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Abstract: Diesel is often used as an accelerant in arson cases, so identifying its source is crucial to
the investigation. Stable isotope analysis is a method for detecting molecular elements at the element
level. The carbon and hydrogen isotope information of diesel n-alkanes has geographical
characteristics reflecting the source of raw materials. Previous studies have successfully established
the relationships between field samples and control samples using cluster analysis and discriminant
analysis algorithms. However, with increased accessibility, criminals can cross borders more easily,

complicating the investigation process. Traditional analytical methods typically rely on known diesel
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sources to compare isotopic information between the sample and the control material. However,
criminals often purchase diesel from different locations and ship it to crime scenes, thus separating
control samples from crime scene evidence and complicating further investigation and evidence
collection. Therefore, tracing and origin analysis of diesel oil is a necessary condition to improve the
diesel oil tracing system based on isotope information. This method supports the investigation of
cross-regional fire crimes. In this study, discriminant analysis and neuwere ral network algorithms
were used to analyze the carbon and hydrogen isotope data of m-alkanes in diesel samples from
Beijing, Gansu, Heilongjiang, Shandong. The corresponding analysis model was established, and the
effectiveness of different statistical methods for diesel engine source inference was discussed. The
carbon and hydrogen isotopes of n-C,,-n-C,, in 44 diesel oil samples from Beijing, Gansu,
Heilongjiang, and Shandong were analyzed by gas chromatography-isotope ratio mass spectrometry
(GC-IRMS). The results were evaluated using discriminant analysis, multilayer perceptron (MLP) and
radial basis function (RBF). The results showed significant regional differences are in the carbon and
hydrogen isotope ratios of diesel n-alkanes. When the discriminant analysis algorithm was used to
determine the diesel fuel source, the model based on carbon and hydrogen isotope data has a better
classification effect than the model based on a single element. Using carbon and hydrogen isotope
data as indexes, the source traceability of diesel oil was evaluated by MLP and RBF neural network
models. The results showed that the classification accuracies of MLP and RBF models are 90.0% and
90.9%, respectively. Among the three models, the discriminant function model has the highest overall
accuracy. However, when the samples from four regions were distinguished by the two neural
network models, the classification accuracy of most regions is better than or close to the discriminant
analysis model, and some accuracy is lower than the discriminant analysis model. The horizontal
comparison of discriminant analysis results should be combined in application to achieve the best
traceability results. This study effectively fills the gap in domestic stable isotope diesel source
analysis, providing strong technical support for the investigation of diesel arson in the future.

Key words: gas chromatography-isotope ratio mass spectrometry (GC-IRMS); diesel oil; stable

isotopes; traceability analysis
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Table 1 Information of diesel sample
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Area Number of sample Acquisition time
Jese 20 2023.7.1
Hl 6 2023.5.15
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7R 9 2023.7.5
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Fig.1 Chromatograph of typical diesel oil
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Fig.2 Distributions of carbon and hydrogen isotope ratios of diesel n-alkanes in Beijing (a), Gansu (b),

Heilongjiang (c¢) and Shandong (d) regions
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Jb 5T IX BEA 5 1L 28 b X FE AR 22 AT A7 £ 358 4
FEAR X I 2, (HAH LT SR EE 6°C [EMEEY
B, HL S )N

3 0 J ) 43 A AR Sk S T 7 b ) ) 4
BF T4 3, FET 6°C F O°H A H B B9 ) B o
FOBRY TE i AR T — oo 3, Hoh, BIeVL
b X REAS L [ B 56 0E A28 ORI HP ) 1E R 14
M 100.0%; L1 75 A H 7 b X R A 6 4] 531 1 i R
BIL T —Ju 2, il ihF] 85.0%Lh I+ 4 A Hb X
& [ B 5 0E A1 A8 X5 IE IF 86 2R 1] 38 91.8% 1
89.9%, I T H—JL R EAY
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Table 3 Identification accuracy of carbon isotope, hydrogen isotope,

and their combination for origin of n-alkanes

V3 A S () 3 S0 E/ 28 USRI )

H X Discriminant accuracy (self-validation/cross-validation)/%

Area o"c OH 0”C+0’H

et 75.0/60.0 75.0/70.0 80.0/75.0

oty 83.3/83.3 95.8/91.7 95.8/91.7
IR 100.0/92.6 100.0/92.6 100.0/100.0

IR 88.9/81.9 81.5/77.8 88.9/88.9

J=yan 87.8/80.6 88.8/83.7 91.8/89.9
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Ry ik — 25 5% 36 T 48 i I A B R TR R AF
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1) 22 )2 1B 125 (MLP) F14% 7] JE R %5 (RBF) 2 Fifpf

