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Origin Characteristics and Traceability Discrimination of Jiangxi Tea
based on Rare Earth Element Contents
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(Development Research Institute of Testing and Certification Technology, Jiangxi General Institute of Testing and
Certification, Nanchang 330000, China)

Abstract: To investigate the rare earth elements residues in teas from Jiangxi Province in order to provide suggestions on
reducing rare earth elements (REEs) contamination, and to improve the quality of tea. A method for geographical origin
discrimination of tea from Jiangxi Province was established to provide technical support for the protection of geographical
indication products and for tracing the geographic origin of agricultural products. One hundred and thirty-eight samples of
tea were collected from three producing areas: The counties of Suichuan, Lushan and Wuyuan in this study. Inductively
coupled plasma tandem mass spectrometry (ICP-MS/MS) was used to determine the contents of 15 rare earth elements in
tea. Principal component analysis (PCA) and fisher linear discriminant analysis (FLD) were applied to differentiate the tea
geographical origin. The results showed that the total amount of rare earth oxides in the teas were 0.44~1.57 mg-kg ' and
did not exceed the national limit standard of rare earth elements in tea (GB 2762-2012). After principal component analysis,
three principal components were extracted from 15 rare earth elements (REEs), representing 90.66% of the total index
information. Fisher discriminant analysis showed that the correct discriminant rates of back generation test and cross test
were 100% and 99.3%. It is proved that rare earth elements (REEs) tracing technology can be used in tea origin
discrimination and provide the identification basis for the protection of the origin of Jiangxi famous tea brands in the future.
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ASKIFGE R A0 T it LSR5 45 B TR ER G T
1% (ICP-MS/MS) VAT %E T 2R H I Je il ZEE B
ZEnb ey 15 FhAe o5 3, IR SPSS Gei - 4itk
AT F RS W FNFN G o3 AT T 7= B AR R, L
RV PG S0 1) I A il A i S B AR 2
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1 MR5RE%
1.1 MRS

SLHGAEN SRAEVIVEEE AR JUARR ZEUE B, #50Y
AR I A, b AR B = R X 2%
PR S 138 Oy AR N, Ho Z2 Y5 B (46 ), AL B
(50 ) IFJIE(42 455 BiFRES 3 O REEZ)ITE
ZWEAN 3 Oy T WA K 427 LS W LT RIB G
WARMER) T (BWB 2462-2016)100 pg-mL™  Jbridb

T B ARTTE G P : ICP-MS/MS fifi &

VAW (Ce. Co. Li, Mg, T1, Y)10 mg/L ., ICP-MS/

MSHi#£SIRG AR (Bi. Ge. In. Li. Lu. Rh. Sc.

Tb)10 mg- L' SEEZLHEEACAE BRA A iliE . XEIK
flegheali, iy E 20850 BRAF .

Agilent 8800 — H £ B H JBH A5 55 B8 A BT %
{L(ICP-MS/MS) e x BiBHE ARGt  FELHERAH
BRAE]; Milli-Q #4li/k &24: 32 E Milli 23 F]); CEM
(Mars 6 Classic) il AR ZEE CEM A H].

1.2 LWHE

1.2.1 FERATARER B SCRE B S RIS T 60 °C
HEFE SR 4 h, BB, 26 AR BHAS R . HEFIFREL
0.50 gCHEIA %] 0.1 mg) A5 P4 & T 3R DU 5 £ 075 T i
g, BFE 5 DR RREC— 4 AT RE &, BERR 10 >
P A AR AR &, DA 5 mL @ F1 1 mL XYL
UK, 3% BRI, 45 2 d R T A
100 °C f£%F 5 min, 150 °C £4F 5 min, 180 °C £ ¥F
30 min FEA TR, THHSESE7E 150 °C THf AR
22y 1 mL, /KRR ELS T 25 mL FEHR
0, R

1.2.2 Y880 WA mELsiie, 2995 T AT
ZHE(FR 1), HFIRE, FEARHE 0 a1 )N S
A, AR R RE TR — BT B =0 (S Q) w3 & ATt it
= (MS/MS) .

