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Table 1 Information of samples and their origin

City Longitude Latitude Altitude/m Distance from Sampling time ~ Number of Number of
the sea/km hair samples  water samples

Hami, Xinjiang 93.54 42.83 692 2074 2018 41 -
Zhengzhou, Henan 113.77 34.77 89 960 2018 30 3
Nanyang, Henan 112.55 33.00 106 650 2018 38 11
Wenzhou, Zhejiang 120.66 28.00 3 30 2018 33 24
Kunming, Yunnan 102.71 25.05 1960 1 960 2018 28 27
Hezhou, Guangxi 111.52 24.43 121 121 2018 28 27
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Fig. 1 6"™0 and 6°H values of resident hair samples in

different cities
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Fig. 2 Distribution of "0 and 6°H values of drinking

water samples in different cities
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Fig. 3 Distribution of mean 60 and mean 5°H values of

resident hair and drinking water samples in different cities
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Table 2 6"™0 and mean 6°H values of resident hair and drinking water samples between the Chinese and people of other
countries
Hair samples Water samples Coefficients k of the References
Country reg.;ression equation for
hair and water (y=kx+b)
6"%0/%o 6*H/%o 6"%0/%o *H/%o 5”0 &H
China 6.0-11.7 105.2- - 47.8 12.1- - 4.7 88.9--27.5 0.40 0.50 This study
Korea 9.1-12.2 88.7-58.4 17.8-0.0 131.9-7.7 0.27 0.36 Gautam et al.*!
China 10.4-15.3 -122--71 -10.8-4 -89--30 0.39 0.42 Thompson et al."*!
India 10.9-20 ~109- - 63 -7.1-35 ~50-4 - - Thompson et al.!"®
Mongolia 4.7-13.5 - 140- - 89 ~15.1--02 ~114--33 - - Thompson et al.!"
Pakistan 11.4-15.1 -121--78 -9.6--32 -63--18 - - Thompson et al.!"
United States 7.4-15.9 - 125--177 - 18-1.3 - 140-4 0.35 0.27 Ehleringer et al.*”
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Table 3 Abstract of Fisher discriminant function of 5"*0O and 6°H values of resident hair

Function "0 Standardization factor ¢°H Standardization factor ~ Eigenvalue  Variance contribution/%  Cumulative variance P
contribution/%
1 0.35 0.93 9.42 96.5 96.5 <0.01
2 0.90 0.43 0.34 3.5 100 <0.01
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Fig. 4 Distribution of hair samples in different cities on function I and function 2 obtained from 6O and 6°’H

Table 4 Classification results of hair samples

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

City Hami Zhengzhou Nanyang Wenzhou Kunming Hezhou Total
Hami 63.4/56.1 0/0 0/0 0/0 36.6/41.5 0/0 100.0
Zhengzhou 0/0 55.2/55.2 41.4/41.4 3.4/3.4 0/0 0/0 100.0
Nanyang 0/0 28.6/28.6 60.7/60.7 10.7/10.7 0/0 0/0 100.0
Wenzhou 0/0 0/0 3.8/3.8 84.6/84.6 0/0 11.5/11.5 100.0
Kunming 31.0/34.5 0/0 0/0 0/0 69.0/65.5 0/0 100.0
Hezhou 0/0 0/0 3.3/3.3 30.0/30.0 0/0 66.7/66.7 100.0
242 JERESKAEC, N, O, HEERMRILENIL B8R 3 BT 250008 N 1.7%, =FH G
R 53 99.9% HY IR KE 15 R o 315 pR B Y P{Eﬁj
giatfAme Ml mRk R C NRZERA  /NT0.01, R34 R BEAEIEAT R i K7
RIWWE B ARER), AUTEX 6 Mm-Sk G A X, 3R N  Of B AT 50 pR
7’;i SC. OUN. 0M0. SHAFAREE RGBS MR, afus;mu;fﬁ 4HT TN 0.1%, P
BRI b o SRTA A SR ] (EO8 0.51, AHEAGEI S, NI HERR F 0 ek
W;‘?&ﬁﬁﬂi%@?r F R 1 BT 22 DTk AC B4,

74.8%, 5 R 2 09 T 25 TTRRR R 23.4%,  H)

Table 5 Abstract of Fisher discriminant function of 6°C, 6“N, 6"*0, 6’H values of resident hair

Function oC O"N 0"%0 OH Eigenvalue  Variance Cumulative variance P
Standardization ~ Standardization  Standardization  Standardization contribution contribution/%
factor factor factor factor 1%
1 -0.136 0.375 0.44 0.866 9.23 74.8 74.8 < 0.01
2 -0.366 1.051 0.258 -0314 2.88 23.4 98.1 < 0.01
3 0.871 -0.021 -0.469 0.158 0.21 1.70 99.9 < 0.01
4 0.684 -0.399 0.736 -0.386 0.01 0.10 100 0.51
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Fig. 5 Distribution of hair sample on function I and function 2 obtained from 6"C, 6"N, 6"0, 6°H
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Table 6 Discrimination accuracy of the living cities based on 6"°C, "N, 60, 6°"H

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

City Hami Zhengzhou Nanyang Wenzhou Kunming Hezhou Total
Hami 92.7/87.8 0/2.4 0/0 0/0 7.3/9.8 0/0 100.0
Zhengzhou 0/0 75.9/65.5 24.1/31.0 0/3.4 0/0 0/0 100.0
Nanyang 0/0 25.0/35.7 75.0/64.3 0/0 0/0 0/0 100.0
Wenzhou 0/0 0/0 0/0 76.9/73.1 0/0 23.1/26.9 100.0
Kunming 11.1/14.8 0/0 0/0 0/0 88.9/85.2 0/0 100.0
Hezhou 0/0 0/0 0/0 25.0/25.0 0/0 75.0/75.0 100.0
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Table 7 Discrimination accuracy of the living cities based on 6"C, 6"N, 60, 6°H or their combination

