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Abstract: The ratio of stable isotope and concentration of multi-element in tea was determinated with isotope ratio mass
spectrometry (IRMS) and inductively coupled plasma mass spectrometry (ICP-MS). Pattern recognition techniques with
principal component analysis (PCA) and linear discriminant analysis ( LDA) were used to classify the geographical
origins of tea from Fujian, Shandong and Zhejiang province, and Yuyao, Jinhua and Xihu region of Zhejiang. The
results showed the values of 8°N,3"°C,3D,5'%0 and the ratios of **Ph/*Pb,**Pb/**Ph and *'Sr/*Sr in tea samples
were different from different origins. There was also large variable for the concentrations of 27 mineral elements, such as

Li, Be, Na and so on, with a specific character of origin. The method of PCA could be used to classify the geographical
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origin of tea from different origins but with a cross in the scatter plot. However, PCA combining with LDA could gave
correct assignation percentages of 99% for the tea samples among Fujian, Shandong and Zhejiang provinces, and 87%
for the tea samples among Yuyao, Jinhua and Xihu region of Zhejiang. These results revealed that it was possible and

feasible to classify the geographical origin of tea by the method of PCA-LDA based on the determination of isotopes and

multi-elements.
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Table 2§ value and ratio of stable isotopes in tea samples

[a) 5 & SEHE + FRAEDR 2% Mean +S. D.
stable isotope ¥i 7 Fujian(n =4) 111 %4 Shandong(n =3) #iIT. Zhejiang(n =26)
3 N(%o) 2.628 +2.851° 3.786 +1.057° 2.406 +1.806°
8" C(%o) —27.249 +0.430° -26.520 +1.187" -26.330 £1.284"

3D (%o) -75.903 £17.223" —81.243 +24.496" -56.528 £10.303"
5" 0(%0) 21.942 +3.950" 21.219 +7.789" 24.252 +1.987°
206 p, /207 pf, 1.158 =0.003" 1.169 20.007* 1.159 £0.015"
208 p, /296 pf, 2.135£0.011" 2.115 £0.013" 2.125 £0.043"
87Sr/8 Sy 14.121 +12.541* 6.889 +2.600" 16.024 +12.829*
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2.2 AEFHEMHPTHE TR ERE
ENEERE R T =P U R A7/ Pve S o NI 2

Wi G At BB AL, 40 AL As (Ti (Si P Zn A& 55 25

A . B AR OGP L 3X 5 77 M PR G B 5 R e 45

REH X",

ANFEF AT 2 on E R ER 3 PR,
27 P oC 2 W & AR A R, H E A 22 LA B
e, HA R T R AEA R 7= s 2k i b i i 22 AR K
AR 2R 2 2. Hip, Mg Al K Ca Mn Fe %5
6 FhoC R Iy A T 100mg-kg ™', & B3 Bl AR T B,
Hop i ARz m i Mg K Mn Fil Fe (3 8 5 i, 1 4 2
WA & E AL, Na,Ni,Cu,Zn Rb Sr fll
Ba %5 7 FhOCE I & BV HIAE 1 ~ 100mg-kg ™", Hrfil
ARZEtrf Na Ni Cu 5§ 3 Fpoc R 0% & T W LAl s
ALY AR A i Zn (Ba & AL AP Se & &
55 H At 5 45 A G 0 AIG , H 4% M 25 ok Rb 5 i AR
o Bttt R, K 2500 R 76 & At b iy & &
2SI AR FE, LiiBe VELR 14 Mt R &K
M8, KT Img-kg ™', TR FNEER
2.3 Z07E iR ) B AR R A 5L 5 I0E
2.3.1 EZma a4 (PCA) R PCA XFhRiEfL 5 (Y 5
TR BCIEDEAT R AR AL PRI, T 9 AN AE 2% i XoF 7 g 2R
TrENR 87% , 4 e A7 S04 WO B4 h iy 15 2., PCT
PC2 PC3 .PC4 .PC5 . PC6 . PC7 . PC8 Fll PCY fi #L T 43
1 22.33% 16.32% 13.09% .10.35% .8.11% 5.30% .
4.24% 1 2.91% . \F 4 F 1,45 F 050 A2 5
#H AR, Hrd PC1 8D 80 2 Ph/*"Ph *Mg UK 7
V. Mo S5 Bt 1) 384 22 B, AT AR R PCL Y 38 4
FRIE . BEUL @3t PCA FREAEAN 3RS, T UG HUOHE f5 28 5 40
R A KR/Ny 34 x 9 IS R B, DA 6 &2 LDA B A
AR B Z0RT o O A R RO T