1.2.3 REE &l A 1% Mk SRS
WEMESS W (100 pgmL ', & 15 ## +I0FE La. Ce.
Pr. Nd. Sm. Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb.
Lu. Y)Z¥WmEHN 1.0, 2.0, 4.0, 8.0, 16.0 pg/L, %
R 1 %8 B A 55 B A BB B BT () (ICP-
MS/MS) I #5248, 78 He Rl FEA I 22 La.
Ce. Pr. Nd. Sm. Dy. Ho. Er. Tm. Yb. Lu. Y; ZEJll
FEREXFIE Eu. Gd. Tb, il i RAEZS HIEK (1%
HNO,) FItRAEE IR R 5, NARE S NS LRSI A
JRIEAN, XS A S hilpriE LR

# 1 ICP-MS/MS %4

Table 1 Parameters of ICP-MS/MS for each gas mode
S5 He O, mass shift H, on mass NH, mass shift
I E AR = SQ MS/MS MS/MS MS/MS
INEIES - 1550 1550 -
SRFEBREE - 8 8 -
£ - 0.7 0.7 -
A SERE, IR TR 0.4 v/s; BHEARTHII): 30 s,
SERE St VRS E T 0.1 1/s, IS E IR AL 40 s, AARICER
In, Rh, Scillid TRI= WA TEL S A, F5 LR
MicroMist; 5L E R 2 °C
MS/MS s B, Pl /0 34,
FHE 5 B EK: 2881, 56Fe, 169Tm
H,(mL/min) - - 2 ,
O,(mL/min) - 2 - -
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T ek, FF HRJH SPSS 26.0 Hf4%) 3 Eygent
TR e R BT ST, I RO T Sk
fith ST N FISEAY
2 HBRESH
2.1 M@HLETRAVNESER

ISR F) 15 RS L oe I EbRrERTZE, A1
KRBT 0.999; 3l L HITAR EIKEEIE, 75 2R
KRB R 98.85%~104.18%, AHXTHRAEM 22 (RSD)
7 0.12%~2.65%, 1B i 5256 T 15 58 4 ik e S I L
Ko 138 AR BOIE 25 AN 1 s, g5

FEHH, 3 A4S 7E ML A5 R A SR ) SR R 0.44~
1.57 mg-kg ™', YA I EShRUE GB 2762-2012, %
JIEZ PR S Sl 3 s, i85 1.31 mg-kg ',
He Ll La, Y. Dy N E, 5 92.05%, B o0
(LREE) S5 &M + 0% (HREE) 45 (5 —2F; I B2
rRR G DAEER ot (HREE) SN =, 5 95.58%,
WHE Y 66.02%. Tm 12.68%. Dy 6.48%. Er 6.38%;
ZEYF B R S AR 1 DA ARG 0% (HREE) A 3,
5 95.27%, fdh Y 62.13%., Tm 11.53%. Dy 8.44%.
Er 6.31%, Hrh 54 1503 (LREE)Eu 5 86 & &
M 6.63% A 3 B
22 ERASH

LAFR 2 i1 15 P - on R RAR 5RO A AR i, o
AS[E] =M B A ARSI 25 SR 64 T 53 43T o

F2 3AEAGZRNEE 1S RS OGRS LAY L
Table 2 Content and composition pf 15 rare earth elements in tea samples from three counties

_— #JI(SC) JFtl(LS) ZPR(WY)

o Frit(pgke") Hef5l(%) Frit(ugkg!) Hef5l(%) Frit(ugkg ") Hef5l (%)
La 652.23+37.58 51.30 1.01+£0.25 0.24 0.63+0.08 0.16
Ce 2.59+0.49 0.20 0.96+0.18 0.23 1.47+0.28 0.38
Pr 0.31+0.07 0.02 0.15+0.04 0.04 0.09+0.02 0.02
Nd 1.17£0.19 0.09 0.56+0.08 0.13 0.36+0.06 0.09
Sm 0.18+0.06 0.01 0.13+0.04 0.03 0.09+0.03 0.02
Eu 0.06+0.02 0.00 15.57£2.13 3.65 25.69£2.26 6.63

YLREE 656.55+37.82 51.64 18.4+£2.19 4.32 18.3442.22 4.73
Gd 0.50+0.09 0.04 0.14+0.03 0.03 0.06+0.02 0.02
Tb 0.15+0.08 0.01 0.02+0.01 0.00 0.02+0.01 0.01
Dy 55.45+4 .46 4.36 27.4+3.46 6.43 32.743.98 8.44
Ho 11.5+1.19 0.90 3.76+0.72 0.88 4.55+0.46 1.17
Er 34.16+£2.67 2.69 27.19+4.84 6.38 24.4442.79 6.31
Tm 4.80+0.89 0.38 54.02+7.45 12.68 44.67+4.02 11.53
Yb 32.96+4.3 2.59 6.53+0.77 1.53 13.37£1.73 3.45
Lu 12.75+1.39 1.00 7.81£0.63 1.83 8.61+0.29 2.22
Y 462.66+37.39 36.39 281.23+21.91 66.02 240.81+20.02 62.13

