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Health Risk Assessment and Characteristics of Heavy Metals in
Green Tea Samples from Urban Markets in Guizhou Province

LIU Wenzheng, YANG Shaoqun, YIN Zhong,BI Shan,ZHANG Quan,LIU Liya*

(Guizhou Center for Diseases Control and Prevention ,Guiyang ,Guizhou 550004 ,China)

Abstract In order to investigate the distribution characteristics and health risk of heavy metals in tea, the
green tea samples of five production and processing areas commercially available from urban markets in
Guizhou province were collected to monitor the content of heavy metals such as Pb, Cr,Cd, Hg, Cu, Zn,
Mn,Ni and As. The preliminary health risk assessments of these nine heavy metals in the commercial tea
were evaluated with the US EPA health risk assessment model. Results showed that the contents of Cr,
Cd,Pb,Hg,Cu and As in five kinds of teas were lower than national standard. Zn was shown to have the
highest diffusion rate in tea infusion after brewing followed by Mn, Hg, As, Cd, Pb,Cr, Cu and Ni. The
health risk level of Cd produced through drinking tea infusion was the highest after brewing.,followed by
As,Mn,Ni,Cr,Hg,Pb,Zn and Cu. Health risk assessment results of commercial tea indicated that heavy
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metals of personal total annual risk was 4.33X10 % to 5. 73X10 ° a

'. The personal total annual risk of

five teas were lower than the maximum acceptable levels recommended by US EPA(1.0X 10 " a '). And

the heavy metals in green tea are within the safe range.
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28 SCHR R &R K B 7 S b A B O TR e i R
ZYGE O TR L QN (B ) L LPSON #7K) |
QXN PG R 5 5 A B AT AR 19 25 25 A2 77 Hh ik
FIRE MR AR . FE SR T4 77 M R T i 300 25 e
RS S R S A R A AR TR 7 B
PRERPE B RE it LB SR AR A 40 A Ho ZY TR,
QN.LPS.QXN & 8 I RAE & . RFEEFEG NHEG
FE L BENLTE B> R AE A AN [] SR 3K R 4 55 J5T i 4
AN A5 55 R 200 3, Hod ZY L TR QN
LPS. QXN £ 40 fy 4 28 FE fl o SR A i R 4R 58 I
P1 8- Ll M ey S i ST M T o b e D = 7 B LA
2 TR AL B ORE B 10 @ 28 iHAE AL 55 C At
TEEE , FH R R BRI L 2 150 pem LA 19 JE B T »
FHTRES: Pb.Cr,Cd,Hg.Cu.Zn . Mn.Ni fI As i 20 H7
D7 S R AHE S B A B AR T AR AT
1.2 |5 H

Ethos A Tk % 1 % & 4t (72 K F| Milestone 2
AL ICAP Q Y H JHE A 55 8 14 BT 3 1) (3% [ 3%
R AE FRA RD - Milli-Q integral #8 4l K 4b B 2
4i (£ [# Millipore 2N F]) .

TSR GE g2t , 70 M b B Ak 7 et A IR A wDD L 3
AALE (gl [ 2 8 AL 2R A R\l L 4
B VR OR A BE R BRI B T 3 AR E W T
(1 000 mg/L, E KA & 48 K+ # k2 A ik
Hb) A M AR EY) BT (GBW10016 , [ 52 b5 i ) J5i o
L) Ak .