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

City 0"C "N 0"%0 OH 0PC+o"N 0"0+0°H OPC+OPN+6"%0+6°H
Hami 68.3/68.3 82.9/82.9 12.2/12.2 63.4/63.4 90.2/82.9 63.4/56.1 92.7/87.8
Zhengzhou 10.0/10.0 66.7/66.7 24.1/24.1 58.6/58.6 63.3/63.3 55.2/55.2 75.9/65.5
Nanyang 13.2/13.2 52.6/52.6 67.9/64.3 27.0/24.3 60.5/60.5 60.7/60.7 75.0/64.3
Wenzhou 54.5/54.5/ 15.2/15.2 69.2/69.2 38.5/38.5 48.5/42.4 84.6/84.6 76.9/73.1
Kunming 17.9/17.9 32.1/32.1 53.3/46.7 62.1/58.6 21.2/17.9 69.0/65.5 88.9/85.2
Hezhou 3.6/3.6 53.6/53.6 63.3/66.3 60.0/56.7 57.1/57.1 66.7/66.7 75.0/75.0
Total 30.3/30.3 52.0/52.0 45.7/44.0 51.6/50.0 59.1/56.1 66.1/63.9 81.6/76.0
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Table 8 Abstract of MLP model

Training/validation Number of Input layer Number of Hidden layer Number of Output level Output layer Type of
sample ratio% input layers covariance hidden startup output dependent startup training
layers/units function layers variable function
70/30 4 0"C, 6"N, "0, 6°"H 1/5 Hyperbolic tangent 6 City Softmax  Batch process
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Table 9 Discrimination accuracy of the living cities based on 6"C, 6"°N, 60, 6°’H in MLP model

Discrimination accuracy/%

Hami Zhengzhou Nanyang Wenzhou Kunming Hezhou Total
Training 100 50.0 82.4 66.7 80.0 86.4 78.5
Validation 94.1 88.9 72.7 50.0 100.0 83.3 82.8

Table 10 Abstract of RBF model

Training/validation Number of Input layer Number of Hidden layer startup function Number of  Output level Output layer
sample ratio%  input layers covariance hidden output layers dependent startup
layers/units variable function
70/30 4 0BC, 0PN, %0, °H 1/6 Standardized radial basis functions 6 City Softmax
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B3k B 0 S UERA R 63.6%~93.1%, B&AK /i
B3N 79.5% . B A 25 30T s sk & 1) o 2

158 4 69.2%~100.0%, F&AKRIF A AEMF N 78.8%.
IR, MR 2SHEm R m, ERAE
93.1%. BRASHI AL, A3 T 19 53 2 B e 2 7
70% LA Lo MKAE, RA%E . R REL JEIN
U R

Table 11 Discrimination accuracy of the living cities based on 6"°C, "N, 6'*0, 6°H in RBF model

Discrimination accuracy/%

Hami Zhengzhou Nanyang Wenzhou Kunming Hezhou Total

Training 93.1 63.6 76.2 75.0 90.0 73.3 79.5

Validation 75.0 71.4 85.7 83.3 100.0 69.2 78.8
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Examination and Analysis on Oxygen and Hydrogen Stable Isotope Ratios of
Resident Hair’

YU Zi-Yang"?, YANG Rui-Qin”, HUANG Yang'?, QIN Hao'?, HU Can”, ZHU Jun”",
WANG Ping”, GUO Hong-Ling”, MEI Hong-Cheng”™

("School of Criminal Investigation, Peoples’s Public Security University of China, Beijing 100038, China;
Institute of Forensic Science, Ministry of Public Security, Betjing 100038, China)

Abstract Objective The stable isotopic composition of human tissue is related to the individual’s diet,
environment and metabolic status. Once grown, human hair is no longer exchanged with the body and is
chemically stable and easy to collect, making it a good subject for studying the stable isotope composition of
human tissue. The oxygen and hydrogen elements that make up the human body are mainly derived from the
water and food, of which the oxygen and hydrogen stable isotope composition is recorded in hair keratin.
Differences in the stable isotope composition of oxygen and hydrogen in the human hair of different regions can
be used to infer information about people’s diets, living areas and activity trajectories, which is of great
importance in forensic science and other research fields. Methods In this study, oxygen and hydrogen stable
isotope ratios of hair samples from permanent residents in different regions of China were detected and analyzed
using an elemental analyzer-isotope ratio mass spectrometer (EA-IRMS). Results The results showed that there
were significant differences in §"°0 and §°H between some cities, and a significant positive correlation between
overall "0 and 6°H. The overall discrimination accuracy of the stable isotope data was 63.9% for the cross-
validation, and increased significantly when combined with the carbon and nitrogen stable isotope data, reaching
an overall discrimination accuracy of 76.0% for the cross-validation. As the type of stable isotopes used in the
discriminant analysis increased, the model’s discriminant ability was significantly enhanced. Conclusion The
overall discriminative accuracy of the multi-layer perceptron neural network model built by using the stable
isotope data of the 4 elements was 82.8%, and the overall discriminative accuracy of the radial basis function
neural network model was 78.8%. The multilayer perceptron neural network model had the highest discriminative

accuracy among the three traceability mathematical models.
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