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Heavy Metal Contamination and Transportation in Soil-Tea Leaf-Tea Liquor System in Two Tea Gardens of
Guangxi

ZHOU Yu-chan, LI Ming—shun

(School of Environment and Resources, Guangxi Normal University, Guilin 541004, China )

Abstract: Tea is the most popular drink around the world and its quality and safety concern human health directly. Extensive soil and tea tree
samples were collected from two tea gardens(a noted tea garden in Guilin and a mineland tea stand in Bayi Mn mine )in Guangxi to assess the
heavy metal contamination level and probe the metal transportation among tea garden soil—tea leaf—tea liquor system, and based on these, to
evaluate the suitability of tea plantation as a restoration mode for Mn mineland. The concentrations of Ca, Mg, Cu, Zn, Mn, Pb, Cd, Cr and Al
in garden soil, tea tree and tea liquor were determined by ICP-AES. Results showed that both the two tea gardens were short of nitrogen and
phosphorus. Soil in the mineland tea stand was heavily contaminated by heavy metals. Except for Mg and Cu, concentrations of other seven
metals in mineland tea stand were much higher than those in Guilin tea garden. Cr level in mineland and Cd levels in both sites exceeded the
prescribed values of Soil Quality Standard(Grade II ). Zn, Pb, Cd and Cr were mainly stored in the tea root and stem, and Ca, Mg, Mn and Al
in the tea leaf, while Cu was more evenly distributed within different tissues. Regarding the dissolving rate in tea—making process, Ca, Mg,
Cu, Zn, Mn and Al levels in the tea liquor increased as the time progressed; however, Cd and Cr levels in the liquor were neglectable and re—
mained relatively stable. Pb dissolving rate from tea buds was slower than that from mature leaves. Tea leaf had stronger bioaccumulation for
Ca and Mn. Because Cd and Cr concentrations in the mineland tea stand exceeded the Soil Quality Standard (Grade II, recommended for a—
gricultural cultivation ), and the high Mn and Al levels in tea leaf might threaten human health through dissolving into the tea liquor, tea
plantation was not suggested as a way to reclaim the Mn mineland at early restoration stage.
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J [ 4.06~5.80, SEEGFRME, FEAE AR I IE R A
K, MRPRAA pH (EARXT LEAEAR PR 4 AR — 2t
AR L 28R 4 e XS AP Ak, IR HL SR AE
44.91~77.09 uS-em™ Z [0, ARFx £ 1 R E AR PR
TR . X AT REER SR AR A HLER I /A R o R
P N R AL A T bR i ——( SR e B 5 7 1
IBERARZLAE) A BLAS bl - I8 T 53 b
(NY/T397—2000), A5 + A PR & =483 T
I R0 RARHE(>20 g-kg™) (H S ZEbd 4 N & &
BAK, RAFE MR 2 ME(<0.8 g-kg™), L 25 el 1)
2N FRikE] T L riE(0.8~1.0 g-kg™), A4S
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Table 1 Soil properties in the tea gardens(Mean + SE,n=3)

T4 pH  ESH/pS-em™ 4 N/gokg! 4 Plg-kg! AHLF/g ke
SA 4.90£0.09 64.33x1.45  0.63:0.02 0.60+0.04 36.58+0.31
SB 5.14+0.02 52.33x9.94  0.65:0.01 0.64+0.03 35.92+0.41
SC 5.73+0.07 54.33x1.20  0.79:0.01 0.69+0.03  43.00+0.58
LA 4.08:0.02 7533176  0.87+0.01 0.51x0.01 35.37+0.02
LB 427+0.02 56.00+3.06  0.99+0.02 0.41x0.02 43.67+1.65
LC 4.29:0.01 46.67+1.76  0.88+0.01 0.53x0.07 36.07+3.29

22 FETENEETERE

PiZShe 4% 9 Fh @ oo R o i AR 2. AR IKIE
CAPLZE P A5 25 ) (NY5199—2002 ) K 1] 7 , PR
AMAHE T Cd SR miT kT ARIEE (<0.20
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Table 2 Metal concentrations in the tea garden soils(SE in parentheses,n=3)(mg-kg™)

13 Ca Mg Cu Zn

Pb Cd Cr Al

SA 556.80(17.53) 916.25(15.01) 18.53(0.37) 68.62(4.88) 554.05(26.60) 32.47(3.21) 2.57(0.18)
SB 661.55(48.17) 864.80(5.55) 18.30(0.34) 71.84(1.89) 464.39(3.49) 28.83(2.24) 2.35(0.08)
SC 910.83(44.95) 858.95(3.75) 17.31(0.42) 88.88(9.56) 538.90(16.02) 28.27(0.96) 2.64(0.11)
LA 95.73(1.96) 982.90(17.64) 27.14(0.30) 25.95(1.59) 83.32(0.40)
LB 182.79(0.60) 882.51(5.50) 24.11(0.11) 26.09(1.42) 84.30(1.43)
LC 147.13(11.72) 902.83(6.68) 22.38(0.09) 23.28(2.14) 73.58(2.19)

161.45(5.75) 76 480.79(1 061.68)
164.01(5.12) 86 450.68(3 359.49)

157.61(6.96) 75 105.36(258.37)
16.08(0.13) 1.56(0.29) 73.47(0.38) 37 456.93(956.37)
16.53(0.75) 1.10(0.14)  73.75(3.00) 33 761.52(238.50)
17.48(0.22) 1.53(0.20)  69.80(0.57) 33 498.64(585.16)
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Figure 1 Total metal contents in the tea trees