1.3 fE@mam
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i RGN RN B RS B
0.22 pm K RUEME, 5 h H 48 Pb.Cr.Cd, Hg,
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JoT 3 D
1.3.2 ByriiEaRiyhEeE S sl

K FHAR G0 2 0 X a5 AR AS R A7 A 3 SR 2%
1 g A 50 mL @Kk, 4k S2 fin i 2= K 30 )5 . /N K
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X SCHCAE - B 7 TG SR8 T G A B PR AR A XU T A 21

T3 2 min, K KUEHE B2 . i 0.22 pm KR
. X m TP HE4E Pb.Cr.Cd,Hg.Cu,Zn ., Mn,Ni
FAs B R FH A G 6 A B MR O R I E
1.4 REHEH
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B4 53 M B E ) B (GBW10052) #E 47 i e 0, —
UCOFATRE B AR X R 22 38/ F 5 %0 B & Jnar 1l i
FE 92. 6 %0 ~ 114 Y0 o b5 HE P 0T DN 5 25 SR ¥ A6 fu i 1R
ZEEHE AN
1.5 HiESWH
L5.1 @EFGHHEREBHELR

R A% Gt & R R S SRR AS AT AR 31, 43 ) R
HERAS 1 g $e A 50 mL & ¥ 088 gk b, 4k 2 i #4
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Wy RIS PP A 455 780 0 Ak 27 AE B0 0 XU D7 A AR RS 7
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Table 1 Toxicity parameters of heavy metals

Iy KD/ Q ik
(mg kg ' «d") (mge+kg t+d!)

As 1.5 [13]
Cd 6.1 [13-14]
Cu 0. 04 [14]
Zn 0.3 [13-14]
Pb 0.003 5 [14]
Hg 0. 000 3 [13-14]
Cr 0.003 [14]
Ni 0.000 5 [14-15]
Mn 0.02 [15]

ARSCWRFEZR M -2K 1 A G0 T <6 0 N A f B i
SR XU, - B 4 SR 19 2R BR i A BB R A R 8
REZRR G AT ESIEAZ D FARE
R P MR 3 2 g 0 B LA (6D
AR i RS P 2 2 B L 3% 2.

_CXIRXEFXED
ADD= BWXAT (6)

x2 ANEBRREENERESH

Table 2 Parameters of human health risk assessment model

RS YHE X ! SCHk
BW A H kg 60 [15]
ED R/ a 30 [15]
EF BFMR/(da D) 365 [15]

, 70X 365 (g M 5D _
AT PR/ EDX 365 (A 808 4 ) L15]
IR BN H B A /(L - d7 1) 1.1 [3]
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K SPSS 19. 0, Origin8. 6 #4753 4812047 .

2 HR5UR

2.1 XMHERFEEERE

A3 RE FAS AL 7N Tk T 4 2 2% H 42 A (Cr M,
Ni,Cu.Zn.Cd Hg.Pb As) & & #4700 2 . 45 3 W3k 3,
B2 3 AL 858 Cr &4 3.98~4. 63 mg/kg,
Mn & & J 320.04 ~ 526.74 mg/kg, Ni & & H
17. 43~25. 74 mg/kg,Cu & & A 15. 00~23. 15 mg/kg,

In &N 27.68~42.23 mg/kg, As HHE N 1. 12~
1. 34 mg/kg,Cd & # K 0. 72~1. 06 mg/kg, Hg & &
S 0.11~0. 13 mg/kg,Pb &4 1. 20~1. 45 mg/kg, &
Ji& GB 27622017 kit Pb B ARE (<5 mg/ k)™ |
NY 659—2003 A7 Cd(<1 mg/kg) .Hg(<0. 3 mg/kg) .
As(<2 mg/kg) .Cr(<5 mg/ke) REEFRIE AT A,
AN A 70 T M 3 7 T 2k 2% Cr Cd Pb.Hg &
As Ei BR T E Zhr R . BUATA Ay [
PR R IL X Mn, Cu,Zn Fl Ni £E 5 BR & 3 2 » OR

x3 ZEPIEHEEENE

Table 3 Contents of heavy metals in five green teas

G Cr Mn Ni Cu

ZY 3.984+0.21* 408.73424.52¢ 20.67+3.18> 15.0041. 647
QN 4.3340.48" 320.04+16.27> 17.43+1.64° 16.714+2.97¢
TR 4.3340.62¢ 485.76+30.48* 17.9140.95* 17.03+2.43"
LPS 4.28+0.73* 526.74446.19¢ 20.41+2.17> 19.18+3. 52"
QXN 4.63£1.059 490.83£29.06% 25.74+1.39¢ 23.1544.08°

