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IR LA BB SR IRSE R R, AR B I T IR A T A, REEARIES B . AR &M TR L, IFxd
FARFERTA AR (FE) . &8I FIRIIE (R M - XA Y50 MR T T RIAUK SR e R 7 ik ik
TTEURE, SRS X GTERIO G (XRF)INE R o 25 RH, BURE IR A S A IS 2 IR e R T R e
R, DT RIERAEE S EPEE; RIS R T Rk R HOTE A R BT, & R
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FEHES: S151.9 XHARERD: A

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

Forensic Evidence

HAO Rui?, YANG Jinling*?*, ZHANG Ganlin!23, 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 (gl oves),
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

OFATH v ERE R T E T H (KGFZD-135-19-10-1) ¥ Bl
* @ IHAES (jlyang@issas.ac.cn)
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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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Fig. 1  Simulated route and sampling sites
1 ARHERER
Table 1 Information of experimental samples
FE i FERfL B AR
IN1 DUREAE RS M 2 32°2'38.71"N, 118°47'50.26"E
IN2 TTEAE /NI E A D i 32°229.4"N, 118°48'38.51"E
IN3 A< H 3 A 32°1'17.32"N, 118°55'3.23"E
IN4 BT 50 m kb 32°1'51.57"N, 118°55'48.72"E
IN5 BT RIMTHE5Sm & 32°1'49.42"N, 11855'48.56"E
ING Wi, B 5 m ik 32°3'0.01"N, 118°56'18.3"E
IN7 Wi, B 10 m 4b 32°3'0.46"N, 118°56'18.32"E
JN8 T IR LT 32°3'18"N, 118°58'4.69"E
JN9 E Tl 32°3'18.18"N, 118°58'4.62"E
IN10 IR 32°3'18.042"N, 118°58'5.17"E

*2 HREEIHR

Table 2 Sampling points of shoe sole

RS Zoad s,
X1, X2, X3 IN1 ~ IN10
X4 INL ~ IN7
X5 (IN1 ~ IN3)+(IN6 ~ IN10)
X6 INL ~ IN5
X7 (IN1 ~ IN3)+(INS ~ IN10)

X2 F1 X3 1 3 RUEEF- 20 T A RAE A il X4 1)
BT ARGHFE T FRiCH X5 BT ARZ T I
I Arig ol X6 MEEF R A1l Fridh
X7 (e R gt T it .

IN3 ~ IN10 Ay 5ARE s A TR0k (4 I 5 )

RSAIBORE o BB B SE Y, NSRRI . F A
SUBLAL 2 FEAJARK, [R50 A1 2 F R AR A A
IN3 ~ IN10 RRANRE SRS e, k18 FUBREH

T IR A SRAE R AR JRUIR 3 i, SR T
SRR, SR A RTEMAEL . VS LLBCR ),
ff AR RCREERZ 0~ 2 om A9 HIERES, 28 A
F 38y ] S5 2 1 S JEL a6 X B A L AR B ADL AL
KAE 10 MEHA B RS L 16 BRI TFE | 7 XU
BEF LA 18 FEBLLL AR
1.3 #Hmarsi2

W R A A A RE B TR (FH T B X 8 BURE 55
R ZE B mGE KU B o B INL ~ IN2 K
WX B TETSCHE R AL, it 10 B Jei,
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U5 g SIS 100 HJE e, FEas IN3 ~
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FHARM R, of 10 HIEeifi; W 20 g FHIS B AR p
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IKPE : BEHR]— A AL ) A — R T, ¥
LA R TR, dE 16 H, i A &
EETK, AL LIRS 20 min, KBRFE, Kk
MrIRA AR B A B LE T, RJE1EL 4 000
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EAE, WA BRI FEKERE R, A6 FE
YRR B RN E , 455k F & W3,
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2.2 AEIEUEE A ENE SR 3T

221 ETLE S BRGS0 AN [ BORE i 4 5 e
FhlEAFR) FEMEE 1458 Sio, Al ALOs 35

14391k 501.7 1 90.6 g/kg; K. Ca. Fe F-¥& 435

k222, 66.1 F156.5g/kg; Cu. Zn. Pb V35405

47 0.080, 0.163 #i1 0.046 g/kg(F 3). /KikAS 2] FERM

o/kg; K.Ca.Fe V3455302 23.1.71.6 1 59.1 g/kg;
Cu.Zn Pb-F- 5 2435124 0,086 ,0.243 10.047 g/kg(#
3)o T IX PFPHRE Iy k1Y 9 FhH1ET R XRF £l
BEATHCXS t S, 265 WEPEY T 0.05(3 3), £
ANRIBURE T AR T RS XRF UE TR S
AN 25 S TR SRR 5 i T 4 St
E /AN R e A Ty R A

E I IE SiO. F1 ALOs 34 &4yl 571.5 F11 85.5

*®3 FEBRELEFEMELIHIELRSES

Table 3 Content statistics of main elements in soils attached to gloves by different sampling methods

