I|qU|q extractlon_ uti-
Breeding Labs, Yokohama, Japan) were used for this exper-112ing our previously reported methddi,2]. Briefly, the skin
iment and were under anesthesia (2 mi/kg i.m. of a mix of S&Mple was quickly minced by scissors and immediately put
droperidol 1.25 mg/ml and fentanyl 0.025 mg/ml) during the INto distilled water (2ml) in a glass tube that was previously
whole experiment. Dermal exposure and sampling were per_Welghed. The tube was then weighed again to calculate the

formed utilizing our previously reported methfi]. Briefly, skin weight. IS (10 ng) and-pentane (7 ml) were sequen-
the abdominal fur was closely clipped and a square piecet'a"y added. Petroleum components were extracted with

of cotton (4 cmx 4 cm) soaked with 4 ml of either standard N-Pentane for 20 min using a shaker (SA-31, Yamato Scien-
gasoline, kerosene or light oil was applied for 2t of tific, I_(yoto Japa_m). The tube was centrifuged at 3000 rpm for
each). The cotton was covered with impermeable stretch film 10 Min and putinto a freezer a80°C to freeze the aqueous

to prevent vaporization and immobilized by adhesive ban- Phase (bottom layer). One hour later, the pentane layer was
dage (10 cmx 20 cm) during the 2h exposure period. The decanted into a new glass tube and concentrated under a
exposed skin was thoroughly washed with soap at 2 h, andN2 Stream into about 100-130. The 1pl of the extract

then the rats were sacrificed by decapitation. Trunk blood Was injected onto a GC-MS system. For the blood sample,
was collected and the exposed skin was excised for GC—MSO'5 ml of Whole_blood was put into distilled water (1.5 ml),
assay. The skin samples were put into a small plastic bag withand then the skin sample procedures were followed exactly.
the air eliminated. To keep the petroleum components stable,
the samples were stored-a80°C until assay.

2.3. Sample preparation

2.4. GC-MS condition

GC-MS analysis was carried out using a HP-5972
GC-MS system. The separation was achieved by a capillary
column (HP-5MS, 0.25 mm 30 m i.d., 0.25.m thickness).
Case 1. A 73-year-old woman visited our hospital with  The column temperature was set at&for 1 min, increased
complaining of extensive erythema over her abdomen, at 10°C/min up to 280 C and held for 10 min. The tempera-
which had developed from the previous evening. The lesionstyre of injection portand ion source was setat 270 and'230
seemed to be caused by dermal exposure to some chemicatespectively. Scan modenz 40—-300) and selected ion mon-
The lesions were first washed thoroughly with saline. The itoring (SIM) mode analyses were performed for qualitative
detached roof of bulla (mainly epidermis) over the lesions and quantitative purposes, respectivetiz 98 (IS), 120 and
was removed by scissors, which is a routine painless proce-105 (TMBs), 128 (naphthalene), and 57 and 71 (aliphatics)

dure in clinical treatments before applying ointment. Though were monitored for three kinds of TMBs, naphthalene and
the removed bulla was generally discarded, the part of the gliphatics (Go—Cyg) to be quantified.

bulla (total of about 0.1g) was saved as a skin sample for

the diagnostic analysis in this case. Five milliliter of blood

was collected for routine hematological and biochemical 3. Results

analyses and for the diagnostic analysis. These materials

were collected with the written informed consent of the 3.1, Determination of gasoline, kerosene and light oil
patient. A part of the skin sample (0.01 g) and blood sample

(0.5 ml) was extracted after the sampling and the rest of the Fig. 1 shows typical mass chromatograms of the major
samples were stored a80°C. components of extracted standard petroleum produgt$ (1

2.2.2. Human cases
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Fig. 1. The mass chromatograms monitoringrt®(98), aliphatic hydrocarbong{z57 and 71), naphthalene (Napmy¢128) 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- on the product) were quantified by the peak-area ratios com-
yses of standard solution and/or library of mass spectra pre-pared to IS of individual components. The detection limit

installed in HP Chemistatid'. The major hydrocarbons  was 20 pg for TMBs, 5 pg for naphthalene, and 5-13 pg for
were detected in different spans of retention times dependingAHCs (Cg—Cp0) on column (S/N = 3). The extraction recov-

on the products. Among the detected peaks, three kinds oferies of these standard components were 88-91% for TMBs,
TMBs and naphthalene (common components of three prod-95% for naphthalene and 78—94% for AHCs when 100 ng/ml
ucts) and @g—Cyo AHCs (different components depending 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

Precision (ng/g)

Accuracy (%)

Inter-day

Precision (ng/g)

Accuracy (%)

