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NexION 300X 7 At & 48 & % & F fk i X (% H
PerkinElmer 23 ) ; Milli-RIOS 30 % iy # # 2 K X (3 H
Millipore A ®]) 3 HXN-1 %13 21 &b £k 18 5 T 4 45 G770 1 )%
T %2 X HLAR AL 7% ) 15 A PR S B) 5 EH35 MU fal 748 50 8 L Bl
CGEMZERA A F); XP205DR B K E (45 #-36 fl £
(METTLER TOLEDO 4% 7)),

FHHE W *T ICP-MS (9 TAES 847 A % L fk . A0S
RUE . AALY . B 4 R AR A TR A s B i AR
ar LAESE My BPAR A 1 200 W, i 1.OL -
min ', HBIRWME 1.0 L e min™ ', SFE ARSI 16.0 L -
min~ ', FHE T B, AU BtIR] 0.5 s, REEVREE 7 mm,
T B I 20 1+ min ',

1.2 #H#HEiAF

AR (R i o LA SR 0 TR RO R ST R 4, SR AR
TEEE . P W, . BT S M Y R R 2L 45 e AHER .
ARMMB N RRLLE, A HR A TN ZXRREG T
WA £ T CEL & SR BT B 28 1 20 FhoC %, 10 mg « L71),
LT IR B AR WA B s N B T R AR HE A A Lis Sc.
Ge, In, Bi, Tb, Rh, 10pg* mL ', HE A A48 KB TH
B BT G s JAIE W Be, Ces Fe, In, Li, Mg, Pb, U, 1
pg+ L', EH PerkinElmer /23 A,

HERR PRI 0. 05 g A ] 0. 000 1 @) Fl H FAE & ok oK T

RVUI LT S0 . AR D oK R . A 2 mL A R
M2 mL EHBR, N XNERE, BT 190 CHY1E E A4S
A8 hy RJE I BRI FEEREIE T, HaBnA 2
mL R 2 mL AR . BIREREET, RFEMA 2 mL
AEFR AT 2 mL 2098 . 5 B B % 0. A BEAE o R 12
~24 h, BOH, FERHAR RHRERFIET . FIERRH, ¥
HAA 100 mL AR 2% RER, .
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FI A SPSS 23. 0 B A4 % B8 HE 47T 2% F M. R4y
Hr . Fisher 50 4347 #1 32 & 43 43 #7» Origin Pro 2016 {4 H
FEE . 7 Fisher 3 5 F1 PLS-DA 4> #7 th, Bé#L3E B 40 A4
FEARAE N RAE , gy TOMALRY s ARG 15 S FEARLE N B TE
e+ T FH AR 500 X JUT S A AR ) o f B AR AT AT

2 HERSHE
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K ICP-MS % 4 4~7= b 45 £ F1 H T AR Sk A7 . 15
F 20 FhOCE MG R GE D O T MR [ 08U BT RE S oG
FALRA 25, Tk 5 MO OC 1 J0 8 bR . X AS [R] Hh XA
M 20 oo & BT H 0 2001, 85 R (kD E
B . Al, Fe, Ti, Co, Ni, Cu, Sr, Ba, B, As, V, Pb, La,
Y, Sc, Nd, Sm fil Eu 8570 % & 5 76 A [ 7= i fl B o) 22 5=
B (p<0.05) ., ULHA T LLAI A £ 50 % g 57 1 H K 38Ok IR
8 40 590 43 BT A AR

F1 TEMRMBAENTESEZ(mg kg'')

Table 1 Element content of Hetian jade in different regions (mg « kg™')

TR L] 2 T i
As 0.723+0.034 0 1.16740. 031 0 1.24740.015 0 0.63740.042 5
Ba 1.21740. 005 3.74340. 066 4.00440.004 4 1. 66440. 006 2
Bi 0.003+0. 000 1 0.00540. 001 0.00840. 001 0 0.00440.001 0
Ca 109. 749+1. 55 108.568+1. 59 154.1724-0. 644 8 159.61341.538 6
Sr 6.24140.003 9 7.9424+0.002 1 3.52540. 000 3 2.42740.002 4
Co 1.102£0. 009 2.22340.007 12.72540. 053 4.92640.002 5
Cr 1.910£0. 18 5.35540. 18 15.22042. 05 24.7334+2.19
Cu 0.54040. 021 1.464+£0.013 1.11940. 02 0.59140. 003
Fe 356.935+£12.76 761.684+21.56 747.086+12. 87 547.009+56. 32
Zn 4.09040. 40 9.06140. 06 5.89340. 12 2.11440. 005
K 33.65847.12 23.585+12.78 59.053+8. 31 54.446410. 75
Li 8.44140.8 8.00040. 06 7.76040.03 7.63940.12
Se 0.028+0. 005 0.044+0. 005 0.035£0.01 0.02040. 004
Mg 276.183+15. 86 275.618+£19. 54 274.179+£23.57 275.171£21. 87
Mn 27.83542.85 62.47841. 88 105.907+17. 54 54.51545. 31
Na 183.031413. 65 350. 278 +15. 87 492.043+18. 26 493.187+21.94
Ni 3.02840.013 6.92940. 11 26.867+1.83 19. 835+ 1. 28
\% 0.36040. 005 0.48640. 6 2.13740.18 1.049+0.03
Pb 1. 144+0. 002 2.563+1.05 1.582+1.02 0.65440.18