JLE T hil vk KBk X t JIN4 ~ IN10 J5 +
R gl ROME P R BOKE RUME TS fek2 BER mocm muME THIE gz
(o/kg) (9rkg) (g/kg)  (atkg)  (atkg)  (g/kg)  (g/ko) (9/kg) HE o (gkg)  (gkg)  (gkke)  (g/kg)
Si0, 6349 3580 501.7 826 6602 4333 5715 80.1 0.054 5539 3568  475.0 59.4
ALO; 1287 664 906 21.0 1322 378 85.5 32.7 0642 1260 613 78.8 23.6
K 309 172 222 4.5 31.4 17.8 23.1 5.2 0689  26.3 13.8 19.8 4.3
Ca 116.6 33.0 66.1 345 1295 22.6 71.6 45.9 0.859 103.1 22.9 66.9 32.8
Fe 83.7 37.2 56.5 15.3 93.4 37.7 59.1 19.1 0.676 82.4 315 50.9 18.0
Ti 4305 381 4098 0167 5014 3506  4.331 0.490  0.137 4855 3541  4.238  0.439
Cu 0124 0047 0080 0079 0159 0.050  0.086 0.040 0334 0126 0041 0072  0.032
Zn 0222 0106 0163 0041 0524 0142  0.243 0136  0.17 0210 0.075 0157  0.042
Pb 0065 0034 0046 0012 0075 0031  0.047 0.016 0524 0.063 0024 0043  0.015

e T FEMNE SN ING ~ INL10, AT A BLUF 4 R GE 80 8 IN4 ~ IN10, RT3 6 2 INL ~ IN10 AI4E 4 .

oK B B S T g il . Rk, X AR 4E2ERt & )

) - IEBURE AR Se A7 TR E

2.2.2  AJEN 5 A [ ORE a5 3 Lt
TRl AT BB KB 5 1) 14 Si0, Al AlOs -4

S 421.7 f172.7 g/kg; K. Ca, Fe P& &

43k 18.8. 49.7 11 46.1 g/kg; Cu. Zn. Pb -3y

H050°0 0.049., 0.127 F1 0.037 g/kg(F 4). ks

TRl KBRS R AR OT R g R
PR B, T RE S I B 5o a0 o KBRS R
i Ca HHEVEHIN 22.6 ~ 129.5 g/kg, 55 + 25 745
Ko AIUL, IRV R 8 23 52 M 7K A 1 8 D0 45 SR 1Y)
Rt o BRI FK P X 41 4k 2 6 1) - 338 L
FEE 25 R 22 5, (HMEUR R e R,
TR TR o INEREE AR L IRk, TRl

T4 TEBESESHMMELEETEAZSES

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

JLE Tl iRV RN X} t JN3 ~ IN10 i+
X mocf BoME T 2 ROl BME TBE bz BER moom BOME T b
(okg) (gkg) (gkg) (gkg) (gkg) (akg)  (akka)  (gkg)  ATE (gkg)  (gkka)  (grkg)  (glkg)
Si0, 4931 339.1 421.7 55.4 658.9 343.8 479.2 96.3 0.025" 553.9 356.8 476.4 55.1
Al,O3 92.3 61.7 72.7 9.6 129.1 59.8 87.3 24.4 0.100 126.0 61.3 76.7 22.7
K 21.9 15.4 18.8 2.2 31.9 16.3 22.1 5.6 0.070 26.3 13.8 19.5 4.1
Ca 775 20.7 49.7 24.4 131.0 11.8 65.2 38.7 0.166 103.1 22.0 61.3 34.3
Fe 56.9 37.5 46.1 7.3 79.4 30.0 55.9 16.6 0.118 82.4 315 49.4 17.2
Ti 5.202 4.031 4.482 0.407 5.141 3.754 4,421 0.414 0.668 4.855 3.541 4.238 0.439
Cu 0.070 0.035 0.049 0.012 0.090 0.018 0.055 0.024 0.455 0.126 0.041 0.071 0.030
Zn 0.167 0.078 0.127 0.031 0.251 0.065 0.147 0.059 0.236 0.210 0.075 0.148 0.047
Pb 0.053 0.023 0.037 0.011 0.066 0.024 0.047 0.015 0.023 0.063 0.024 0.042 0.014

