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Study on Soil Sampling Methods from Different Attachments and Source Indication in

Forensic Evidence

HAO Rui'?, YANG Jinling'?", ZHANG Ganlin'**, ZHAO Yuguo'?, HE Yue*, XU Zhe'*

(1 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of
Chinese Academy of Sciences, Beijing 100049, China; 3 Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008, China; 4 Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment of
China, Nanjing 210042, China)

Abstract: Soil plays an important role in traceability and comparison in forensic evidence due to its characteristics of
extensiveness and easy adhesion. To clarify the role of sampling methods for different attachments on soil characteristics and
source indication of soil, a simulation experiment was conducted for long route chosen in urban-suburbs. The original soils were
collected in different road sections and under different environmental conditions. At the same time, soils attached fiber (gloves),
metal (spades) and rubber (shoe soles) were simulated at each sampling point. Two methods of dry brushing and water
washing/drip washing were used for sampling attached soils on different attachments. The X-ray fluorescence spectrometer (XRF)
was used to analyze the element concentrations in soil samples. The results showed that the sampling methods had no significant
effect on the elemental contents of soil samples attached to fiber and rubber. However, dry brushing method was more convenient
and faster for operation than water washing. The drip washing was better than dry brushing for metal-attached soils. Based on soil
element contents and principal component analysis, soils attached to fiber and metal had a better matching result with its source.
After a longer route, soils attached to the sole reflected the combined information of the route passed, and sole samples were more
similar to the last soil source passed more often. The principal component analysis combined with the Euclidean distance played a

role in the indication of soil attached shoes and their sources. Therefore, the attachments of fiber, metal and rubber can provide a
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basis for inferring the sources of unknown soils and are helpful for soil source indication. However, proper selection and

execution should be based on a variety of analytical methods combined with environmental information for comprehensive

judgment. This simulation experiment can provide a basis for comparison and source indication of soil samples obtained from

different attachments with proper sampling methods.

Key words: Soil; Forensic evidence; Attachment; XRF; Principal component analysis (PCA)
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2.2.1  ZF4E] A B R AR TR BURE Jy 45 9% He ot
TSR FEME N 5 Sio, f1 ALO; 47

H300 501.7 1 90.6 g/kg; K. Ca. Fe Xy &/3
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3)o LRI PR T AR 9 Fh-3EICER XRF £l
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Table 3 Content statistics of main elements in soils attached to gloves by different sampling methods

JLH RIS VI SVRES e t IN4 ~ JN10 Jii 1
B okt BOME PRI RREZ OROKE BME Pt beEz BRR O g mME P9 b
(g/kg) (ghkg) (ghkg) (ghkg)  (gkg)  (gkg)  (gkg) (g/kg) EE O (gkg) (ke (k) (gke)
Si0, 6349 3580 501.7  82.6 660.2 4333 571.5 80.1 0.054 5539 3568  475.0 59.4
ALO; 1287 664 906 21.0 132.2 37.8 85.5 327 0.642  126.0 61.3 78.8 23.6
K 30.9 172 222 4.5 31.4 17.8 23.1 5.2 0.689  26.3 13.8 19.8 43
Ca 1166 330  66.1 34.5 129.5 22.6 71.6 45.9 0.859  103.1 22.9 66.9 32.8
Fe 837 372 565 153 93.4 37.7 59.1 19.1 0.676  82.4 31.5 50.9 18.0
Ti 4305 3.881 4.098 0167 5014 3506  4.331 0.490  0.137  4.855  3.541 4238 0439
Cu  0.124 0.047 0.080 0.079  0.159  0.050  0.086 0.040 0334  0.126  0.041  0.072  0.032
Zn 0222  0.106 0.163  0.041 0524  0.142 0243 0.136  0.117 0210  0.075  0.157  0.042
Pb  0.065 0.034 0.046 0.012  0.075  0.031 0.047 0.016 0524  0.063  0.024 0043  0.015

e BT FERNE RSN ING ~ IN10, TR B 4 G0 s A IN4 ~ IN10, REITFH 6 4 INT ~ IN10 IS4 -

TR KPR 5 IR 4 FhoT R R GE s X
PR B, TRl 5 D s S o4 . K BRI
iHY Ca S VG N 22.6 ~ 129.5 g/kg, 55 1 25 R4
Ko BIUL, KPR PTRE S5 M /K 1 B8 70 45 SR 1
R P o BRIl R K P ot £T 4 S B 5 0 117 £ 392
FENESS REA BE RS, (ANBIRMEREERE,
TRIEPE TR o IWBFE BB R, TRV