/(mg - kg™")

Zn As Cd Hg Pb
32.18+5.15% 1.34%0.23¢ 0.78+0.11* 0.1240.06> 1.3740.15°
28.5146.29¢ 1.17+0. 19> 0.85+0.24* 0.1140.09* 1.4540.27"
27.684+4.96" 1.144+0.21* 0.9240.16" 0.1140.07* 1.2040. 21¢
30.834+4.87* 1.1240.13> 0.90+0. 13> 0.1240.04* 1.2540.39*
42.2345.369 1.1440.25* 0.7240.26 0.1340.08> 1.24+0. 267

TE A BR R R - BE 7R 22 T35 3 0. 05 .25 22 oK P AR A Rl 72 B R 22 AR R B 0. 05 B3 2 7KF

4 1 R A3 A AR A AR T N L SR A AR AR
—EE R (FE 3 BEEH N QXN>LPS>TR>
QN>ZY, QXN %% Cr.Ni.Cu.Zn fl Hg & &5,
39k 4.63.25.74,23.15,42. 23 F1 0. 13 mg/kg.,
M ZY %25 Cr,Cu 1 Hg & Sk, QXN £
Ni,Cu.Zn & & & & T HAb A 7 I b 2% (p<<
0. 05), 43 B8 H 24. 53% ~47. 68%.20. 70% ~54. 33% .
31.23% ~52.57% . QXN £ % Cr il Mn & & B %
T QN H ZY (p<<0. 05) , H W F 1k 22 S al fig &
T QXN 24 b 5% el - 58 1) - 26 4 J& OC R AFAE = 1 o
(B VRS 1 A 77 N L 24 AE 25 55 56 D5 IR r S 30009 5
TR Cd F 8B E R T ZY.QN fl QXN (p<<
0.05) 3% 5 TR 414 J& 7 ek F= & 25 el -3 v] R
FEAE Cd 5% Al Az 7 i B 2% i B AS [R) A K
QN X Pb B B Fm T TR.OLPS f1 QXN (p<
0.05), Al RE MY B A A QN SR 2% 78 A= 7= i T 6, 32 %]
ToRAYH AT XA Tlkig g, M As.Hg & &

TEARF A M s xh Z2REARE (p>
0.05), Z&mt 4 )@ 1Y & & m I AT RE 5 1% i B 25 i
Xt H 4 I 1 B AR AR IR A O
2.2 FFHESERERE

FA AT I TSRS A 17 A A 0 B AN
RMELERIMEK 4B 1 PR, fk4 7K Cr
Erih 20. 43~26. 93 pg/L.Mn &K 5 278. 18~
8 887.96 pg/L,Ni it 30.13~63.15 pg/L.Cu
Eri ol 55.12~75.03 pg/L.Zn &4 472.99 ~
755.89 pg/L.As N 7.76~9.04 pg/L.Cd &
HoON 4.24~5.95 pg/L.Hg &4 0.89~1.07 pg/L,
Pb &k 8.01~8.93 pg/L. SRAHE M &ML G A Kk
A5 250 Mn & iR Zn IR He el KA E
LR e EHFEINA . Mn>Zn>Cu>Ni>Cr>Pb>As>
Cd>Hg, X 5 & W] % 0F 58 250 M L. 3 7T /g
528 W Ty e $ 0k N A3 b E AR Wl Mn A6, HL
Mn.Zn 55 WA F i e,