>HREE 614.944+39.00 48.36 408.11+£27.24 95.58 369.24421.25 95.27

1271.59+38.55 426.514£26.15 387.58+20.65
>REE 100 100 100
(1525.91+46.26) (511.81+31.38) (465.10+24.78)
> LREE/YHREE 1.07 - 0.045 - 0.050 -

T F PR TR R 2, Y LREEFR /R M 1 M Al; YHREEZR /8 A 1 8 Hl; YREEZ R 8 & i 555 A EURE s 8k B .

22,1 IENPERRES 0 B S S T
3BT A0 Ty v R L ARR R 4R (Bartlett ) 3R TE B4
55 F (kaiser-Meyer-Olkin ) KMO HUREE & FEAG S, FH
SR IR AR B 2 [A AR DG, B AR TR aG 78 = 2 6]
AHEEMER, A GRIRBEX I LS 22 A 2 PR
A7 EIT 53T

2 3 A] AT, KMO HUAE & U PE B 8045 SR

3 KMO FIE R R 56 45
Table 3 Results of KMO and Bartlett tests

TiH #HR
KMOBUE Y 0.956
ALK T7 3760.968
[RESIEESE i A% oL A H B 105
M 0.000

0.956>0.5, 0] LIE H AR = Hl i A5 i v £ F8 AR 2 18]
M5 B B B RE B R, BRAZIEA T 4T, BRI
FEERIE BERG 0 A0 05 0.000<0.05, BRIBANSEBHE
o, 9, U B 45 AR i 22 W] A AR A AR S TT DLk AT 2
ST AT

222 ERGTITZETIERR  AREFFTLL 138 DA
15 B o0 & oM 3 138x15 AYSE 4, JF 2k A
15 M FebrAR A, JA AT B AR 72T 15 ASHAS
BEAFTAS B ] AR RS R AR AR B 10 8 T 22 ER AN ],
(R P AR ) EL B 2 FIA 100% .

FIH SPSS FAFHEAT F RS 53HT, LIS BURIE(E
>0.5, 1SR 45 RN E 4 i, #2807 3 S FERS, R
B 90.662% M i 2=, ENIMAER T KIS FarEA
[R]y= L A b i AR 15 U8 o
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Table 4 Variance contribution rate of principal components

N PIURAFAEAL SRR F-T7
T
BiF o %) REB(%) Bt TE%)  2R(%)
1 12123  80.822  80.822  12.123  80.822  80.822
20942 6279 87.102 0942  6.279 87.102
30534 3560 90.662 0534 3560  90.662

BT BEMS 3B R R, A& 5 B2, e

S PER SRS/, A S E RN HIEL L A

EW AT LB A S, sy 1. 2 F1 3 A8 T RKH5y
HEL M 4 RIS
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Fig.1 Scree plot of tea principal component analysis in three

counties

2.2.3 BMARARTEEA P I R A A
SPSS HAFIEAT o353 4T, LA BURFIE(E>0.5, AT LA
33 3 A Fesr, 15 Bk L AE 3 > FERor P gy
FRECWAE, aT AR 5 h I RAR T, 25— For
F# &l La, Ce. Pr. Nd. Sm. Gd. Tb, Dy. Ho.
Er, Yb. Lu., Y JSURFEPRAE B, 28 — A Flisr 3
FLEH Pr. Nd. Sm. Tm JFURFEARAEELH AL, 25 —1>
FRSY FE R Er RGeS g al .
#5 LSS SRR R
Table 5 Correlation coefficients between principal components
and original index variables

B %
eIzt
1 2 3

La(X,) 0.992 -0.051 0.006
Ce(X2) 0.867 -0.278 —0.124
Pr(X3) 0.882 0.339 0.001
Nd(X4) 0.932 0.269 -0.024
Sm(X5) 0.629 0.659 -0.292
Eu(X6) —0.964 0.058 -0.002
Gd(X7) 0.945 0.098 0.052
Tb(X8) 0.829 —0.055 —0.126
Dy(X9) 0.93 —0.204 -0.038
Ho(X10) 0.967 -0.094 -0.017
Er(X11) 0.725 0.172 0.633
Tm(X12) —0.943 0.216 0.047
Yb(X13) 0.934 -0.255 -0.039
Lu(X14) 0.92 -0.16 —0.048
Y(X15) 0.95 0.086 0.081