RI AAFHEHPTHESTENEE

Table 3 Concentration of mineral elements in tea sample for different origins

SEHY{E = bR WEDR 22 Mean + SD(mg-kg™')

- P48 = KR E SR 25 Mean + SD(mg-kg ')

o i P WL R i 4 L

Fujian(n =4) Shandong(n =3) Zhejiang(n =26) Fujian(n =4) Shandong(n =3) Zhejiang(n =26)
"Li 0.085 £0.038" 0.445 0. 178" 0.126 +0.057" Zn 12.16 £2.10° 25.61 £6.89° 27.24 +4.12°
’Be 0.002 +0.002° 0.023 £0.005* 0.007 +0.009" “Ga 0.139 +0. 020" 0.88 +0.12" 0.68 +0.38"
Na 28.16 +18.01" 91.00 +86.35" 23.99 +14.10" 5 Rb 55.25 £26.06" 46.36 +12.97° 57.20 +32.05°
Mg 1147.34 £215.64"  2434.79 £275.41*  1304.83 +484.94" 88gy 19.87 +13.78" 19.25 +3.76° 10.86 +9.13*
AL 723.03 +57.54" 695.82 +47.40" 366.75 +78.42° %Mo 0.139 £0.090" 1.06 +0.13* 0.39 +0.34"
¥K 11100. 94 +894.90"  23330.61 +726.12" 19978.50 +10082.81* ' Ag 0.004 £0.003*  0.005 £0.004" 0.03 £0.06"
*“Ca 6052.73 +601.79*  4238.45 £494.32%  3231.21 +1284.40° | 0.018 +0.010" 0.045 +0.024° 0.038 +0.016*
Sty 0.000 £0. 000" 0.563 0. 035" 0.376 £0.486" 5 1n 0.008 £0.000°  0.000 +0.000" 0.010 £0.028"
2Cr 0.613 £0.187" 5.40 +1.79° 1.05 +0.30" s 0.121 £0.015* 0.115 £0.012" 0.128 £0.064"
> Mn 669.84 £617.86" 1091.58 +135.84*  911.02 +530.90° % Ba 4.06 +0.68° 26.84 £4.01" 24.87 £20.29"
*Fe 109.31 +28. 68" 451.54 +£41.13° 139.45 £31.02° 205] 0.22 +0.02° 0.022 £0.003" 0.017 £0.009"
¥ Co 0.154 £0. 064" 0.966 £0.215" 0.51 £0.31" 208 ppy 0.70 £0.19* 1.03 £0.73" 0.90 +0.48"
ONi 2.22 +0.45" 17.12 £3.48" 7.59 +2.38" 29 Bj 0.011 £0.004" 0.000 +0.000° 0.021 £0.039°
® Cu 6.63 £1.39" 17.98 +9.21° 14.50 £3.68"
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Table 4  Information of principal component for variables in tea sample
) AR F 4> principal components
variables PCl1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
8" N(%0) 0.16 0.05 0. 04 0.20 0.30 -0.04 -0.05 -0.24 -0.34
5" C(%0) 0.08 -0.16 -0.10 0. 40 -0.13 0.16 0.04 0.21 -0.21
3D (%o) 0.25 -0.06 0.02 -0.09 -0.15 -0.28 0.26 0.13 -0.10
3" 0(%0) 0.15 -0.19 0. 07 -0.06 -0.21 -0.23 0.27 0.31 -0.20
