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Analysis and hazard evaluation of aluminium, lead, arsenic, mercury,
chromium and cadmium content in tea
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ABSTRACT: Objective To study the content of heavy metal elements in tea in Fujian province, explore the
content of heavy metals in different types of tea, and assess the health risks to the population. Methods A total of
98 tea samples were randomly collected from markets of Fujian province to detect the content of heavy metals
(aluminum, lead, arsenic, mercury, chromium and cadmium) by inductively coupled plasma mass spectrometry after
microwave digestion. Results The content of lead, arsenic, mercury, chromium and cadmium in the 98 tea samples
was within the national standard. Aluminum limited content had no requirement in the national standard, but the
damage was limited. The detection rates of lead, cadmium arsenic and aluminum were all 100.00%, and the detection
rates of chromium and mercury were 95.9% and 37.8%, respectively. Target hazard quotient of each element (THQ)

rank was aluminum>chromium>arsenic>lead>cadmium>Hg, hazard index (HI) was 0.2589, and the contribution of
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aluminum to the hazard index was 45.2%. According to the harm index of different tea types, harm index rank was

dark tea>oolong tea>green tea>black tea. According to the origins of tea, harm index rank was Yunnan

province>Fujian province>Zhejiang province. Conclusion There is a certain degree of metal pollution in the tea

sold in Fujian province, but the hazard index is 0.2569, which is less than 1. The health risk is low, but the heavy

metals in tea still need to be monitored continuously.
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ICAP-Q HiJEHE A % 8 F IR B3 A (B 3R R R B
25 v)); Multiwave 5000 fll% T 1 . BHWO09A45 £ 5%
TH AL (AR A7 BRZA FD); Milli-Q #8 4l /K 4b ¥ R 55 (35 [
Millipore 23 il ); XSE204 HL 1 K- (7 #h A7 BRZA W) o B
FEV B 354 0% IR B0 V0 7 3 ) 30% i BRI 30 48 h, I
gk R E ik, WTE&H.

1.12 &K A

iR (e ghat, By nl); WA a g, 2y
LR F A BRA FD; 45100 pg/mL, EFRA A48
B v F w4 kL 4 B A A0 ), B (1000 pg/mL) L A
(1000 pg/mL). #%(1000 pg/mL). %% (1000 pg/mL), 7K
(1000 pg/mL) . %L (100 pg/mL). %% (100 pg/mL). %A
(100 pg/mL). %4(100 pg/mL)%& FlBA TG 25 bRl Wk (b
THE B R B, R W N4 4 A AR E W BT (GBW
10052a GSB-30a £ 4%, H [E b iRl 2% e b BR 9 P 3t 2R £k
FEE VR .

1.1.3 AR5 AARER B4

B IT R A HEVS B AR . AL L AR R
K 6 ML EiRbR, HEEEE 451845 0. 200, 500,
1000, 2000, 5000, 10000, 20000 ng/mL, %%, ffi, 4%,

.0, 1.2.5, 8,10, 20, 50ng/mL, k:0, 0.1, 0.2,
0.5. 0.8, 1,2, S5ng/mL. Hi. #. M. SEPNARER A
2 BR FH 2%l FR R B A 20 ng/mL IR A BRI
1.2 UBRIESHEREH

ICAP-Q HLBHA 55 8 TR B L AR 5 i S
K 1548 W, REEHEE 5 mm, B ESHE 14 L/min, 2%
AP 1.07 L/min, 25 ka8 H 0.8 L/min, ¥55)%EEH:
40 r/min, BBk, BHCRERL 5K,
1.3 KWHE
1.3.1 A4 &

W BEASRE SR TR AT, R AR R, B e, &of
60 Hfi, PRA7T B8RO & H
132 kg

FREL 0.35 gCEH2] 0.0001 g)#% FHFES: TR IUF 20578
@, InA 5 mL iR, 2 mL AL E, ST T XUe
TR AR, U H O A T TR . AR AR R
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E RGNV E RO 2 ORI . FF SRR IUIR . AR IRl
T AR AE
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2.1 FERSKMME RN EER

Ve N N SN SN I SRS R ES o R e EPS

FZH0(r?)4r 914 0.999 ., 1.000., 0.998. 1.000. 1.000. 1.000,
HgR ko R R, Hil 48 20 A S as A, FEM IR T %
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Table 1 MLimits of detection /Limits of quantitative of 6 elements

IR IR I RE {57 LA

55t H e £ AHIC R B FE bR 7 146 s BR /s B BR™/(mg/kg) SRS H R/ HEBR/(mg/kg)
il Y=6849.2+24886.6X 0.999 0.02/0.05 0.005/0.02
fif Y=8.980+631.2X 1.000 0.002/0.005 0.001/0.003
K Y=34.8+2807.1X 0.998 0.001/0.003 0.0006/0.002
% Y=581.8+5699.1X 1.000 0.05/2 0.02/0.07
i Y=210.3+3412X 1.000 0.002/0.005 0.0008/0.003
G2 Y=785.7+42.2X 1.000 0.5/2 0.4/1