x4 FEFHPAERECENSE

Table 4 Contents of heavy metals in five green teas /(pg+L7")
(533 Cr Mn Ni Cu Zn As Cd Hg Pb
ZY 21.4041.35 6493.51+£367.29 47.954+2.76 61.0344.62 549.78420.16 7.76+0.88 4.91+0.46 0.96=+0.07 8.5240.65
QN  26.0742.48 5278.18+312.83 30.13%42.35 55.1243.85 472.99+19.74 7.964+1.14 4.2440.29 1.07+0.11 8.93+0.72
TR 22.03+1.76 8443.404+438.19 34.93+3.22 57.40+4.19 492.78+28.56 8.91+1.06 5.9540.52 0.94+0.08 8.17+0.58
LPS 20.43+1.52 8887.964351.57 36.03+2.96 75.03%5.48 558.02+39.82 9.04+1.28 5.9340.37 0.97+0.06 8.0140.76
QXN 26.9342.06 8282.19+275.86 63.1544.08 73.7043.65 755.89+31.25 8.2040.95 4.8340.42 0.89+0.09 8.20=+0.69
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Figure 1 Diffusion rate of heavy metals.
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AR LRI 78.73% .74. 87 % s He fi i I K5
W A B E QN QXN & A5, ol A
45. 84 %0.32. 25 %6 5 As e I IR H 2353 500 7
LPS 445, Z2Y G245, 4% 5k 39.63%.28.36% 5
Cd fiefm I R 300 ) BLAE QXNL QN &g %
H, 435 34. 59 % .24, 35% 5 Pb £ 25 e AR 8 R
g3 B AE TR, QN &% %5 1, 43 5 oy 32.86% .
29. 56 %05 Cr fie i VI IR 240 51 BLAE QN L LPS
G LR 28.69%,22. 58 % 5 Cu I i I IR 5

FE) Cd A As 3l 2 IR 4% 38 18 77 AR (R RR S A A
P RUBE H, BLCd (2,90 X 10°° ~ 4.07 X
10 % a DIEARLAs(1.31X10 *~1.52X10 ®a )
W2, Cd, As 1808 KU 7K - 354K T 1= Br 48 35 B 3

B4 (ICRP,5X10 " a ') FI & E A B F (US
EPA,1X 10" a ') #ff 72 1 d5c K0T 42 22 KU K OF-.
fR2EBUEY) Cd A As Xt A fg 5 fa 3 1 A 4R K
B S (RO R 4. 24X 10 ° ~5.58X10 % a ', H A
2 b /1 O I < R NS B o S B R (A
ICRP F1 USEPA #E75# (1 5 K] 4% 52 KUK 7K F- 5 Cd
As A A XURS: 23 301 o A 2 SO P01 N SR XU
i) 68.40% ~73.07%.26.93% ~31.60%, Cd 7&
TR 2255 25 1 Hh 0 3 A 3 A AR JRUR: 7K T 28 3 e
LR A.07X10 % a 'y As 7E LPS 425 257 v i fa
FREAG A NAE KB K - R & & o 1,52 X
10°%a "',

xS ESESFYNTFHNANEEZRENE
Table 5 Health risk caused by heavy metal pollutants in the study

B0 MK R, /a™!

SRR R /o

K Mn Ni Cu Zn Pb Hg Cr £ £ As Cd S £

R R B R
ZY  8.50E-08 2.51E-08 4.00E-10 4.80E-10 6.38E-10 8.42E-10 1.87E-09 1.14E-07 1.31E-06 3.36E-06 4.67E-06
QN 6.91E-08 1.58E-08 3.61E-10 4.13E-10 6.68E-10 9.30E-10 2.28E-09 8.96E-08 1.34E-06 2.90E-06 4.24E-06
TR 1.11E-07 1.83E-08 3.76E-10 4.30E-10 6.11E-10 8.21E-10 1.92E-09 1.33E-07 1.50E-06 4.07E-06 5.57E-06
LPS  1.16E-07 1.89E-08 4.91E-10 4.87E-10 5.99E-10 8.51E-10 1.78E-09 1.39E-07 1.52E-06 4.06E-06 5.58E-06
QXN 1.08E-07 3.31E-08 4.83E-10 6.60E-10 6.14E-10 7.74E-10 2.35E-09 1.46E-07 1.38E-06 3.31E-06 d4.69E-06

