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Distribution characteristics of heavy metals and mineral elements in tea from Sichuan Province
ZHONG Yang, RUAN Ruoyun, TAN Xin, HE Huan, WANG Xin
(Sichuan Institute of Food Inspection, Sichuan Chengdu 611731, China)

Abstract: Objective To study the distribution characteristics of heavy metals and mineral elements in tea from
Sichuan Province. Methods Four heavy metals and 14 mineral elements in 242 batches of tea samples collected from
Sichuan Province were detected and analyzed by inductively coupled plasma mass spectrometry (ICP-MS). Results In
242 batches of tea samples from Sichuan Province, the content of heavy metals was Cr>Pb>As>Cd, and the coefficient of
variation was Pb>Cr>As>Cd. The content of mineral elements was Sn>Na>Mo>V>AI>Fe>Co>Cu>Mn>Ni>Zn>Ca>K>Mg
with an average coefficient of variation of 41. 8%-57. 1%. It was found that Zn, V and Ni elements were characteristic
elements in 242 batches of tea from Sichuan Province. The tea from Dazhou, Meishan, Ganzi, Guangyuan, Bazhong,

Zigong and Leshan had a strong tendency to enrich mineral elements according to the comprehensive score of mineral

elements content. Conclusion  This study can be used as a reference for the background value of 18 elements in tea from

Sichuan Province, and provide data reference for related enterprises, regulatory agencies and tea researchers.
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(€ E Thermo) ; LC-223 fi i T4 7% (1 I 2 7 il 5w
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fil§ B2 (UPS, 22 [® Fisher 24 A ) ;1 AL & (UPS,
I N b AL 2 IRy A R W) ) 5K Ca. Mg . Na . Fe,
Mn.Cu.V.Cr.Co.Ni.Zn ,As . Mo.Cd.Sn.Sb.Pb.Ge.
In . Bi FICERUERF (1000 pg/mL, B EAH 4R
K HL T RE A A G by ) 5 B RE (555, GBW
10052, B R br e B b0 ) 5 B3 I (€ [ PE
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HBURSIARE 0.3 ¢ 224 B TR M, inA 7 mL
RSER , 35 BB 1 h J5 A 2 mLL 3 Sk & 3% FR R %
T A 45 A 20 BRI M iRE o V2 205 RO 4 T e
A Y A T 155 CCMAE T4 1 mL K,
FHHB ALK E R 2 25 mL &I IR A,
1.2.2 ARIE N N A i T T

K % B WA P I0 R AR MEVE W, FH 2% 1 1R s R
B il i % K. Ca Mg .Fe Mn Al JEE N 0.1.0.5.0,
10.0.20.0.50.0.100. 0 wg/mL, % Ni.Zn JLE N 0.
5.0,10.0.50.0.100.0,300.0,500.0 wg/L, ¥ Na.
Cu.V.Cr.Co.As . Mo.Cd.Sn.Sh.PbJGZE H 0.0.5,
1.0.5.0.10.0.30.0.50. 0 wg/L &4 b B T 1E il
LRI

FH 2% 1§ 1R 5 W % 94 Wi B Ge . In . Bi JLIC & b
HEIR W (1 000 wg/mL) &) 250 mL %5 f 0, Fic 1
Ge.In.Bi #2850 wg/L WITR A NFRER IR H .
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Table 1 Instrument parameters of ICP-MS
Ee 3 BN VAW K fE
STy R 1150 W Be 9 > 2 000 3670
EEFHRSMEE 17 L/min In 115 > 40 000 65 888
A 0.85 L/min U 238 > 30 000 40 249
MBS (Hey) 1.0 L/min CeO 156/Ce 140 < 0.035 0.025
ST KED Ce™ 70/Ce 140 < 0.035 0.024

1.3 GeiteEsrr

B % FH Microsoft Excel B4 #E 47 2 F 4 i1,
PEAT VB (E AR 22 R S RBS S . R SPSS
20. 0 B Bt JEAT etk | IF EAT IR 20 A K
LR W o V4 o 01, A A AP € TRl i
P 5437