Fz2 MirERERE

Table 2 Results of recovery

I H il BT B B /(ng/mL) TP ST 12 ¥4 B2 /(ng/mL) AR BT 5 v BE /(ng/mL) B/ %
1 3.26 93.0
i 2.33 2 437 102
5 7.26 98.6
1 1.18 96.5
it 0.215 2 2.13 95.8
5 4.97 95.1
0.1 0.0913 86.6
K 0.00469 0.2 0.185 90.2
0.5 0.531 105
1 4.99 106
& 3.93 2 5.87 97.0
5 8.84 98.2
1 1.05 89.0
] 0.160 2 1.99 91.5
5 5.24 102
2000 5734 98.0
A 3773 4000 7641 96.7
6000 9687 98.6
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Table 3 Detection of reference material
231 5 FrUE(E/(mg/kg) I {8 /(mg/kg)
i 1.6+0.2 0.147
i 0.16+0.02 0.151
P 0.0073+0.0007 0.00683
% 0.6+0.1 0.563
ki) 0.20.02 0.192
el 1200200 1135

23 FHHRPHRIEREHBERARESRENR
e

) FH#E AR 16 3 2 8 (target hazard quotient, THQ)FI &
68 (hazard index, HI)PEAL A o 4 J T L X A A fi
FERZ M A L THQ VHI 7 ik A (D)~ iR, 2
(1) Al 4 A (estimated daily entake, EDI), Jij
AZ2(2)(3)HH5E THQ fl HI. X4 THQ< 1 i, £ HE4E
Ja 5 g N R XS AN BT 24 THQ > 1 I, 4R
75 e Sof N A B AT XS, THQ 8 K it B XU kB,
CxEpxEp xFr

EDI =
Wy x T x1000 M
EDI
THQ=— 2
Q RFD @
=yn
HI —Zl:lTHQ (3)

AX(D)H C: Kt 48 & i KOF, meg/kg; Frre A5 HF
BT, 8 g/(N- KT Ep: BRERIGMIN], 70 4F; Ep
TR AR, 365 d/AF; Ta: ZREEAYNSI], EpxEp; Wap:
NP IR, 60 kg™ o AR 3 [ BF 5% £ 471 4 (environ
mental protection agency, EPA)A i FI# . . 8RS 7
ig (reference dose, RFD)H 4> %>~ 0.0005, 0.0003 Fi
1.000 mg/(kg-d)P), {HIFRAMHK . 8 . A RFD i,

UEoR . # . AV RFD fER A B A A LU i A7 1A
2H A TN IR B A & K 2 1 £ (joint FAO/WHO expert
committee on food additives, JECFA) MM . #F. SRAGE
& B J T 32 3 A\ i (provisional tolerable weekly intake,
PTWI)/7 B I+5, FHAA 42 0.00096 . 0.0036 .
0.00057 mg/(kg-d).

XF 2018 AEFREA T 98 (AT nl w4l . Bl SR L
LA 6 M e E RS TR, R ILE 4. Hip
BB OSR B A RS R TE 98 Iy S RE AL TR A K, R
K%k 37.8%, KR 95.9% . K 4E GB
2762—2017¢ & S e A bR UE &5k s Y P B )
Fg L bR E NY 659—2003 { ZE i 4@, K. K&
SRR W I B, A G 98 13 AS IERE b
By OB SR B B S PR E SR UHAREES . T AT
RO B ETRA MR B ME, &% 2011 4 JECFA
il 2 AR E PTWL O 2 mg/kg (K, DU ACE A E
(60 kg)IT4a, WH R ZH|MAREN 17.14 mg/d. FAM
SERM, L1 g 250 100 mL K #hifd, [ ahifd 4 B
BRI RY 27%, KFEGFIZE R 2 R RN,
ARG AR S B BIE ) 852 mg/kg, A5 R
BRI AR, WA RIS R KT 745 L, BAMS
A6 AT RERR AR o

FIRMEFETGBOLTEAG, 85, . M. K. W, 4 6
FhaJE M HI & 0.2589, /NF 1, ULIATER I HIX 6 Flid:
J AT e R P X AR LA 2 0 KU . 2018 AFE AR AR
TERM AR &85 Y THQ HEA K KIEH > 4% >
il > 4% > 4 > K, HAP Xt HI B 5TEkE R 45.2% 250
RS R, REEREAERST R 8%, A
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POt EEFRITTRENEY), HAm A ERm. HiE
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F4 2018 FEETERMHEMER
Table 4 Detection result of tea marketed from Fujian province in 2018