Sc

0.03440. 004

0.06140.002

0.11640. 003

0.23340.013
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X FIE B As, Co F i 3% & T Haba 0
B, HiE, FrmSEH XA E EAE R Na &5 B #E S T
B M X5 i X A & F Na, K, Ca, Sc fl VLR & &
HHAMXZEREE, Hf, Na, K, CaHIVEEREST
HoAtAE By, W Se i B FAR T HALE 0 7 X A E E P
Fe, Mn I Ni (198 & T HAAE 05 W 0, AS[E ™ XAH X
2T R H A H A A BRHE .

WX ANFE A EH AR Z RS ESET TR
A4, AR =H Na, Al, K, Ca, Sc il VETE S BIE
R B A AR B 22 5 (p<C0. 05),

2.2 AEMRIMBEFERFEMITEELD SN

PCA 5 2 4705 1 18 3o 48 M 72 4 DL 3k o 0 > J A%
B — M £ 0% it 4 7 & ¥ (multivariate  analysis,
MVAYTT, PCA TE44 8 R tn EEE BRI T, B2 TR
P A5 B TR AT 20 1 B B 4 TN R 4, o I 4 i 1) i R AT 4R
325, dwJEAE PCA (s B b 7R B Rl 22 1) 19 4 4 5 i 22
5o PCICHE 1 ER4) M PC2CEE 2 RS & T A PCA %%
b3 2 PCL #1 PC2 (Y STMRAS . STMRAMOC, B0 32 2

=

Lif
i

43 (PAs) AT LLBAT 3t 5 B ok 2 48 A 15 BT

TS TE P R R b 20 Fhoe 2B KRS BUE
A5 N DRE RS s T RS R G T 43 18] Y 40 A3 4 0 DL S R [
Hi DR ERE S PR RRAE TR . AT 4 A7 45 AR R RE
20 FROGE ST AT, BRI 2. EEEAEE R
F1IMRA N ERD. B35 ANFERD, REAEEKT
98.189%, H, 1 M. 52 FMMUET 72. 5351
AR, 553 M. A FMAET 200335 AR R, Al
T 20 FOCEET 5 A F LS STERE WL 3. FEER 1 F AL
#1, Y, Ce, Tb., Tm, La, Lu, Gd, Yb #1 Dy Z# + G £ 4
BB /25 2 £, Co, Cu, Zn, K, Li, Mg Hl
Mn %0 E A B BN 7256 3 F A, As, Ba, Fe,
Ni, V, Sr fl Cr S0 E AR R M 7055 4 B,
Na fil Sc FICE A K@ WBME. 77 4 T ERSIEE T FRE
BT 251 92. 86 %0 I TTRR 2R, 7T 78 43 3 3 5 e I 4 B0 15
BHEM. FHERST. CoSFITRA RS MR H, $al
AR [a) b DR A A P B RRIEJCE Oy Ca, Co, Fe, Rb,
Zn, Mg, Cu, Cd, Ba, Sm #il Sc %0 % .
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Table 2 Principal component analysis results of 20 element contents

o B IR A P WA J5 JHE A A - 5 A
Mt FREESE BB/ % 5878 IEESL BB/ % At IEESL BB/N%
1 17. 740 49. 278 49. 278 17. 740 49. 278 49. 278 14.599 40. 553 40. 553
2 8.371 23.253 72.530 8. 371 23.253 72.530 7.482 20. 783 61. 336
3 4. 881 13.559 86. 089 4. 881 13.559 86. 089 6. 488 18. 023 79.359
4 2.438 6. 774 92.863 2.438 6. 774 92.863 4. 144 11.510 90. 869
5 1. 917 5.326 98. 189 1.917 5.326 98. 189 2.635 7.320 98. 189
6 0.568 1.578 99. 767
7 0.084 0.233 100. 000
8 0.001 733 0. 004 814 100. 000
9 0.001 145 0. 003 182 100. 000
10 0.009 368 0. 002 602 100. 000
11 0. 007 976 0.002 215 100. 000
12 0. 006 679 0. 001 855 100. 000
13 0.005 522 0.001 534 100. 000
14 0.004 617 0. 001 282 100. 000
15 0.003 399 0. 009 440 100. 000
16 0.002 583 0.007 174 100. 000
17 0.002 430 0. 006 750 100. 000
18 0. 001 881 0. 005 225 100. 000
19 0. 001 480 0.004 111 100. 000
20 0.001 368 0. 003 800 100. 000
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2 51 3 A (LDAD J& — Bl ML 04 468 20 1] A A i
Ry, 2 WO T Gt o M. S L KB 2% 7 )
. FEEFRBI AR X R Y Z ML R .
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T3 25 S5 R IS 408 R A 25 ) A i) H B . 5% 5 PR TE R SR
ASTE T 123 [0 A B R 2 18] B g Al e /D IO SR N, RS
— 7 ¥ B 3 70 P DU SR e A A o IS (R ) 22 S 4 T e /I AR i