HE K BRI T Ry faf 0 i . R, X TR B 9

() - S R O S E TR

2.2.2 & il b R A AN [ BURE ik 5 SRtk
TRl AT B ER KR & 1) 13 Sio, il ALO; P

SRl 421.7 F172.7 g/kg; K. Ca, Fe FH&H

39k 18.8. 49.7 11 46.1 g/kg; Cu. Zn, Pb FH&

B0 0.049, 0.127 F1 0.037 g/kg(GE 4). UL

R4 TREBBEAESRHMELIHEETETRSERI

Table 4 Content statistics of main elements in soils attached to spades by different sampling methods

JLHR Tl 2 e Bt ¢ JN3 ~JN10 Jiit
B gt BUME P FRMEZE BORMD BoME P ke MRS moor moME T R
(g/kg) (ghkg) (gkg) (gkg) (ghkg)  (ghkg)  (g/kg) (g/kg) O (gkg)  (gke)  (gke)  (gke)
Si0, 493.1 339.1 4217  55.4 6589 3438 4792 96.3 0.025" 5539  356.8  476.4 55.1
ALO; 923 617 727 9.6 129.1 59.8 87.3 24.4 0.100 1260 613 76.7 227
K 219 154 1838 22 31.9 163 221 5.6 0.070 2623 13.8 19.5 4.1
Ca 775 207 497 24.4 131.0 11.8 65.2 38.7 0.166  103.1 22.0 61.3 34.3
Fe 569 375  46.1 7.3 79.4 30.0 55.9 16.6 0.118  82.4 31.5 49.4 17.2
Ti 5202 4031 4482 0407 5141 3754  4.421 0.414  0.668  4.855 3541 4238  0.439
Cu  0.070 0.035 0049 0012 009 0018  0.055 0.024 0455 0126 0041  0.071  0.030
Zn  0.167 0078 0127  0.031 0251  0.065  0.147 0.059 0236 0210 0075 0.148  0.047
Pb 0053 0.023 0037 0011 0066 0024  0.047 0.015 0.023  0.063 0024 0042 0014

e T AR S TN ~ INT0,  FIr A3 B A G 34000 02 9 TN3 ~ IN10, A T3 6 2 INT ~ IN10 AYSe 115k
P o *FIR IR — TG E PR EURE ik () 22 5735 P<0.05 KV, THEF,
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FIERIKPN & A9 L3 SO, I ALOs KX & 530
479.2 F1 87.3 g/kg; K. Ca, Fe V& mailh 22.1,
65.2 1 55.9 g/kg; Cu. Zn, Pb 35 543514 0.055 .
0.147 F1 0.047 g/kg(F 4). ik BFPEURE 72 9 Fh
+HEOUE XRF B TR ¢ A5, TRl AR ek
MWER Si0, SR ERBE, HIMWTEAFEER L
FE. WUEEER SO, SR AL EME N
2.8 g/kg, TRIEEMER S0, &5 A2 E N
54.7 g/kg. R, <&@l BE AR TR AE R 2 b
FEMA BT E R RS2 R, SRR
UE T A7 & AR O
2.2.3 QIR b A A A TR BURE vk 5 S He
TS B 19 14 Sio, F1 ALO; P
SR 409.4 1 66.1 g/kg; K. Ca, Fe FH &

