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Geographical origin traceability of Yali in Hebei Province based on mineral
element analysis
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ABSTRACT: Objective To establish a geographical origin traceability model to trace the origin of Hebei Province
Yali based on inductively coupled plasma mass spectrometry (ICP-MS). Methods Forty kinds of mineral elements,
including Ag, As, Al, Au, Ba, Cr, Cd, Ce, Co, Cs, Dy, Er, Eu, Gd, Ge, Ho, Lu, Li, La, Mo, Ni, Nd, Pb, Pd, Pt, Pr, Rb,
Sc, Sn, Sb, Sm, Sr, Tm, T1, Tb, Ti, V, W, Yb and Y in Yali were analyzed. The variance analysis, correlation analysis,
cluster analysis and discriminant analysis were adopted to determine the differences of elements in Yali from different
areas, and the geographical origin traceability model was established based on the content of Ba, Ge, Ni, Pb, Pd and
Ti. Results The established model in this study could successfully discriminate the producing area of Yali, and the
discriminant accuracy reached 97%. Conclusion The traceability model based on mineral elements established in
this study can quickly and effectively trace the origin of Hebei Province Yali, which provides strong technical support
for the product anti-counterfeiting.
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Table 2 Pearson correlation coefficients between some elements in Yali from different producing areas

JLHR Ba Ge Ni Pb Pd Ti
Ag -0.170 -0.545" -0.294 -0.118 —0.168 -0.398"
As -0.136 —0.424" -0.525" —0.194 -0.335 -0.329
Al 0.698" 0.877" 0.770" 0.663" 0.619” 0.856"
Au 0.043 0.135 -0.295 —0.120 —0.096 0.116
Ba 1.000 0.658" 0.478" 0.524™ 0.824™ 0.802"
Cr -0.501" -0.670" -0.404" -0.530" -0.453" -0.552"
cd 0.334 0.632" 0.533" 0.421" 0.445%* 0.476"
Ce 0.712" 0.989" 0.609" 0.646™ 0.578" 0.880"
Co 0.190 0.478" 0516 0.190 0.366" 0.531"
Cs 0.173 0.123 0.251 -0.101 0.450" 0.242
Dy 0.757" 0.948™ 0.646" 0.661" 0.655™ 0.853"
Er 0.782" 0.908" 0.613" 0.627" 0.678" 0.861"
Eu 0.834™ 0.937" 0.559" 0.619” 0.657" 0.936"
Gd 0.683" 0.958" 0.542" 0.598" 0.567" 0.844™
Ge 0.658" 1.000 0.636™ 0.648" 0.558" 0.879"
Ho 0.800" 0.871" 0.625" 0.591" 0.765" 0.830"
Lu 0.612" 0.781" 0.299 03717 0.387" 0.782"
Li 0.200 0.357" —0.077 —0.004 0.192 0.270
La 0.715™ 0.986™ 0.573" 0.629" 0.566™ 0.898"
Mo 0.183 0.055 0.691" 0.030 0.274 0.206
Ni 0.478" 0.636™ 1.000 0.486™ 0.593" 0.614"
Nd 0.623" 0.848" 0.621" 0.547" 0.568" 0.720"
Pb 0.524™ 0.648" 0.486™ 1.000 0.389" 0.478"
Pd 0.824™ 0.558" 0.593" 0.389" 1.000 0.682"
Pt 0.479™ 0.686™ 0.808" 0.580" 0.512" 0.671"
Pr 0.694™ 0.988" 0.595" 0.621" 0.577" 0.879"
Rb 0.190 0.217 0.556" 0.014 0.438" 0.325
Sc -0.032 0.151 —0.467" -0.148 -0.161 0.076
Sn 0.304 0.472" 0.363" 0.597" 0.256 0.396"
Sb -0.536" -0.739™ —0.445" -0.574™ -0.493" -0.591"
Sm 0.719" 0.985" 0.587" 0.630" 0.583" 0.895™
Sr 0.798" 0.384" 0.397" 0.221 0.942" 0.582"
Tm 0.706" 0.559" 0.407" 0.372" 0.710" 0.652"
Tl 0.227 0.010 0.015 —0.142 0.422" 0.148
Tb 0.706" 0.969" 0.616" 0.607" 0.607"" 0.878"
Ti 0.802" 0.879" 0.614" 0.478" 0.682" 1.000
\% 0.331 0.399" 0.336 0.158 0.177 0.514"
w 0.485" 0.572" 0.428" 0.466" 0.395" 0.583"
Yb 0.806" 0.862" 0.543" 0.586" 0.644" 0.875"
Y 0.701" 0.981" 0.612" 0.657" 0.600"" 0.881"
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Fig.1 Cluster analysis diagram of Hebei Province Yali from
different areas
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[ s SB35 M0 2R, e 2 AE A =0h RO T
FIBIRE SRR o K A TS BUREA S A I 2R 45 Fni
WA, o 23 RN R I ZRAE A 3 W 550 31
BEH, 173 BIREARAE D RAEE &, T REz ) B B A
HUREAS AT M F BB B YRR BE . DL 40 B W1 oC 3R AR R 43
Mri6H%, R Fisher sREL. A8 NARL, RIGZEAHIAN LN
SRAE BN MRS BLREA A 77 ) 1), 255 I3 3.