KM zE S, RSB IE S W P A R B, B
S0 530 23 A 4 A 6 I R 2 T 56 I o AR A 2R AT Il
o DLIGUE A B Rk R o 32 3¢ LI UE R 1R A AR AT A A IR G
TIE I B R A TR B, ) ) 2 SR A T A B R

SR X 20 A AR G E AT SRS UE AN AE BLAGE, H K
PRI 4. DORFE =R H LA SR oR S 2 LDA
ST 4L, LDA 153 H R [R) 7= R T 7 8 4 56 3E ) 1 2% 43
Bk 1002 A1 100% . 22 T3 E A 3] 2R 4 Bk 100% A
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Table 3 Principal component contribution

values of 20 element indicators

PC1 PC2 PC3 PC4 PC5
As 0.401 —0.094 0.777 —0.373 0.291
Ba 0.185 0.577 0.595 —0.229 0. 465
Bi 0. 656 0.553 0.168 0.028 —0.478
Ca 0.116 —0. 855 0.473 —0.060 —0.001
Cd 0.302 —0. 557 0.723 0.175 0. 034
Ce 0.752 0.390 —0.129 0.447 —0.128
Co 0.243 0. 757 0. 455 0.089 —0.387
Cr —0.778 0. 368 0. 482 0. 106 0.114
Cu 0.520 0.576 0. 339 —0.121 0.513
Fe —0.718 0.453 0. 506 0. 062 0. 141
/n 0.589 0.776 0.075 —0.122 —0.144
K 0. 368 0. 889 0.043 0. 186 0.167
Li —0.278 0.495 —0.696 —0.333 0.020
Mg —0.676 0.444 —0.495 —0.023 0.291
Mn —0.008 0.943 0. 320 0.055 —0.042
Na —0.077 —0. 248 0. 205 0.768 0. 252
Ni —0.762 0. 396 0.478 0. 146 0.074
\Y% —0.714 0. 466 0. 483 0.167 0. 089
Pb 0. 696 0.516 0.196 —0.010 —0.453
Sc —0. 385 —0.220 0.039 0. 883 0.077
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Identification of Different Origins of Hetian Jade Based on Statistical
Methods of Multi-Element Content

ZHOU An-li*, JIANG Jin-hua', SUN Chun-xiao*, XU Xin—zhong?, LU Xin-ming'*?"
1. College of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832003, China
2. Alashankou Customs Technology Center, Alashankou 833418, China

Abstract Due to different mineralization environments, Hetian jade in different regions has its own elemental fingerprint charac-
teristics. Elemental fingerprint analysis technology has the advantages of fast analysis speed, low analysis cost and high discrimi-
nant rate. It is one of the most effective methods for identification of origin to combine element fingerprint analysis and various
statistical methods. However, multi-element fingerprint analysis technology has been widely used in the traceability research of
various crops. It has not been used in the geographical origin of Hetian jade. The identification of Hetian jade origin, which has
important significance for the identification and traceability of origin. Therefore, the objective of this study is to establish a
model for geographical origin discrimination according to multi-element contents. The contents of 20 elements were determined
by using inductively coupled plasma mass spectrometry ( ICP-MS) for 45 samples of Hetian jade from four producing areas of
different regions. One-way ANOVA, principal component analysis (PCA) and linear discriminant analysis (LDA) were
employed in the data analysis to screen out the significant elements. And then Fisher linear discrimination analysis was used to
determine the origin of Hetian jade, and the discrimination models were developed. One-way ANOVA showed that the
composition of elements in different origin Hetian jade samples was consistent with the expected significantly different (p<<
0.05). The results showed that the main trace elements in Hetian jade were Fe, Zn. Cu and Ni, and heavy metals (Pb, Cd and
As) were lower. The discrimination models were developed by the discrimination analysis of the whole model method with six
significant elements identified by PCA and LDA,and 100% correct classification, and 95.5% cross-validation was achieved by
the models. The results show that Zn, K, Mg, Na, Ca, Mn can be used as multi-element traceability indicators for traceability
in different regions. From the content of various elements in Hetian jade, Different origins and jade can be identified by principal
component analysis (PCA) and linear discriminant analysis (LDA). It is a promising approach to classify the geographical origin
of Hetian jade based on multi-element fingerprints analysis combined with multivariate statistical analysis. The discrimination

models are good enough to be applied in the origin traceability of Hetian jade.

Keywords Hetian jade; Multi-element fingerprint; Origin; Discriminant analysis; Inductively coupled plasma mass spectrome-

try
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