2 H#R
2.1 YA ZE it e 4 ) T R A AR

PO A 242 HEAS IR R 4 B E 4R 5 G
TLREGITHEIWER 2. WK 2 ha] LI 4 Fp o 4
J& & R /NFE IR Cr>Pb>As>Cd, o Cr & i
I oM 4.31 mg/kg, Pb & & & 8 3. 12 mg/kg.
FR A E R AR GB 2762—2017¢ £ % 4 H AR
B s g BR )T R L SR Ph Y B
<5.0 mg/kg, i 5 (9 242 HE 25 M TP ORAEAE Ph B A
B G . MRAEAT I AR E NY 659—2003¢ 45 i 4% |
Hh R i K TR AR PR )R E  Cr As Cd TR 1)
PR (B 53 1) A <5. 0 mg/kg .<2. 0 mg/kg . <1. 0 mg/kg,
ok ke BLAT A ok PR AE SR A3 B a5 v i %
MAFAEES BT Y ME, 4 FhE 4S8N R R
BARYITE 10%~100% , J& T rf 55 48 5 280 456 8 g
A8 45w v i 4 S 9 o A O AR (E S HEBR B
WA JE TG YT RE S S R B H R B/ T R KR
7 :Pb>Cr>As>Cd,

2 PWINEETPESBTE SR

Table 2 Content of heavy metal elements in tea from Sichuan

Province
TLER FIMEHAREZE/ (me/kg) WAEX ]/ (mg/ke) AEF RZE/ %
Cr 1.14+£0.49 0.41~4.31 43.0
As 0.07+0.03 0.02~0.20 38.7
Cd 0.05+0.02 0.02~0.12 31.2
Pb 0.61+0.34 0.08~3.12 56.1

2.2 PN T BT R SRR

P)ig 242 LAt 14 M T R &%
Frilk 3,08 T REY FUCRMMET ook, &
7 RPN K>Ca>Mg>Mn>Al>Fe>Zn>Na>Cu>Ni>Co>
V>Sn>Mo,K.Ca Mg J& T % ft " it oo 2 HF (8 &
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T 1000 mg/kg, HoAy 11 Fioc & N # T
. Mn. Al Fe TR FEME S & T 100 mg/kg,
Zn . Na.Cu TR F¥ET &S T 10 mg/kg, Ni. Co,
V.Sn Mo JT &R FHMEH & =K T 10 mg/kg, K JTLE P
PIME 5 50 18 196. 45 mg/kg, 2K M K JUE & i
e ILE] T 24 975. 10 mg/kg. ASHFH 14 B
JCFE R R B AE X [E], A 5 RECH 10. 0%~
206. 4% , 75 5 FEN K BN/ TC R AR IR H : Sn>Mo>
Na>V>Cu>Co>Al>Fe>Mn>Ni>Zn>Ca>K>Mg, H
Sn. Mo Na 48 5 R EK T 100%, )& T 50 %,
oA 11 P £ 48 7 R TE 10%~100% Z 0, )&
THEERITE,
2.3 WA 2B BToC R & i o A RS

242 L2 14 P G R 4 SPSS IE &4 AR
Ko & Ca K Mg.ALNi.Zn 3t 6 AU R A IES
G3A (P>0.05) 545 IEA 401 (1 6 Fh ot R WU 1
DL 1, %0 Na,Fe \Mn.Cu.V.Co.Mo.Sn 3t 8 Ff

23 WA RMT Y RICE S &
Table 3  Mineral elements in tea from Sichuan Province

JCE FHEARMELE/ (mg/kg) WAAX A/ (mg/kg) A5 RE/ %

Ca 3099.62+547.51 1633.22~5 005.08 17.7
K 18 196.45+1 961.32 12 640.53~24 975.10 10.8
Na 19.94+20.04 3.66~234.87 100.5
Mg 1.825.90+182.72 1369.75~2 543.16 10.0
Fe 147.79+66.08 56.19~599.91 44.7
Mn 746.55+209.05 296.97~1 454.99 28.0
Cu 14.85+6.45 0.58~49.27 43.5
Al 498.58+163.58 133.53~1 138.23 32.8
v 0.21+0.10 0.01~0.89 48.4
Co 0.50+0.19 0.19~1.17 38.1
Ni 9.61x2.56 3.00~17.18 26.6
Zn 40.90+8.53 19.61~68.90 20.8
Mo 0.02+0.02 0.00~0.22 112.4
Sn 0.07+0.15 0.00~1.34 206.4

JCR w5 #i (P<0.05) . A WL Ca K Mg Al Ni,
Zn JCETE DU 4 R 5 1Y 242 fL 25 o S8 8
SR T Ay 8 FROC R AR K 2B B &
AR T EIKE
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Figure 1  Normal distribution of mineral element content
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S EELEST CaNiMn =M R, bk T
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ZEA T Mg.Co PRI JCZE IR IR, LB T 9. 39% 15
B Mg T R W K 8 B R LR G T Na.
Mn PR CE SN, BT 8. 48% {5 ., Hih Na
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Table 4 Extraction of mineral elements in tea from Sichuan