R 5 AL AP AEBUEY) Mn.Cu.Zn . Pb,
Hg Ni.Cr KA IR 7= A 0 il B fa 3 A AR KU
KFH K Mn>Ni>Cr>Hg>Pb>Zn>Cu,
7 B ik 2 R B0 T A JE ORI AR BT AR R A
g AR RS 34 F (R 8,96 X 10 F ~1. 46 X
107 a "WATF 10 M ~10 " a YN BIEE T A
1 R 253 b AR S0 T 5 R R fE T SAE T A
BRI 1 ALk F ICRP 1 US EPA i #4 1 %
K2 W KT . R BAAS 1 AR 8UE Y Mn Ni,
Cr.Hg.Pb.Zn.Cu fif 5| & i i 5 f& F A /N, Hoxt 2

T B R fd R e AT Z s AN X 5 D i
FEUUR R G .

BARZR G T Cd.As I EUE XK EELF US
EPA #E7E1 fie K0T 8252 WU K F- . (B 5 ICRP 4
1) $5c R AT 422 32 AU K F- 4230 . B AN 2B 77 in T
GREG P AEE—E W Cd.As 15 4%, 7] BEXT R 5E A
R N — o IS R A . Cd As BB TER F %
K5 Y. 253 Cd. As B Rk W18 1 5 2 0
BEHR. X5 CAO W xf % H % . SOFUOGLU
SO LT R IR A Xt R R A e A% Y
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5 45 AR
3 4it

g d Cr &M 3.98~4.63 mg/kg, Mn &
R 320. 04 ~526. 74 mg/kg. Ni & &K 17. 43 ~
25.74 mg/kg,Cu & =N 15.00~23. 15 mg/kg,Zn
SE N 27.68~42.23 mg/kg, As N 112~
1. 34 mg/kg,Cd & &k 0. 72~1. 06 mg/kg, Hg & &
A 0.11~0.13 mg/kg,Pb & & 1. 20~1. 45 mg/kg,
S GB 27622012 A5 F o Pb B 2 bk o L ARl 56
FrdE NY/T 2008—2012 Cu PR #51E M NY 659—
2003 1 Cd.Hg. As.Cr (1 BR & b5 o o] A1, A4 7=
T T M B = v A% Cr . Cd Pb.Hg.Cu F1 As 7%
SR T SR o BR AR BUAT A 2 A8 B AR R L
X Mn,Zn #l Ni fif i BR&8=BE  AT 5 &,

FAE I T B S 525 Zn Mn [
BRI E. I W N 78.73% ~ 87.04% ., 74.87% ~
81.27% ;Hg IR Z + 2 32.25% ~45. 84 % ; Ni ¢ 1%,
H 7780 ~11.58%, KT EEEE L E RN
K :Zn>Mn>Hg>As>Cd>Pb> Cr>Cu>Ni,

it B XU T 25 S e B L A AR 7 T T B
SR b 4 AR AR T R A I A A N
AF KB K 2 B A - Cd>> As™>Mn>>Ni>Cr>Hg >
Pb>7Zn>>Cu, % i 5 4 J& 3 i IR A iR A2 T 7= A 1Y)
A NAEERR A 3 AR AR B0 A 4. 33X 10 ° ~5.73 X
107% a ' KT USEPA FiIl ICRP #E757 #Y £ K ] #%
% W& K, FEB Mn Ni.Cr.Hg.Pb.Zn.Cu.Cd f1
As 5| R 11 fele 5 £ 35 A /0N o LT 2 8 N TE it 17 ik B
o 0] 2RI S e R AL TR AR
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