Skin
1,2,4-TMB 50 46.5+ 9.3 930 47.6+ 10.5 952
500 501.2+ 70.2 1002 486.9+ 65.4 974
Naphthalene 50 51.3 4.3 102.6 49.5+ 7.3 990
500 493.5+ 26.7 98.7 476.9+ 18.7 954
Ci1 50 47.6+ 8.5 952 43.8+ 12.3 876
500 521.0+ 35.2 1042 529.1+ 80.3 1058
Cia 50 44.3+ 6.7 886 46.5+ 7.0 930
500 530.5+ 21.6 1061 510.8+ 46.9 1022
Blood
1,2,4-TMB 50 47.5+ 10.1 950 51.2+ 9.6 1024
500 505.3+ 43.2 1006 508.1+ 52.9 1016
Naphthalene 50 50.6 5.3 1012 52.3+ 4.6 1046
500 507.9+ 18.9 1016 490.5+ 24.3 981
Ci1 50 48.2+ 7.6 964 46.6+ 8.3 932
500 532.04+ 41.7 1064 509.8+ 64.2 1020
Ci4 50 48.7+ 6.4 974 475+ 6.9 950
500 519.44 38.6 1039 497.7+ 51.3 995

Data express meahSD (n=6).
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rough estimates since the final volume of solvent following Table 2

evaporation under aj\stream was not able to exactly equal The %erce”gngzSCOf A;'O%S A(L@éi}lislj galculated tf'rom peak area ratio to IS
= +
between samples. are shown [%AHCs s/(AHCs +aromatics)]

For analyses of these components in skin and blood sam-Standard product Rat Skin Blood
ples, the calibration curves, recoveries, intra- and inter day Gasoline 12821 #1 14.3 68.0
precision and accuracy were determined using several intact #2 151 74.6
rats that were not exposed to any petroleum products by spik-Kerosene 85.43.4 #3 93.3 16.0
ing with standard components. Good linearity was observed #4 88.4 5.0
between 10 and 1000 ng/sample when individual componentsLight oil 97.9+0.3 #5 99.7 68.6
were spiked in skin and blood samples. If the recovery of stan- #6 99.5 69.6

dard solution was assumed to be 100%, the relative recoverieromatics represent the total of three kinds of trimethylbenzenes and naph-
of individual components for skin and blood samples were thalene. Aliphatic hydrocarbons (AHCs) represent saturated aliphatic hy-
94—-105% for skin samples and 89—102% for blood samples. _dro_ce_irbons. pata express meaBE for standardr(=5) and actual data of
The intra- and inter-day precision and accuracy are shown "dVidual animal 4=2 of each).

for four componentsTable 1), and we found the coefficient  Tapje 3

variations to be greater at low concentrations in all compo- The concentrationgug/g) of four components in human cases and the cal-

nents. culated %AHCs
Aromatics Aliphatics %AHCs
3.2. Animal study 1,2,4-TMB  Naphthalene @G Cia
Case 1 (dermal exposure)
The chromatograms dfig. 1 (middle and bottom) show Skin 170 191 785 14336 99.3

skin and blood samples obtained from the animal experi- Blood  0.02 n.d. ®o4  n.d. 175

ment. The patterns of the chromatograms in blood appearcase 2 (dermal exposure +inhalation)

different from standard kerosene and light oil once these Skin  1.67 1.50 139 1415 968
products were absorbed via skin, while the chromatograms_ Blocd 024 0.08 09 nd 868
obtained from skin samples appear to be similar to the stan-

dard pattern. To characterize the difference of three petroleumstandard products, while those of blood samples were differ-
products, the peak area ratio to IS of three kinds of TMBs ent in kerosene and light oil.

and naphthalene were totalled as aromatics, and the peak The concentrations in skin were greater in all components
area ratio to IS of saturated aliphatic hydrocarbons were to- than those in blood. When the total concentrations of 3 TMBs
talled as aliphatics (AHCs), and then the percentage of AHCsor 11 AHCs (Go—Cyo) were compared between skin and
(%AHCs) in the total of aromatics and AHCs were calculated blood, the concentration in skin was the greatest in light oil
[100 x AHCs/(AHCs +aromatics)]fable 9. The peak area  and the least in gasolin€&ig. 2).

ratio, not concentration, was utilized for this calculation since

(1) several aliphatic components (gg&and >Gg) were not 3.3. Human cases

quantified but detected and (2) peak area ratio can be eas-

ily calculated without calibration curves and may be conve-  The mass chromatograms obtained from two human cases,
nient in practical examination to capture the rough pattern of and their concentrations of major components and %AHCs
detected components. In standard products, the %AHCs ofare shown irFig. 3andTable 3 respectively. In case 1, high
gasoline was lower than those of kerosene and light oil. The amounts of aliphatics were detected in the skin sample with a
%AHCs of skin samples were slightly greater than those of similar pattern and similar components for kerosdtig.(3a)

TMBs
Gasoline —
Kerosene —/7/
Light oil
[ I I | T T
0 20 40 0 10000 20000

Skin conc./ Blood conc.

