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Selenium, arsenic, mercury and cadmium in tea leaves and infusion of a green tea grown in an area with a
high geological background of selenium and cadmium

YANG Ru-yi'?, YANG Cheng', SHI Xiao—jing', ZHANG Meng—ting', GAO Ye-neng'

(1.School of Environmental Science and Engineering, Anhui Normal University, Wuhu 241002, China; 2. Anhui Provincial Engineering
Laboratory of Water and Soil Pollution Control and Remediation, Wuhu 241002, China)

Abstract: It is very important to highlight the biogeochemical cycle of trace elements and their accumulation in crops and potential health
risks in high geological background areas. The accumulation of selenium (Se), arsenic(As), mercury(Hg) and cadmium(Cd) in tea leaves
was investigated and the impacts of harvest season, leaf maturity and drying temperature on the concentrations of these trace elements were
analyzed. The optimal tea making conditions were obtained based on the maximum leaching of Se in the infusion, and the leaching charac-
teristics of 4 trace elements and associated health risks were evaluated. The results showed that soil Se ranged from high to excessive
(46.67%) according to the landscape ecological background value of Se in China. The concentration of Cd in the soil was much higher than
the risk screening value and the proportion of acid exchangeable Cd species was 57.31%. Tea samples were recognized as Se—rich tea and

contained normal amounts of As, Hg and Cd, according to the national standards of China. Soil Se did not have any antagonistic effect on
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the accumulation of toxic metals. On the contrary, it was positively correlated with Hg concentration in the tea leaves. A high—temperature

for drying resulted in a 63.51% loss of foliar Se, while harvest season and leaf maturity exhibited significant effects on the concentrations of

As, Hg and Cd. The leaching of Se was mainly controlled by temperature and brewing times and only 26.06% of Se was leached into the in-

fusion under the optimal conditions. In contrast, As and Hg in the infusion were mainly subjected to brewing times, duration and tempera-

ture. There was no obvious health risk in the consumption of Se-rich tea in this study because all the target hazard quotients (THQ) were

less than 1. The results indicated that the accumulation of trace elements in tea leaves and the associated health risks in a high geological

background area were different from those in polluted areas.

Keywords : Se—rich soil; heavy metal; leaching; health risk; tea leaves
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Figure 1 The location of study site
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EDI = e (2)

U . EDI(Established daily intake ) i H #J45% A& ; LC
(Leaching concentration) 4 2% 17 ' 5 42 J& W0 3=t 1%
i, mg kg'; TC(Tea consumption) A H X ZSHIH 4
114 g N d s BW O NI , A% 63.7 kg
2, H ARG % R ETHQ (Target hazard quotient)
AEZR U Al A oK AR 2 i XU, T A (3) 35
EF X ED x EDI

THO = =% < ar
. EF Ry 28255 (Exposure frequency ) ,365 d-a™';
ED } #2785 BH (Exposure duration ) , 7% 70 54531 RfD Ry
5 E IR (USEPA ) UL A (At | FY BEOR 28 171 2% %
2 2% F 4, 20 )R 5%107 3107 1x10™ mg - kg *
d™ s AT AR SO B 52 1 T2 A], 365 d -a'xT70 a3 107
NN . THQ RT 1 3R (g e KU &

IS GE 53 3 1 SPSS A (V.20.0, SPSS, Inc.,
Chicago, USA) 5¢ . , 8. & 15 7K - 433l A P<0.05 Fll P<
0.01.
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Table 1 Soil chemical properties and heavy metal concentrations (n=30)

i H P R 22 Ja g 5 S R
Items Mean+SE Range Recovery/%  Coefficient of variation/%
pH 4.10£0.05 3.78~5.02 7.07
SUAEIE A Eh/mV 356.63+4.51 308.00~416.00 6.92
HHLF OM/g-kg™! 42.23+1.48 29.46~59.44 19.20
M TP/g kg 0.48+0.02 0.29~0.75 27.08
B AK/mg kg™ 53.86+5.85 10.48~141.75 59.54
Se/mg-kg™! 3.60+0.45 0.90~9.93 91.00~95.09 68.61
A SE AT ESe/mg - kg™ 0.63+0.09 0.31~0.77 32.96
As/mg-kg™! 17.06+0.86 7.36~25.78 96.97~100.95 27.73
AT AZ A EAs/mg - kg™ 0.2620.01 0.23~0.28 10.09
Hg/mg-kg™! 0.0760.006 0.033~0.165 91.21~107.38 4474
A K EHg/mg - kg™ 0.000 39+0.000 02 0.000 35~0.000 42 8.41
Cd/mg-kg 1.3520.03 0.95~1.73 99.14~110.49 14.07
N WA ECd/mg - kg 0.77+0.02 0.73~0.82 4.19
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93.8%. N33 P, vhif i 5 A RO XAl A ¥
AR R0 (P<0.01) , {5 w6 IR 8] f1) 52 0 A BH J
(P>0.05) . BlAYH 52 RS2 A R, HEUJE: Mfd ik
B, S AR L 25 A2 100 °C P 1 IR BT 10 min,
UL H R AT 35 0.083 mg - kg (3 H1 364 26.06% ) , I
ZeAE T RRISR 3 H A 4351 h 0.056 mg - ke F10.002
mg-keg '