25 L5 REHRY ) X 4 A M X S8 T IE A Bk s L &
(6] 037 2% AR A T W 5 53 A, 4R ol 28 ) 2 A5 A )
S 3 1 1 W 5 e

43 A MLP 1 RBF 4325 253 A5 B0 XiF 44 Fif
sl v IE A e IR 1Y 01°C A1 O°H BUE AT 4 5 A
B, 2 MR N B S B A Tk 4. 5. TE
AU AL v, K R 07 R ERE i BRI 2R 4R 70%, 39
UEEE 30%09 LL 513 43, 75 %] MLP 1 RBF 9 #1 Jjl]
iR T K 6.
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Table 4 Information of mult

ilayer perceptron model

. FERLz/ Feht 2 i K 2 .
145/ fil A2 S e e e o S 1%
i A WA s maws B WAER psiEm O
IEUEREAR L] 5344 Py 27 . 7520
L o Number of Hidden layer Number of Output level Output layer
Training/validation Number of Input layer hidden startup output dependent startup Type of
o . . L
sample ratio/% - input layer covanance layers/units function layers variable function training
70/30 16 n-Cy~n-Cxd"CoH  1/5 AU EY) 4 WX AR Hiabs
x5 ZEERYPERER
Table 5 Information of radial basis function model
. W2/ W)z i i 1 7K Bz
pIEN, A A s o " e
O P g MTEG SN BEC BRI
Tr;ning validation Nurjber of Input I;er Number of Hidden layer Number of Output level Output layer
sample ratio/%  input layer covariance hidden startup output dependent startup
layers/units function layers variable function
70/30 16 n-Cy~n-Cys6"CoH 1/4 PRI 1) 3 PR 4 WX e

R 6 ZRBAIRFOEEE R IR T EANRT IR B SR 2 X S 4 7= 3 (X B9 ) 3145 B

Table 6 Identification accuracy of n-alkane carbon and hydrogen isotopes in diesel production area

under multi-layer perceptron and radial basis function model

IS HERG S Discrimination accuracy/%
R ZZRAE MLP F 1 3 b4 RBF
Model s ik T WA T R T WA
Beijing Gansu Heilongjiang Shandong Beijing Gansu Heilongjiang Shandong
Pl 93.8 100.0 100.0 94.4 66.7 100.0 100.0 81.0
WA 50.0 100.0 100.0 88.9 80.0 100.0 100.0 83.3
MLP 1 RBF #5847 % 531] S 1 7 b i 8 44 1 258 LA 73 B A5 LR 2 Foh o 28 0 2% A6

TR TR 2251, 4390 90.0%5 90.9%. M i
DX A BE 3T, 2 PR RS AE S5 A H A R e VI X
FEAS B I 25 4 0 3K 4 04 1F 1 22 1 2 100.0%.
LU R Hls DX AR E MILP A58 780 1) 25 R 3 4 1
IE 0535 5 T RBF, 2 BIFE X 43 11 AR Hb DX S8 A
A, RBF #5819 R A0 T MLP, 1 78 46 5% 3
X AEAS Hr, MLP 4 1F 1 224 R 50.0%, RBF
YRR IE AR N 66.7%, & WA TE X 43 b 5T Hi X 4%
M AFTEAR 2

RUAE AR S S5 9 1E M BeJ 67°C Fn o°H B dia ik 17

i B A TR AR R, A B 3 R AR A A I R
FHIT . o, RBF B0 0 48 1) 1F 1 R s,
YR 50 43 BT A2 MILP A5 0300 38 42 1) 1 1 %%
o AR M X TE B 2R AT 40T, Jb T XA AR
£ RBF #5278 {1 0 320 4R v 1F 8 232 55 5, R 80.0%;
0 o B B R, b B X A2 OB IE IE R N
75.0%, fm3 T- MLP 5 B U3 4R 1E 1 % 50.0%.
JR A VT b X FE AR #E MLP A1 RBF A5 )
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B e 4R Hae

IR IEH R ik 3] 100.0%, Horb, H i X FE
AR TE A 208 T A A A v 58 B IE IE AR . 1l
2R M IX BEARTE MLP 0358 2 1A 51 43 A7 58 S IE
HOE 8 R4, 198 89.9%, i #F RBF 45 %4 14 1F
BRMET 34, M 83.3%.

ZE PRIk, 2 P 8 W 5 AR R AE (X 4 4 ) Hi
XAEAET HN AL REAF A 22 5%, 280N DL P Fak
FEH0 ) 53 B AL, S 43 1 B SR A 0 500 4 A
B, DRI, 7 O A 20 0 24 0 A7 S 3 A VR
N 2546 F N 3 AT AR A SRR AT L, DAARAS T
WA TR 25 R

3 it

A SCH ] GC-IRMS 7 AR X 3. [ 4 4~ X A=
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i, & 2 FoC £ WAL E L E W2, JF R H
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