Fig. 2. The concentrations of trimethylbenzenes (TMBs) ang-Cy of aliphatic hydrocarbons were compared between skin and blood samples. The total
amounts of three kinds of TMBs (1,3,5-, 1,2,4- and 1,2,3-TMBs) or total amountsefz of aliphatic hydrocarbons were calculated in blood and skin
samples, and then the total amounts of skin samples were divided by those 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 deterlowers the recovery due to winding up into the shaft, which
mined. Though trivialamounts of some kerosene componentsalso results in bigger C.V. depending on how much skin sam-
were detected in the blood, the causative agent could not beple is lost, (2) some components are easily evaporated during
identified by blood analysis itself~{g. 3b). The patient was  the homogenizing process due to their high volatilities and

diagnosed with kerosene dermatitis. (3) pulverization of skin sample frozen in liquid nitrogen,
In case 2, aliphatics of {z—C;7 were detected with asim-  which is sometimes utilized for the pretreatment of &)
ilar pattern for standard kerosene in the skin sanfpig Gc). has not worked well for small skin samples in our prelim-

The left-arm skin sample, which consisted of mostly de- inary study. Quick performance in mincing skin, putting it
tached bulla, registered the highest concentration of kerosenénto water and being capped was efficient and adequate for
components. In the blood, high concentrations of aliphatics identifying the causative agent. The high recovery derived
of Cg—Cy13 were detected, and the components of detected from skin samples was therefore expected because standard
AHCs were different from both standard kerosene and gaso-solution was spiked into the water together with the skin
line (Fig. 3d). Based on our overall forensic investigation, we sample.
consider the victim have committed suicide by self-burning ~ Though quantification from skin sample was carried out
using kerosene. 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-
4. Discussion ple is difficult to prepare unless some reliable pretreatment
device is developed. There have been a few in vitro studies
Since GC-MS can easily detect hydrocarbons, numerousthat analyzed the components of JP-8 jet fuel in skin samples,
applications have been reported in various fields and therehowever, no study used homogenizer or a suitable device
are many sensitive or specialized methods available dependfor preparation. Punched skin was directly put into a vial for
ing on the purpose of study or target hydrocarb@s]. A headspace GC-FID in one stuffy0], and tape-stripped and
conventional method has been selected in our laboratory tocotton-swabbed methods were chosen in another study to
detect a wide range of chemicals for screening purposes indetermine radiolabeled componefit$]. The concentrations
forensic examinationf8]. This study focused on evaluating obtained from these studies were generated by time-course
the usefulness of skin sample (as compared to blood), whichchanges within a same series of samples or by proportion
has rarely been used as a biological specimen in forensic ancamong constituents within the sample. Unlike blood or urine
clinical fields to identify the causative agent when dermal analysis, concentrations obtained from skin analysis may
exposure was involved. not be comparable to other data obtained from different
In the extraction procedures for skin samples, homoge- methodology. Skin analyses are more likely for qualitative
nization was not performed except for cutting skin into small purpose at this point, i.e. pattern analysis in a controlled
pieces prior to weighing. This is because (1) homogenization condition.



58 Y. Hieda et al. / J. Chromatogr. B 823 (2005) 53-59

The results of the animal experiment suggested that (1) The petroleum products used as individual standard
skin sample chromatogram patterns were resembled thosegroducts in this study were commercially available products.
of standard petroleum products, while the patterns of blood Attention should be paid via practical examination to
samples differedRig. 1andTable 2, (2) skin concentrations  identify the petroleum product involved, since petroleum
were much greater than blood concentrations, especially inproduct hydrocarbons are highly varied depending on
aliphatics Fig. 2). These results indicate that skin sample, company, season or refinery or the composition and blend
compared to blood sample, is advantageous in discriminatingof constituents. Identifying the constituent chemicals, espe-
petroleum products, especially inthe amount needed for anal-cially in aliphatic hydrocarbons, would be the fundamental
ysis. Greater retention of aliphatics (essential components toprocedure to be determined, and the approximate proportion
discriminate petroleum products in skin) results in less sys- of major components may be of secondary help. Aromatic
temic absorption, which in turn results in easier detection of components, i.e. TMBs, are contained in almost all kinds of
petroleum products in skin. The results of the human casespetroleum products, but aliphatic hydrocarbons are highly
support the results of the animal experiment and suggest thatcorrelated to the boiling points of products, which can help
skin analyses can be applicable in both clinical and forensic to discriminate gasoline, kerosene or light oil, even if the
fields Fig. 3. proportion of aliphatic (%AHCSs) is greatly distorted. For