Province

R E LRy

PCA, PCA, PCA, PCA, PCA; PCA,
Z,(Ca) -0.650 -0.017 0.481 0.165 0.063 0.326
7,(K) 0.570 -0.137 0.428 0.030 0.243 0.493
Z(Na) -0.097 -0.113 -0.019 0.054 0.714 -0.272
7,(Mg) 0.383 -0.455 0.319 0.543 -0.018 0.238
Z(Fe) -0.294 0.556 0.142 -0.010 —-0.051 —0.134
Z.(Mn) -0.651 0206 0.461 0.130 0.273 -0.004
Z,(Cu) 0.297 0.586 -0.366 0.468 0.151 0.078
Z(Al) -0.857 -0.113 -0.042 0.309 -0.144 0.055
Z,(V) -0.376 0.718 0.255 -0.064 —-0.120 0.081
Z,,(Co) 0.178 0.000 0.266 0.519 0.173 -0.608
7, (Ni) 0.489 0.491 0.482 -0.205 —0.085 —0.047
7.,(Zn) 0.832 0.309 0.208 -0.071 0.110 —-0.032
7.,,(Mo) 0.258 0.014 0.132 0.445 -0.632 -0.154
Z,,(Sn) 0.060 0.435 -0.553 0.373 0.176 0.374
FEAEAE 3412 1.988 1.619 1.315 1.188 1.050
T 2 B/ % 2437 1420 11.56 939 848  7.50

B E TR /% 24.37 38.57 50.13  59.52 68.00 75.50

WG Rt € T EmMERENES PCA,.
PCA, .PCA,.PCA, .PCA, . PCA FHF o] f 45 5318 14
P Bt R EMR TR Yoo, Yoo Yo« Yo
Yo Yoo RIS W36 5. MRS A4 2 04 19 7
22 DMK P B 3 A Y R BTk R A L R
K, 5 3 A A5 4 M AR A 2 32 i 25 A
e, Rk

Y,=0.2437Y, ,+0. 142Y, ,+0. 1156Y , , +
0.0939Y,, ,,+0. 0848Y , ;,+0. 075Y , ,,
i H I 242 SR ZEH A %S .

R B 4 A5 0 R O 1 4 242 ik vk A e
T E AR HETE R 10 & A T S
b 81.126,238.239,237,220.63,226.5.54 5 7%
Oyl I B VI = I N AT e SN = [ R
7 AR, BB 10 HEUES X G 2 Y I RE
I3 He R A i B X S b XN G K A B S
Bk BT O R LR A R .

F 5 MIAE KM BUCE E 155
Table 5 Principal component scores of mineral elements in tea

from Sichuan Province

7 R 5 g4 X
75 Y, Y, Y Y, Ys Y 35y

81 2.080 5.827 -6.129 3.355 1.867 2.651 1.298 1
126 2.499 1.570 -1.775 3.393 0.753 0.470 1.045 2
238 4256 -0.739 0.497 0969 0.774 -1.493 1.034 3
239 4.133 -1.265 0.513 1.465 0.687 -1.019 1.006 4
237 4.114 -0.996 0.343 1.119 0.784 -1.182 0.984 5
220 1.660 -2.421 2971 3.476 0.259 2.157 00915 6
63 1.607 3.491 -3.897 1.814 1.075 2.565 0.891 7
226 3.324  0.329 1.191 -1.529 -0.222 0.438 0.865 8
5 0.036 3.406 2.473 0.400 0.885 -0.443 0.858 9
54 3980 0.164 0.382 -1.952 0.757 -0.986 0.844 10

3 i

DU 1| 2% i e g R 5L S A O R 2 22 42 8 T
RO mAR M, UM EEES YR RN
42.2% b FhER SR B . B TR Crot R
SR E N 431 mg/kg, Pb LR R RAK N
56. 1% , N 3X AN ff1 B2 43 B, 5 35 05 W I 45 i v P
M CronZE . WA ZEM g o R RS
B2y ] K>Ca>Mg>Mn>Al>Fe>Zn>Na>Cu>Ni>Co>V>Sn
>Mo, Hef Ca K Mg Al Ni.Zn JCE S IEA0 0, HA&
ARSI AT B KF N e R Y
N 9.61 mg/kg, AT S FOC R P &R KT
10 mg/kg, & HAMA A E . KM EY TR 7
FEARAS A0, 25 SRR H R Z 8055 1 - B K
TR R B SR b A Y SR
JCE Ty B AOCVE A B T AR A £l B R . BESER
B Zn V. Ni JCE &I 242 #E55 of v 49 FR AE T
0T LME Mo i e & ik A R AR, &0 i &R
TEGAMRITE M AW CH )T oE B A
BT A 1L b DX 2 T T 3R Y AR BE T .
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W I 047 L B8 2 B, A B 1 4 2 U 1] e g 2%
Z KRR HE S AR R R AR R R . ISR
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