KAmiH  FEAitk BREFSHE(mg/kg)  RBINMETER/(mg/keg) KA KBHBE% SEH{E /(mg/kg) THQ
45 98 5 0.0764~1.34 98 100 0.551 0.0204
i 98 2 0.0182~0.599 98 100 0.0683 0.0304
K 98 0.3 0~0.0390 37 37.8 0.00934 0.00220
% 98 5 0.0983~1.47 94 95.9 0.557 0.0774
% 98 1 0.0145~0.0866 98 100 0.0331 0.00880
el 98 - 291~1715 98 100 852 0.114
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BT 98 AN B = SRR A Bk L 4155 5
JeZ B BRER AR RIS R b THQ HEA K
UHEIBE > B2 > 6428 > 4125, MAE & RAE AR AR
APk THQ HEZAMIKIR IS > 55 > BIp A > 414 R
HPEE & AR AR i THQ HEA KK E RS > Bk
B> % > 455 IS BAEARRZFZEH THQ HE
BRI IALS > 555 > 4028 > B, WNEY o BER
[FZS R THQ HEBARUUE RS > 428 > 2108 > B e s;
R B AR RIS R b THQ HEA KU S e s >

RS> 8RR > LU0 AR HI HERARUCEE > 5
JEZR > 228 > £12R, AR 5. MR AT RISR R A |
fiff, ok, 8% WS RAVE R, SR 6 Fid)R oo
RPH SRR TR,
2.5 AEAMINFHESESRIFER

T RS (0 S AN TR, xF T B 98 s it R AT 40
K, AIOONARE.L WL, ZE, AT aE A R
DLULER 6. 1 MRS T 0™ L (9 HI HE AR 5 > A i
> WL, = har, . M. oK. Er SRy
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Table 5 Detection results of different types of tea
. , \ . s G T " G R S 1]
FubRhde RREIKR MBI e Ko B Rt el THQ HI
/(mg/kg) 1% /(mg/kg)
4t 0.196~1.34 23 100 0.554 0.0205
fif 0.0219~0.456 23 100 0.0962 0.0428
K ND~0.0325 6 26.1 0.00988 0.00226
E5 &S 23 0.262
% 0.188~1.47 22 95.6 0.660 0.0917
i 0.0209~0.0824 23 100 0.0397 0.0106
bis) 309~1319 23 100 655 0.0873
At 0.102~1.09 19 100 0.437 0.0162
i 0.0198~0.104 19 100 0.0432 0.0198
xR ND~0.013 5 26.3 0.00597 0.0014
ax 19 0.204
% 0.231~0.958 19 95.6 0.517 0.0718
i 0.0154~0.0866 19 100 0.0351 0.0094
bis) 291~1119 19 100 542 0.0723
At 0.0764~1.3 53 100 0.598 0.0219
iy 0.0182~0.599 53 100 0.0616 0.0274
K ND~0.039 23 43.43 0.0101 0.00240
E% S 53 0.268
% 0.0983~1.38 50 94.3 0.495 0.0683
A 0.0145~0.0445 53 100 0.0291 0.00780
bis) 467~1715 53 100 1053 0.1404
it 0.581~0.647 3 100 0.614 0.0227
i 0.0994~0.177 3 100 0.133 0.0591
*x 0.0036~0.032 2 66.7 0.0182 0.00426
B 3 0.353
5 1.04~1.17 3 100 1.10 0.153
& 0.0293~0.0605 3 100 0.0414 0.0110
R 705~811 3 100 770 0.103
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Table 6 Detection results of different origins of tea

7 H Feabfibye En®E RIS/ (mg/keg) KB Ko 2R /% SEI{E /(mg/kg) THQ HI
Gy 0.0764~1.34 68 100 0.578 0.0214
fif 0.0182~0.599 68 100 0.0733 0.0326
K ND~0.0390 28 38.2 0.0106 0.0025

firk 68 i 0.0983~1.38 64 94.1 0.517 0.0718 0203
B 0.0145~0.0824 68 100 0.0322 0.00860
® 420~1715 68 100 964 0.1285
# 0.102~1.09 27 100 0.498 0.0184
fif 0.0198~0.104 27 100 0.0487 0.0216
K ND~0.014 5 26.3 0.00518 0.0012

#HL 27 i 0.231~1.47 27 100 0.595 0.0826 0210
B 0.0154~0.0866 19 100 0.0347 0.00930
® 291~1417 19 100 579 0.0772
G4 0.581~0.647 3 100 0.614 0.0227
fif 0.0994~0.177 3 100 0.133 0.0591
R 0.00360~0.0320 2 66.7 0.0182 0.00430

=M 3 0.353
% 1.04~1.17 3 100 1.10 0.153
B 0.0293~0.0605 3 100 0.0414 0.0110
@ 705~811 3 100 770 0.103

2.6 PWLER R AT A E A AR EZE KR, HI AT 1, BErXs

MY B, SR B L BRIk
0.0764~1.34, 0.0182~0.599, ND~0.0390, 0.0983~1.47,
0.0145~0.0866. 291~1715 mg/kg, ZSH-H4E . . 5.
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3 Fi5itie

TEAWEFEAT T 98 Gy Hi B2 ARl b Y L L o
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