39K 18.1, 83.7 F137.8 g/kg; Cu. Zn., Pb Eiy&
391 0.042., 0.090 F1 0.031 g/kg(F 5). MvEES
P LIRS A L3 Sio, Ml ALO; FH & &0 5h
425.0 F1170.6 g/kg; K. Ca, Fe F-H& 0510 18.6,
83.7 1 38.3 g/kg; Cu. Zn. Pb FH&E20 51K 0.044
0.095 F1 0.030 g/kg XX B AP HURE 774G 9 Fh - 46T
F XRF e o ¢ Kzg, R R e i e 1)
ALO; FEZER B, HAMITR A2 W
(# 5)o N S WTLIE H, PIFPERE 700 2 1 ALO;
RRAE . R/MERCEE S RLEXZ RN 3.0 ~
4.5 g/kg, FXFZFHN 3.4% ~6.6%. HItt, XFRIEL
FE M g R E A K, (H 3 BB T2 5
2 R R B AR S AR N, Xt i — 2B BB P R
Do R R R R BN

x5 TRBEAZERMELIHEIETRSESIT

Table 5 Content statistics of main elements in soils attached to soles by different sampling methods

TEE Y Tl vk FOXT A5

kM Rt P41t bl Rkl $e/ME T A REE

(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
SiO, 489.2 357.3 409.4 46.3 519.4 366.1 425.0 54.2 0.075
AlLO; 86.2 52.2 66.1 11.6 89.2 55.5 70.6 12.3 0.017"
K 23.7 13.0 18.1 4.1 23.4 13.4 18.6 3.9 0.189
Ca 122.6 59.5 83.7 22.1 122.0 434 83.7 28.7 0.996
Fe 44.9 31.5 37.8 4.7 458 32.6 38.3 4.6 0.567
Ti 4.164 3.201 3.836 0.267 4.643 3.114 3.823 0.457 0.925
Cu 0.057 0.024 0.042 0.009 0.064 0.022 0.044 0.014 0.403
Zn 0.109 0.072 0.090 0.012 0.116 0.067 0.095 0.016 0.269
Pb 0.044 0.023 0.031 0.006 0.036 0.022 0.030 0.004 0.323

2.3 Etis 66.1 1 50.2 g/kg; Cu. Zn. Pb F-3 & 543514 0.080

XFINT ~ IN10 3X 10 /M5 4/ XRF Ba 174
REGETH AT, 14 Si0, FI ALO; V38 0
471.4 F1172.9 g/kg; K. Ca, Fe V&% 4 18.9,

0.174 11 0.877 g/kg(F 6). JFHAEMICR S RHNER
ZE(CVINT 0.09 ~2.79, R4S 5 22 50H 1953 0
2 Cv<0.1 B, FROMESAESME, CVEAT0.1~0.3

x6 HMIRRIBMEETRSEMAMLEIT

Table 6 Descriptive statistics of main elements in soils

TLER RAE (g/ke) Ie/MHE (g/ke) FHIE (g/ke) PriiZE (g/kg) AR
Si0, 553.9 356.8 4714 53.1 0.11
ALLO; 126.0 52.5 72.9 20.5 0.28

K 26.3 13.8 18.9 3.6 0.19
Ca 110.9 22.0 66.1 323 0.49
Fe 82.4 315 50.2 16.1 0.32
Ti 4.855 3.541 4238 0.375 0.09
Cu 0.151 0.041 0.080 0.034 0.43
Zn 0.404 0.074 0.174 0.086 0.49
Pb 8.208 0.024 0.877 2.444 2.79

http://soils.issas.ac.cn



513 ISR

TR BEVIUEA [ B 1 b S IBURE T 12 B IR A 7R E 5 169

NP AEAR R, CV> 0.3 RBRAR SR AT UL B,
Ti B57ER, XEMT Ti ASTBEY, Rk
JEME o Si0, . ALO; Fll K JEH SR 4%, Si0,. ALO;
RN CEET, MR EER . Ca. Fe. Cu,
Zn. Pb R B, JUHUR Pb MR S REUROK,
279, XU 10 DNEIARFES M E SR ITR S
ZRER, RHIE Pb. EAEJESEIELFEZ TR
FAE SR R T AR TG SRR, AR SRR, AR TE
ST APY, AR FEAE SN E SRR SR
SRS REES AR RFETBE S HZ AN
Wl TP A