P 25 RS RS 15 A JEUIR 48 AR o s e A X~
X5, 3 DERITIFHICHE F~F5. HPEER 5 214608
TER E TP B35 R 458 3 > Tl nu %L
PRI 353 N

F,=0.082X,+0.072X,+0.073X;+0.077X,;+0.052X ;—
0.08X,+0.078X,+0.068X+0.077X+0.08X,,+0.06 X, ,—
0.078X,,+0.077X ;+0.076X,,+0.078X, ;

F2=0.055X,—0.295X,+0.36X,+0.286X +0.699X s+
0.062X,+0.104X.~0.058X4—0.217X,—0.1X,;+0.182X, ,+
0.229X,,~0.271X,;-0.17X,,+0.091X 5

F3=0.012X,—0.232X,+0.002X,~0.046X,~0.546X ;—
0.003X+0.097X,-0.236X—0.071X,—0.031X,+
1.185X,,+0.087X,,—0.073X,5—0.089X  ,+0.151X 5.

SR GE R Y I E R EE i AN w4 &= =d
B, AT LIS BB FESR 1Y 3 D F R4 2R, 45 1R I
%6,

o6 SARPRERA TR H R R R

Table 6 Score coefficients of each index in each principal

component
- By
Ef=tan
Fl F2 F3

La(X,) 0.082 —0.055 0.012
Ce(X;) 0.072 -0.295 -0.232
Pr(X;) 0.073 0.36 0.002
Nd(X,) 0.077 0.286 ~0.046
Sm(X;) 0.052 0.699 —0.546
Eu(X) —0.08 0.062 —0.003
Gd(X,) 0.078 0.104 0.097
Tb(Xy) 0.068 -0.058 -0.236
Dy(X,) 0.077 -0.217 —0.071
Ho(X,,) 0.08 -0.1 -0.031
Er(X;,) 0.06 0.182 1.185
Tm(X,,) -0.078 0229 0.087
Yb(X;5) 0.077 -0.271 -0.073
Lu(X;,) 0.076 -0.17 ~0.089
Y(X,5) 0.078 0.091 0.151

2.2.4 FERSTAHEMESNT 3 D FEAST T ZETTRAR
k7 90.662%, D) F1. F2. F3 Sy X. Y. Z 2645, £~ 5
AVRESR I =HEE, G5 ULIE 2.

\
iy o
= %J1] (SC)
2.00 B = Ol (LS)
& 1.00 OZIE (WY)
0.00
~1.00
-2.00 =
~1.00 .00 | g0 200 300 %, 9_00 000 ‘.’00 ‘%
F1 © ©

K2 3R =4 ik

Fig.2 3D distribution figure of 3 principal components
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FHIE 2 B2, [Fl— = L B 5 BRI AEAR 4 1Y
WG, ASE = H i A5 rHRE L 22 (A BB 58 42 43T [H]
B G, 2SS 453 F3 S FHA W A 7= M 3%t
VLBH Er J8 Sk X513 ) 1255 i R0 H At g 4>y b, 1) 3 22
JEAEFE bR I L ZEYE P L FE Sy F2 AH 2548
7T, PRAHES Pr. Nd. Sm. Tm J8 kX 350 9 Hb, 5= 32 R 4G
FEHR o
2.3 RIS
2.3.1 FHZEMEZWr S TR RE S A F S FL
F2. F3 NJEIRAR i, AT HT, B S 2 %44
PEIEA T LRI W, a5 R a3 7, FREk MG VIF (H
1.00<5.00, PaHA AT LAZEF RIS 534T

#T MANLBIER
Table 7 Result of collinearity diagnostics

- KA R AL FrifEfb R 5L L MEE T
% Fl

B FrMEFER  Beta T BEE FE VIF
1 CEHE) 2029  0.027 74739  0.000

F1  —-0.679  0.027
F2 —-0.26 0.027
F3  —-0.113  0.027

T AR 7l

—0.849 —24.964 0.000 1.000 1.000
—0.324 -9.527 0.000 1.000 1.000
—0.142 —4.161 0.000 1.000 1.000

2.3.2 ML eREL LA F1. F2., F3 N JEGE

8 HLRLHG B R KL

Table 8 Function coefficients of typical discriminant

1 2
Fl 8.673 0.171
F2 -1.026 1.433
F3 0.014 0.480
(H ) 0.000 0.000

TE: 12RO [ 5 R4, ARARE R AL

HRAE 2 A F0 550 R BRI ZH 50O T TR AR B BRI, T
SRR AR AR B AL AR5 B OB 2, SRS MY
JC it WA 9 FNIEL 3, WIS LLAEAS S A PR
FEy2e BT, ZERFEAS S R e s B A BT, i
AR Fp e HAD P R 775 AR AT LUBH 25 H
IR BAR L 53 o

