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Source Analysis of Gasoline Based on Stable Hydrogen Isotopes
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(1. School of Investigation, People’s Public Security University of China, Beijing 100038, China; 2. Institute
of Forensic Science, Ministry of Public Security, Beijing 100038, China)

Abstract: Gasoline is often used in arson crimes because of its easy accessibility and low flashpoint.
Therefore, determining the source of gasoline has become a key research element in the investigation
of fire-related cases. In this study, hydrogen isotope ratios of 14 characteristic components in 14 gas-
oline samples from 11 oil companies in Beijing were determined by gas chromatography—stable isotope
ratio mass spectrometry (GC-IRMS). The results showed that the hydrogen isotope ratios of all the
characteristic components were distributed in a wide range ( =220. 53%0—13. 61%0). One—way ANO-
VA revealed that about 84% of the samples had at least 10 characteristic components with significant
differences. Orthogonal partial least squares discriminant analysis (OPLS—-DA) showed that the gaso-
line from different sources could be effectively distinguished based on the hydrogen stable isotope sig-
nature. In this study, GC-IRMS was used to screen out the characteristic components of gasoline
and construct a source discrimination model, which provides a scientific basis for the identification of
the source of gasoline in fire-related cases.

Key words: gasoline; characteristic components; stable hydrogen isotopes; source analysis; GC-IRMS
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Fig. 1  Isotope spectra of 14 characteristic components in gasoline
the peak numbers denoted were the same as those in Table 2
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Fig. 2 The range of hydrogen isotope ratios of 14 characteristic components

in all 14 gasoline samples
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3 XN PR 2 R R AE L 7 B (p<0. 05)
Table 3 Number of characteristic components within each pair of gasoline samples that are significantly
different from each other(p<0. 05)
ASF BDP CHB DHF EZL FYB GJC HSS 1C7Z JTR KYS IS MYS NYS

ASF - - - - - - - - - - - - - -
BDP 12 - - - - - - - - - - - - -
CHB 9 9 - - - - - - - - - - - -
DHF 12 14 12 - - - - - - - - - _ _
EZL 11 10 11 14 - - - - - - - - - _
FYB 12 1 11 11 11 - - - - - - - _ _
cIC 11 10 11 14 12 10 - - - - - - _ _
HSS 13 9 11 14 11 13 12 - - - - - _ _
(W 12 10 13 13 11 12 11 9 - - - - - _
JTR 13 13 12 11 11 12 14 14 14 - - - - -
KYS 13 10 12 14 12 12 10 10 9 14 - - - -
LYS 11 10 12 14 11 12 6 5 13 10 - - -
MYS 10 10 11 13 11 12 10 8 9 14 9 11 - -
NYS 11 10 12 13 11 12 11 9 9 12 8 7 10 -

0D/%o

NYS 8852 139,14 -101.86 -69.45 LS BERTH -56.12 -106.14 -102.44 BEPRPN -95.80 7483 -99.57

MYS —-92:55 -14021 -12024 -92.11 [ERAY] SYAEN 7531 -80.02 -113.86 93.06 -76.38 -115.29)
LYS —-88.30 BIZHE -99.58 -73.19 K3 - .97 -69.17 -114.95 BLLEN -85.26 -78.99 -100.15)
KYS —-91.26 =1 = -117.96 [BEXS -13.22 & -188.25 -85.78 -93.20

JTR -170.39 -174.51 BOERIR]

1CZ H 7107

HSS —-111.56 13290 -8237 -98.65

-99.29 -116.46 R .
BRI -100.99 -107.50 EXRAER -

EZL —-9461 -128.26 -110.59 -101.31 7004 -94.15 -97.69

GJC 9562
FYB H-9113

Sample number

DHF BEIXY 12837 -127.29 -92.52 =138.34 -116.23 -111.40 -110.00 BEARE
CHB —fGEE STRI0 -104.13 -108.12 -134.44 -134.43 -105.84 | -64.43

BDP —-91.14 -121.46 -6033 -92.15 EINFRSECEUERER

ASF - -98.11 BEPSSEEL) BN -32.90 |-64.99 BIORIEINTE -94.10
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Fig. 3 Heatmap of hydrogen isotope ratio distribution of 14 characteristic components in 14 gasoline samples
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%4 GJC, ICZ, LYS, NYSH8 MZLHAIAL S (VIP>1. 0) 1) 8D {E
Table 4 The 8D values of the eight core discriminant components(VIP>1.0) of GJC, I1CZ, LYS and NYS

8D/%o
Component
GJC ICZ LYS NYS
2, 2, 4-Trimethylpentane —147.79+3. 98 -185. 68+3. 47 -164. 03+1. 65 -139. 14+1. 99
(F¥L5E)
Toluene (F %) ~116. 46x1. 62 ~77.07+2. 00 ~73.19+1. 01 —69. 45+1. 43
n-Decane (1FE%$45%) -110. 29+4. 86 -87.38+2.31 -100. 15+1. 95 -99.57+2.53
3-Methylhexane (3-F 5L 2 45 ) -95.62+2. 13 -88. 61+2. 65 -88.30+0. 75 -88.52+1. 48
o-Xylene (48— H %) -67. 56%1. 90 -83. 80+4. 20 -69. 17+1. 30 -106. 14+3. 42
1, 2, 4-Trimethylbenzene -56.89+1. 37 -78.18+3.76 —78.99+0. 59 -74.83+1.91
(1, 2, 4-=H%)
Mesitylene(1, 3, 5-=H%) -69. 15+2. 31 -88. 55+3. 49 -85.26+2. 51 -95. 80+2. 87
n-Heptane ( 1F B#5¢) -99.29+3. 60 -90. 15+5. 10 -99. 58+1. 34 -101. 86+3. 05
‘
3 % it

ARWFFEFIH GC-IRMS BRI AL BT 11 0 M 2wl PR A 24T 7 AR LR I E , LB
—MEE Y BTN SD B/ AT . X% X SE 53 1) SDAEEAT SR IE 37 250 T R B, £ 84% Y FE
din B 10 F A B 22 R B RFIEAL 3 o 3 14 420 B9 6D (RN PR AR B 1) 157 3% 5 4 14 i ok
FTARAE, JEBL T SRR S SUFE . BE— 2 R OPLS-DA MM TRIEIX 5>, 45 RFEW
14 FEAR T LIRS It ) 70 o 11 AMERE, 25T SRS E ) LB T AR A X 7y o A
WEET IR K, B RHEAL S oD (EMRE , JRBL 1 A2 E RN 3 BRI 73 AN IR Pl i wl 47
PE, AT IR AR TR ERRE) T ik
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