12 3 AT, A RE D 0 50 53 A i LS bk T A 2
FUHATFE MK A, SEBE T = M A A, B0 IE A Sk 3
95.1%. R4 Fisher 5 RECREL, SRNHIBIA R H i 8
ARRER, 4R

Y 4u=0.018X,+178.856X,—3.040X5+9.519X,~111.494X;
+0.892X-373.800

Y 5i=0.329X,+107.589X,—1.894X5+9.532X,+38.155Xs
+0.528X—165.563

Y x=0.129X,—61.159X,+0.095X+9.662X,~35.304X s+
0.520X—64.306

Y i=0.057X—63.697X,+0.329X+8.918X,~29.893X s+
0.414X-70.025

Y wu=0.008X,-49.701X,-0.197X5+11.084X,~64.351 X5+
0.534X69.859
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Table 3 Results of Fisher discriminant function classification of Yali from different areas
_— UMLK D 5 B -
WME WM FE BN X [i] % in HEPS
B 20 0 0 0 0 0 0 0 20
M 0 20 0 0 0 0 0 0 20
FAE 0 0 20 0 0 0 0 0 20
R M 0 0 0 18 0 2 0 0 20
2820 0 0 0 0 13 0 1 0 14
[ik] ¢ 0 0 0 2 0 12 0 0 14
i 0 0 0 0 2 0 12 0 14
Wi HEES 0 0 0 0 0 0 0 20 20
! BE 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  100.0
M 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
FAE 0.0 0.0  100.0 00.0 0.0 0.0 0.0 200  100.0
5% M 0.0 0.0 0.0 90.0 0.0 10.0 0.0 0.0  100.0
o850 0.0 0.0 0.0 0.0 92.9 0.0 7.1 0.0 100.0
[i5] 22 0.0 0.0 0.0 14.3 0.0 85.7 0.0 0.0 100.0
T 0.0 0.0 0.0 0.0 143 0.0 85.7 0.0  100.0
HEBS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0
B 20 0 0 0 0 0 0 0 20
M 0 20 0 0 0 0 0 0 20
FE 0 0 20 0 0 0 0 0 20
R M 0 0 0 18 0 2 0 0 20
B 0 0 0 0 13 0 1 0 14
[ 42 0 0 0 3 0 11 0 0 14
T 0 0 0 0 3 0 11 0 14
LR 1k 0 0 0 0 0 0 0 20 20
B 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  100.0
M 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
FAE 0.0 0.0  100.0 00.0 0.0 0.0 0.0 200  100.0
H5120% M 0.0 0.0 0.0 90.0 0.0 10.0 0.0 0.0  100.0
i E 0.0 0.0 0.0 0.0 929 0.0 7.1 0.0  100.0
[i#] % 0.0 0.0 0.0 21.4 0.0 78.6 0.0 0.0  100.0
T 0.0 0.0 0.0 0.0 21.4 0.0 78.6 0.0  100.0
HEPS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0  100.0