24 ZHtHhECERERXK

A h R R R TG PR, PR 53
FV A B R EDIFI THQ . N5 SEAT LI H (3
4) , N B R RS AH Af SR I EDI 23524 1.07%
107.6.46x107° F1 2.43x10™* pg-kg'-d'. #% B FAO/
WHO & & BO il . JCHLE | H 3& 5K A9 PTMI (Provisional
tolerable monthly intake ) 8 PTWI ( Provisional tolerable

R3OMEIRE OREFNE E X F A R A ORI HE R
Table 3 The effect of brewing temperature, times and duration on
the concentrations of selenium(Se), arsenic(As) and mercury

(Hg) in the infusion

S A L

- Bl i fifi i IR
A Se concentration As concentration Hg concentration
Main effect
P F P F P
¥ Temperature  8.021  0.001  2.727  0.072 50.750 <0.001
AL Brewing times  7.676  0.006 19.381 <0.001 2.222  0.133
Hif i3] Duration 2356  0.104 12.683 <0.001 1.167 0.367

F4 FiFP M OREEHENENBREERY
Table 4 The established daily intake(EDI) and target hazard
quotient (THQ) of selenium (Se), arsenic (As) and mercury

(Hg) in the infusion

JLR I E bR 22 L
Elements Mean+SE Range
il Se EDI/107pg kg™ +d™ 1.07+0.05 0.75~1.49
THQ /107 2.14+0.10 1.50~2.98
fifl As EDI /107 pg kg™ -d™ 6.46+0.38 1.79~10.02
THQ /107 2.15+0.13 0.60~3.34
7Kk Hg EDI /10 pg kg™ -d™ 2.43+0.20 0~3.58
THQ /107 2.43+0.20 0~3.58

weekly intake) ] 3158 tH 4 H i 32 % A i TDI(Tolera-
ble daily intake )53/ 6.28 .2.1.0.23 wg-kg™"-d™', A
D28 7 v BRI R R G I T TDIL 8Ok 2 4
THQ WHEFF >R > {4 THQ 38 /T 1, 3K W]
ANHEAE B 14 e R XU

3 iTig

7 BRI TR R DR AR i i TR PR DR BRE TN R
— o FRIE B TS U, AR R R K 19.4%,

F2 RIERTIE] I B EREEFOLD IR BT ZE M Al A R SR 2RI (n=30)

Table 2 The concentrations of selenium(Se ), arsenic (As), mercury (Hg) and cadmium(Cd) in tea leaves as functions of harvest season,

leaf maturity and drying temperature (n=30)

Ty ¥ & Concentration/mg kg™
Variables Se As He Cd
A4 (WEF, 60 CHET) 0.88+0.15 0.28+0.03 0.020+0.001 0.11=0.01
Tender tea leaves collected in spring and oven—dried
RAEN]A] Harvest season (autumn) 0.74+0.15 0.80+0.09%* 0.029+0.001%*%* 0.05+0.00%*
I A Leaf maturity (mature) 0.98+0.14 1.50+0.04%* 0.011+0.001 % 0.14+0.01%*
15l IELE Drying temperature (pan—fired ) 0.27+0.09%* 0.27+0.05 0.018+0.001 0.10+0.01

T RN AL B Z A (135 22 57 (P<0.05) 5 3R AL P2 (AT B 25 28 5 (P<0.01) o 3FMARFIIY Y 60 CHET I FEZRIEA T 1 38 70 Hr o

Note: *Indicates significant differences between treatments (P<0.05); **Indicates very significant differences between treatments (P<0.01).

Independent samples t—test was only conducted between the tender tea leaves collected in spring and oven—dried at 60 °C and other three treatments.
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