In case 1, we confirmed that the patient fueled the stove example, alkylate gasoline (not commercially available by
several hours before the first awareness of redness on heitself) contains almost no aromatic components, but through
thigh from the previous afternoon. Therefore, she was prob- identifying AHC molecules size, it can be determined
ably exposed to unnoticeable kerosene from her clothes. Theas gasoline[14]. The stratum corneum of epidermis is
duration of dermal exposure was about 8 h and the initial considered to be the main reservoir of AHCs among skin
visit was approximately 12 h post-exposure. Systemic ab- layers from our previous stud]. Detached roof of bulla,
sorption of the kerosene components was considered mainlywhich mainly consists of epidermis, could be the most
from dermal exposure. The concentrations in the blood sam-advantageous skin sample because high concentrations of
ple were too low to obtain individual mass spectra, which components remain in it and it is easy and painless sampling.
is reasonable considering the elimination half-life of TMBs Skin is a convenient and useful specimen, but thorough at-
was about 3 h in a human case and Sprague-Dawley3jats  tention should be paid to sample handling, since skin is easily
And the aromatic components almost disappeared at 24 hcontaminated with any nearby chemicals. The skin surface
postexposure, which results in higher %AHCs than soon has to be washed with excessive amounts of water or an ap-
after the dermal exposuf@2]. On the other hand, it was propriate solvent prior to sampling to remove contaminants
easy to identify kerosene from the detached roof of bulla. or raw materials at high concentration on the surface, except
This was also reasonable considering the patient did notwhen the purpose is to analyze residue on the surface. Only
wash the lesion surfaces allowing the majority of compo- chemicals permeated in skin have to be analyzed to confirm
nents to remain except for some evaporation, absorption anddermal exposure.
metabolism within the skin. Further study is needed to evalu-  In conclusion, skin analysis is useful to identify the
ate how long the causative agents can be identified from skincausative chemical in cases of dermal exposure. The causative
samples. chemicals would not only be limited to the three kinds of

In case 2, the essential components of aliphatics of petroleum products examined in this study, but would in-
kerosene with mass spectra were obtained from the skinclude other hydrophobic chemicals that can be trapped in
sample, which strongly suggests that the victim’s skin was skin.
in direct contact with kerosene. In the blood, aliphatics of
Co—Cy3 were detected, which was different from the results
of case 1 and the animal experiment. The aliphatics would
be derived mainly from inhalation of vaporized kerosene or
CombUSteC_l kerolsene based on the reSUIt_repo_rted by Kimura‘[1] Y. Tsujino, Y. Hieda, K. Kimura, S. Dekio, Forensic Sci. Int. 133
et al.[13], in which lower molecules of aliphatics and aro- (2003) 141.
matics were easily inhaled compared to larger molecules. [2] V. Hieda, Y. Tsuijino, Y. Xue, K. Takayama, J. Fujihara, K. Kimura,
Skin concentrations are mainly affected by direct contact S. Dekio, Int. J. Legal Med. 118 (2004) 41.
with chemicals, but blood concentrations can be affected [3] Y- Tsuiino, Y. Hieda, K. Kimura, H. Eto, T. Yakabe, K. Takayama,

. . . ) S. Dekio, Int. J. Legal Med. 116 (2002) 207.

by many factors, Ie |r_1halat|on_and dermal exposure, SL_Jg [4] K. Matsubara, A. Akane, S. Takahashi, H. Shiono, Y. Fukui, J. Chro-
gesting that the skin is a feasible specimen to determine =~ matogr. 424 (1988) 49.
the dermal exposure. In addition, case 2 involved various [5] M. Morinaga, S. Kashimura, K. Hara, Y. Hieda, M. Kageura, Int. J.
factors besides dermal exposure, i.e. fire and post-mortem  Legal Med. 109 (1996) 75.
changes, which suggests that analyses using all available[®! G-S- Douglas, WA. Bums, A.E. Bence, D.S. Page, P. Boehm, Env-

. . iron. Sci. Technol. 38 (2004) 3958.
specimens rather than just one _sample are alwz;ys_r_ecom-m D.L. Wetzel, E.S. VanVleet, Mar. Pollut. Bull. 48 (2004) 927.
mended to get a comprehensive interpretation for individual [g] k. kimura, S. Fukushima, K. Matsubara, T. Idzu, S. Takahashi, Adv.
cases. Legal Med. 3 (1997) 535.
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