L EXTRHR A HE B 95 1% MR T T IERR 202 2. A4 H B 1A 728 IRIE . 7RSI UEH, A1 2542 B TR 2 4]
PIAM ) A A 28 B IR A2 19 pR B 43285 3. X 28 SUISUE A L 22 09 93. 7% A b ifEA T IE A 4325 .

Y 152=0.291X,-91.321X,+0.589X;+8.889X,—129.963 X5+
0.441X¢—100.164

Y +=0.101X,-57.961X,—0.244X3+15.890X,~53.858Xs
+0.539X,-110.312

Y 15x=0.093X,—43.267X,-0.073X5+8.616X,~22.767Xs+
0.406X,—42.201

Ba. Ge. Ni. Pb. Pd. Ti 6 Fhoczik A _FiRpR%k.
ANEF= IS FLE &1 As. Cs. Sn, TI TR EER, KAk
APREL. T Ag il Au, PtOLR S AL 1 pgke, Hr=H

(2 AR, i Ag &t 5RE0h 1) Ge 20 8.3
A, Pt SRS B H Ge, Ni. Ti. Pb, Pd ¥l i
1IEAEE, KAE#E A RS AL, Cr. Rb, Cr, Rb. Sb. Co,
Mo, W, Cd. Li, Sn, V. Sc [H45 s&¥ i 2354
JCRMIE, A7 b A 22 AN A RES S AL, Sr &
B [ 2o M B A5 e oh, Hofh e st il 3 B G B 25 25 57, R AE
S5, Mk AR TR W E S Mot R B Bk
W i AR OCE, AT DAE — B R AR TR . ik
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Table 4 Discrimination results of Yali in Hebei Province based
on traceability discrimination model

B 10 10 0 100
B 10 10 0 100
VAR 10 10 0 100
HM 10 10 0 100
B E 6 6 0 100
l#] 22 6 5 1 83
iR 6 5 1 83
HEPS 10 10 0 100

3 FH5iie

AHFFEE X RAE B AL 8 AN L) 210 NS FLEE
AT IE R T, KBRS LA T S AR
P25 5%, Ik Ee 25 5o I P b iR AR A T B S ik —
A AT B AR M O T & BT B (R A — 8 A DG, i
A 3 2 1) XA A R A, 4R R,
(] B A i 25 2R PR 328 25 340 0 A A vk e A R ARARE T 440

M+ Na. K, Fe, Mn, Zn, Ca, Mg, Cu JLEMN &
T 5 % B AR AR 25 W52 i, SOAIF 92 2R 16 ik LA
TCE S HEAL, F IR b 5T R A LA R
RO B A5 g R R Pb 4b, il Ba. Ge.
Ni. Pd. Ti5 FhooZAHXSZANRE BN, AR H i E
IR AT 4E, Hih Ba, Ni, Ti. Pb HBUEZ R 5 ]
PR AR U 142428 nr o R S A e R . A
ARG R LT E SRR, H5EMOTER 2B,
KAES SIS, 5 NSRRI ER s 45 LA,
Al B S A FEIVEY X Lo R IR EE AN 56

[ L AR T RITE BT 1 A4 00 = M A
(T 4). REBIEMEERE DATF, B, &8
FR T o A2, HEDUS BRI W] e 5 A 6. ik
TR HIL AL BRI AT i 55 R AR S A8 KA O . R AT
VA3 3k 38 AR i B SR — 2L B0 TSR ) ) (9 T %

T S AR 5 SR FH 326 25 0 43 B s ST T b YA
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