K9 AHBULALAY R R R

Table 9 Function coefficients of the centroid

L EHAES
1 2
#N(SC) 13.058 0.134
Jii(LS) —6.481 1.257
ZPR(WY) -4.877 —1.488

TE: 1-2ARFR2FR 1A R £

FUJHeREL 1 F0eREL 2 XF2H Joi 00 FNAE b A0
B, SR ILE 3,

2023 4F 12 A
MU F 550 R K
20 7 H
o %1 (SC)
o JriLl (LS)
10 1o ZJF (WY)
- = 2 o
& 0 % St
< ) =
-10
-20
-20 -10 0 10 20

PRALL
K3 R HR

Fig.3 Scatter plot of typical discriminant

2.3.3 KB FEEEIE FIHASIRECT 138 AR
BTS2, 00 7 IR CAG IS AN S SBGIE . 45 50
2 10, [ AR TE AR5 100%, 38 SRS 56 4] 53]
A 99.3%, BRI LIAREAR Y38 XIGUE R 98%, Hofth =
HbL A [RGB AN A3 SLISIEH 3R A2 100% .

F10 FIHNIL
Table 10 Results of discriminant classification

BN G5 B

Jrik 7 BN B IERH
(sC) (Ls) (WY)  #IFE(%)
%11 (n=42) 42 0 0
J L (n=50) 0 50 0
14 CAa
% o ats) 0 0 46 100
IERf IR (%) 100 100 100
#)I(SC) 42 0 0
. Jaii(LS) 0 49 1
*X«\\“ﬂ;
Ao ZEP(WY) 0 0 46 93

EFISE) 100 98 100

2.4 FUR 5 REERIIE

T BRI RE T A R R A T
Hu TEAA IR, AWFSTEHTNE 1 3 R (SC)RYZS
IR EL AT 3 AT A SR 192275 2R, R IXTS 6 1>
FEABCE AR HL ™ ARG o 48 6 SISERE S Il
FE G RBREALIS , B a5 R A T I A B AR,
A LSRRG 3 D a R . R EIR Y
F 1) pRIESRSERY WEA T A ity M PR G IE . fi R 11 A
I, R B R, 138 A A AL i Y 7 M 4

R A REIEEER

Table 11 Results of discriminant classification test
TR 5E B
ik 7 Bl B R EH
(SC) (LS) (WY) A%F IR %)
&)1l (n=42) 42 0 0
; JFi Ll (n=50) 0 50 0
@ﬁg Z&H (n=46) 0 0 46 100
KOAHANZE(n=6) 3 0 0 3

ERARIR%) 100 100 100 100
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100% 1EAMfHIIE; A ABIARITLHDZEAY 6 DRI
A 3 BHE ok A - #iE )1 (SC), J5 3 D HHlE
ARSI, FIEE R A
3 g

ZRMAEAEREE A UE L KT R HRVE)ST . AR
AR R 107 ZEFEAS ) 2 S ECAN R 2 i i A
TJCER YRS 225 . AT BN G 55 1
PARERIR T (ICP-MS/MS) T ZE T 138 />3 [ ZEi L
(46 ) A (50 4>) ZE P H (42 D) py At b iy
15 #5502, IR SPSS 26.0 #EFT 32 553 Fl ]
G LA 3 A s A AR R
HTE 0.44~1.57 mg-kg ', BIASE HEZbRE GB 2762-
2012 A BR 4 A8 e sds 8 RN B>l B2k
P B FERST 50T, AR IBURMIE(E>0.5, JLHEHK
3 A, BRI 22 TTHRRIA R 90.66%, HEST 2 4>
AU 51) RIS, SE e [ RAG B, S84 mT LSBT
B[R] = A ST HEAT 100% IERfHIS], 22 XIS UEIE
1250 99.3%. WFFERM, AR L 103K &
AL ALY S i IR A T, SR
VYA AR 24 A0 it R [ s R PR A S e At
Sk

[1] BpR X TR G bl 7= L E AT O RE(R]. @ 5. L
% 5 AR BAF, 2020. https:/jxrd jxnews.com.cn/system/2020/12/14/
019129706.shtml. [ QIU S W. Report on accelerating the develop-
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