FERL INT R4 Pb 958k 8.208 g/kg, JEH:
ThRE S SR 36 /% ~ 342 15 (K 2). 1% 5 E T DU

600 -
% 500
)
= 400+
i
<1 300}
R
R 200F
i)
K 100}
0
03¢ OCu B Zn
1;‘5 a
3 04} ?
203l 7
. ¥
I %
B 02f e b
N g %
5 o1f % ' .
O ﬁ ,’:
0.0 % 1. 64| B Al
JN1 JN2 JN3 JN4 JN5 JN6 IN7 IN8 JN9 INIO

FEA,

AEIRAM RIS T8, 32 25 NG S A K, 1
B4 Pb {5 4L RAE o FE S IN2 JE 4% Zn F1 Pb 5
J350h 0.404 F1 0.224 g/kg, T HABAEL, %A 07
TAEE/NX TR S -, 2% Zn A1 Pb &
R YE . BRSNS A Ca & 3w T IAh
BES, JE AR S ME R 3.09 £i5, IN3 (T4 H,
Z It AR A A AR A A B RE I o TN4 ~ IN10 FE 55 8
THOTR G EEON 8 AT, AR LS Z BN
FEMESEGY, KHARRS RS EbE T A%
4, IN4 ~ IN1O A 5 AR T/INal . T/
AR/ L, {H i TR AT, HHORIEA,
WA ZRESEWTGY, LR el FHit,
XRF 70 4820 Hr il LS e+ e I i B84 L .

OK ®Ca BFe @ Si0, O ALO,

@ Ti mPb

a a
a a a a
a

PbICER i (g/kg)

a
"

/
b b Flb b Kb b fb o [do

0
JNI JN2 JN3 JN4 IN5 JN6 IN7 IN8 IN9 INIO
FER,

Ti.

(B AR [ 5 B3R 7 ) — JE 3 ) A 8] 22 57 3K P<0.05 W25 /KF)
2 FEEInREE

Fig. 2 Element contents of original soils
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Table 7 Extracted components by principal component analysis

¥ fl 2 f3

Si0, 0.309 —0.406 0.089

ALO; 0.426 -0.059 —0.126
K 0.424 -0.129 -0.097
Ca 0.086 0.658 —0.061
Fe 0.450 0.123 —0.072
Ti 0.137 0.526 0.013
Cu 0.395 0.236 0.154
Zn 0.398 0.182 0.141
Pb -0.014 0.010 0.956

(f1. f2. £3 £ XRF FARH 3 D F s, TR)
B3 BEXERHSSE

Fig. 3 Principal component analysis of original soils
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Fig. 4 Principal component analysis of soils attached to glove and
original soils
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Fig. 5 Principal component analysis of soils attached to spade by
drip washing and original soils
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Fig. 6 Principal component analysis of soils attached to sole by
brushing and original soils
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Table 8 Euclidean distance analysis of principal component data of shoe sole soils by dry brushing method

FE S i S K FGHE B

JN1 N2 IN3 JN4 IN5 JN6 IN7 JNS JN9 JN10
X1-1 4.5 2.6 2.1 23 0.4" 1.9 1.1 3.2 22 11"
X2-1 4.9 3.0 33 3.5 1.6" 3.2 2.4 4.1 3.1 1.5
X3-1 4.6 2.6 2.9 3.1 1.2" 2.7 1.9 3.5 2.5 1.0°
X4-1 4.4 2.6 1.5 1.8 0.6" 1.2 0.4" 2.9 1.8 1.4
X5-1 4.5 2.6 2.5 2.7 0.8" 23 1.5 3.4 2.4 1.0°
X6-1b 45 2.7 1.2 1.4 1.2 0.6" 0.4" 2.6 1.6 1.9
X6-1z 45 2.7 1.3 1.5 1.0 0.8" 0.3" 2.7 1.7 1.7
X6-1d 4.5 3.0 1.4 1.6 0.4" 1.3 0.6" 3.3 2.2 1.6
X7-1 4.6 3.1 2.3 2.5 0.7" 2.3 1.5 3.8 2.8 1.4"

T R BB RIT A 2 DRAERL
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