W TR A L 70 INS ~ INL0, Tk B 4= e T sS4k IN3 ~ IN10, R[R T3 6 2 INL ~ IN10 fY4eit4K
Wi o *Fon [l — U R B FPEURE ik 25 73k P<0.05 K, FRF,
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FERAKI 1) LR SiO, A1 ALOs 4475 15 73531 oy
479.2 711 87.3 g/kg; K. Ca, Fe FH&H051 4 22.1,
65.2 1 55.9 g/kg; Cu. Zn. Pb 3F-345 443 h 0.055 .,
0.147 1 0.047 g/kg(F= 4)o X iX PHFRIRCEE J7 7211 9 Fb
+HETE XRF BARSHATEO ¢ K5, TR e
MER SIO, TR, HMTTR A LR
FE . TEIRIENER SIO, FE SR A 2EE N
2.8 g/kg, TRIZEDE K SiO, &8 5 E HAH L 24 1H N
54.7 glkg. R, < e il i B A TR AT R 2 A
T T RN E S R R, 5
B, TEUEERCR AT
2.2.3 R it B A 00 AN TR BORE i 5 5 e et
Tl A3 B B 1Y -3 SiO, A1 Al O3 “F-1y
S9N 409.4 F1166.1 g/kg; K. Ca. Fe Fiy& &

439 18.1, 83.7 1 37.8 g/kg; Cu. Zn. Pb - Fi&
B2 0.042., 0.090 A1 0.031 g/kg(F% 5). VLS
FIEE NG 1 R SiO2 Al ALOs V348 1 43 5l Ky
425.0 i1 70.6 g/kg; K. Ca. Fe F¥&&E751H 18.6,
83.7 F1 38.3 g/kg; Cu. Zn. Pb “E-Xg 54433k 0.044
0.095 Fi1 0.030 g/kg o X 3 W A HURE 775 1 9 Fh 14T
F XRF FH#EA 7RO ¢ A, TR A e 1 D Y
AlOs 2R3, HAMITEAFIEES WEE
(F 5)c R 5 TTLIE Y, PIFPHURE 7 50 22 1) AlOs
e KAE . e/MEFEE S R4t 2 5% 0 3.0 ~
4.5 glkg, HIXF2EFEN 3.4% ~ 6.6%. KL, X PiFREL
BEDT I e 25 R 22 AN K, (0 38 L S R 25 S Y
2 PR R B AR S AR N, X i — 2B B P R
PR B EIR 22 8N

%5 FREBMAAEENELHIBT RS R

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

TEH % Tk W i 6 A 30
R /M FH1H bR R B/ M T b REME
(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
Al,O3 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 43.4 83.7 28.7 0.996
Fe 44.9 315 37.8 4.7 45.8 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 JELHFH 66.1 11 50.2 g/kg; Cu. Zn. Pb V-3 43 %k 0.080 .

X INL ~ JN10 X 10 N+ 19 XRF Fedia it 174
BG4, HI3E SiO, A1 ALOs & BN
471.4 F172.9 g/kg; K. Ca. Fe EH &4l 18.9.

0.174 F1 0.877 g/kg(F 6). I t+FEMITE S EMNAZ S
ZB(CV)ITF 0.09 ~ 2.79, HHE7E S R BUHE A7 9
Y CV<0.1 B, s, CVEAT 0.1~ 0.3

*6 MREXIREZAZRSEMAMRI

Table 6 Descriptive statistics of main elements in soils

PIVE L ES FRAA (g/kg) E/ME (9/kg) FHE (9/k) rife2z (glkg) AR5 AR
Si0, 553.9 356.8 4714 53.1 0.11
Al,0; 126.0 52.5 72.9 205 0.28

K 26.3 138 18.9 36 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 4.238 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
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R EEAR SR CV> 0.3 hysmAR R, W UE B,
Ti BFAES, XIEHT Ti AGTBR, RER e
JFhEE . Si02 . AlLOs Al K JEH 445 1, SiO2, AlO3
SRR BRI RS, Ca. Fe, Cu,
Zn, Pb ¥R AR S, JUHE Pb AR S R EUROK,
92,79, XYM 10 N EIA RS E S BT E & i
ZSER, NHJE Pb, EAEJE SR AT
AR S R T ARG sh i se i, A8 SR, AR T
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Fig. 2 Element contents of original soils
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Table 7 Extracted components by principal component analysis

H¥ f1 2 f3
Si0, 0.309 -0.406 0.089
Al,0; 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
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Fig. 3 Principal component analysis of 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

P W PRI

JN1 JN2 JN3 JN4 JN5 JNG6 IN7 JN8 JN9 JN10
X1-1 4.5 2.6 2.1 2.3 0.4 1.9 11 3.2 2.2 1.1
X2-1 4.9 3.0 3.3 35 16" 3.2 24 4.1 3.1 15"
X3-1 4.6 2.6 2.9 3.1 12" 2.7 1.9 3.5 25 1.0
X4-1 4.4 2.6 15 1.8 0.6" 1.2 0.4" 2.9 1.8 1.4
X5-1 4.5 2.6 25 2.7 0.8" 2.3 15 3.4 24 1.0
X6-1b 4.5 2.7 1.2 14 1.2 0.6 0.4" 2.6 1.6 1.9
X6-1z 4.5 2.7 1.3 15 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 I iy 2 D SRAE AL
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