206 p}, /207 p} 0.18 -0.25 -0.09 -0.11 0.03 0.09 -0.03 0.10 -0.13
208 ph/ 2P -0.19 0.27 0.05 0.05 0.08 -0.22 0.11 0.00 -0.29
878r/80 Sy -0.02 0.09 -0.38 -0.23 -0.12 0. 04 -0.07 0.24 -0.14
"Li -0.06 -0.36 0.11 -0.08 0.14 -0.11 -0.10 0.04 0.00
Be -0.10 -0.33 0.07 -0.08 0.05 -0.05 0.20 0. 07 -0.04
2 Na 0.07 0.01 0.29 -0.05 -0.29 -0.14 -0.38 0. 04 -0.08
*Mg 0.29 0.01 0.09 -0.08 -0.02 0.08 0. 14 -0.21 0.35
27 Al -0.04 0.13 0.28 -0.26 0.28 0. 04 0.09 -0.10 0.00
¥K 0.31 0.06 0. 14 -0.08 -0.07 0. 02 0.16 -0.12 0.09
*Ca -0.32 -0.09 0. 04 0.08 0.02 0.01 -0.09 0.09 -0.10
Sty 0.20 0.05 0.26 -0.15 -0.10 0. 00 -0.10 0.09 -0.19
20r -0.02 -0.12 0.07 -0.02 -0.03 -0.51 0.05 0.12 0.27
> Mn 0.15 -0.11 0.14 -0.26 0.30 -0.09 -0.11 -0.14 -0.09
S Fe -0.28 -0.08 0.07 0.03 -0.13 -0.21 0. 04 -0.06 0. 04
* Co 0.01 -0.33 -0.08 -0.07 0.17 -0.02 -0.01 -0.17 -0.04
ONi 0.08 -0.11 -0.19 -0.19 -0.20 -0.20 -0.32 -0.13 -0.11
Cu -0.11 -0.04 -0.13 -0.01 -0.18 -0.06 0.23 -0.55 -0.38
®Zn 0.08 -0.14 -0.12 0.08 -0.31 -0.09 0.11 -0.41 0.31
“Ga -0.12 -0.08 0.31 0.01 -0.25 0.24 -0.20 -0.10 -0.10
S Rb -0.06 0.09 -0.20 -0.43 -0.16 0.05 0.01 0. 06 0.05
8y -0.20 -0.06 0.25 0.01 0.12 0.15 0.15 0.16 0.27
% Mo 0.30 0.08 0.13 -0.05 0. 04 0.05 0.12 -0.01 -0.15
107 Ag 0.16 -0.03 0.07 0.26 -0.20 0.24 0.31 0.08 -0.04
"ad -0.23 -0.21 0.16 -0.08 -0.05 0. 02 0.15 -0.14 -0.05
51 0.08 -0.34 -0.16 0. 04 0.11 0.18 -0.16 0.01 0.02
B30 -0.18 0.05 -0.23 -0.21 -0.11 0.20 0. 14 -0.05 0. 06
8 Ba -0.04 -0.03 0.31 -0.08 -0.35 0.22 -0.21 -0.05 -0.01
205y -0.05 -0.01 0. 04 -0.40 -0.01 0.29 0.24 0.09 -0.15
208 py, -0.25 -0.17 0.14 0.00 -0.04 -0.03 0.22 0. 00 -0.11
29 B 0.12 -0.35 -0.11 -0.01 0.09 0.17 -0.06 0.01 0.02
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Fig.2 PCA cross-plot of former three principal components of tea sample from Fujian, Shandong and Zhejiang
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Fig.3 PCA cross-plot of former three principal components of tea sample from Jinhua, Yuyao and Xihu region of Zhejiang
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