25 4R TR i i S R R A LA O
ZWLF 3, Hip Ca Mg Cu Zn Mn Pb Al % H 5
AF ] OC R 4 AT DL sl th Sk ik , BAUG 7 #E
FIAHOC R B0 (P<0.05) ., Cd i Cr I AR H /N,
FEIE T 0, HL B[] B E AR AN K, 9 2 i) [|) 78
40 min AT, 2590 Cd Cr S 0A H ik H
IR AR IR B 1R IR ] (R A, B 257
Pb & EmE S TE M A, Al S RER 2 M 2R
TS 1R T

3 e

A W) s B £ %8 (Bioaccumulation Factor, BAF ) J&
YRR EME S ECR S LA E S
JEICE TN P, B R T AR S 4 e oo
RIYE LR E A REOBOR, H s A R R H]
WIS () 2 25 i RO M 4 JB e 2 & i S AR AR PR
TERTR F R E R R INER 4, RN
W WA 428 T & (Pb Zn Cu .Cd Cr Z) WY E W) &

SERBEER/NT 1o Z5HXT Ca Mn B AERE I8, ST
NI 58285 AR — 30, RS AR & i ALY i
AR ver , PRI b 4358 AL Y5 i 55 (533 000 mg kg ™),
HEERBARE N ERZEMXT AL Mn A7 B 58
EARRE S, RECL M B R, I o
iAo

TEZSMY Ph V5 ey, FREBHAT I 24 R
I " B BRAE , DA ER AT B AT e Ph A% BR O L
5 mg kg™ Ky FFR, 0 H AR R FRAESE 25 mg-ke™, iTE
KR AANSE 10 mg-ke™, KR Z 5 mg-kg™' o, ARG
(EE R, AR AT Y Cd (Cr &5 S AR 2 4 b
HEEFZ N, H Cd.Cr e h s ks /0, 24
HZSIFAITE 40 min LLNEE, Z57H 0 Cd .Cr &8
WA MK K 2 bR UERRE . AHZ, Mn (Al F2 %2
B ATE AR M T S R R, R
Mn Al (i AR S, 205 Mn Al & BRI
R R K R ebmife . BT E T B A8 K2 o
R AL, BT AE R IE A F 5 AL Mn 7 &



o 27 45 6 1 o W B B = o i 2155
D15F Mg
& LAREER S FlREH i M
O L2KFAsERT > S ZE R Z10 M
o g
Lgr Ca Z Sy eee®® gooood
o0 Q
§6M A’A’A_A—KA gO"""""""""""""'
2y oooooo ><><9<;<;<>< < 7102030405060 102030405060 102030405060 102030405060
< me .
= - Time/min
2 03¢ Zn
g -
gol'w‘rl | N I I | ) NS S S I S S S S I N N N [ | | I I I %D
“ 7102030405060 102030405060 102030405060 102030405060 202 ><><;<9<9<)<
Time/min 3 EHD4]4]J]I]
=0.1r o
.‘JOOSCu §0IIIIIIIIIIIIIIATATATA/IA:AIIIIIII
Z006} Zrzkikif%kik “ 7102030405060 102030405060 102030405060 102030405060
g “_‘/0-0—0 W - Time/min
2 0.04 20.061 Ph
=} o0
! i £
qgo.oz Soo}
Q Y N N N N N I N S | =
~ 102030405060 102030405060 102030405060 102030405060  E () ool
Time/min Cleeeed” Mﬂ
g0IIIIIII‘_'IIIIIIIIIIIIIIIIIII
S15¢ Mn © 102030405060 102030405060 102030405060 102030405060
a0 - Time/min
£10 KmHﬂA —20.015p Cr
S &
® ~
£s OO 2 001 JSSNNIN
g g
g O | N I I S | IDTD-ID—ID-ID—IDI | S I N Y N N N I I N I B | EOOOS
© 7102030405060 102030405060 102030405060 102030405060 g Y
Time/min S| ‘
g 102030405060 102030405060 102030405060 102030405060
- - Time/min
20.015p Cd L6071 Al
:
Z 001 =40
%0.005 .520
Q S
é 0 golllllllmﬂlllllllll)Wl
102030405060 102030405060 102030405060 102030405060 = 102030405060 102030405060 102030405060 102030405060
Time/min Time/min

B2 FXahEBETEIESRAMNENXR

Figure 2 Metal concentrations in the tea liquor with the tea—making time
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Table 3 Best—fit equations between the metal dissolving concentration from tea leaf and tea making time

. L 2RI 750t L 2 el et

oE WA ® P AR ko
Ca y=5.465 0-0.030 9x+0.047 7x° 0.982 0.002 y=3.446 7+0.452 1x-0.096 3x’+0.007 3’ 0.980 0.029
Mg y=4.004 0-0.043 3x+0.047 9* 0.965 0.007 y=4.244 0+0.126 4x+0.017 547 0.963 0.007
Cu y=0.036 0+0.002 6x 0.771 0.021 ¥=0.028 7+0.003 7x 0.852 0.009
Zn ¥=0.059 0-0.010 3x+0.002 3x° 0.941 0.014 Iny= -1.877 0-0.418 1/x 0.908 0.003
Mn ¥=2.229 0+0.000 8x+0.023 4«* 0.968 0.006 y=1.277 0+0.022 1x+0.008 4’ 0.962 0.007
Pb ¥=0.003 3+0.009 9x-0.004 0+*+0.000 5x° 0.952 0.041 ¥=0.000 2+0.010 5 Inx 0.854 0.008
Cd — — — — —
Cr — — — — —
Al y=19.994 0-0.579 4x+0.294 6x° 0.996 0.000 y=2.325 0-0.191 3x+0.044 5x° 0.973 0.005
B S FREEA S R

R BaJiE K B TR I3 P
Ca y=4.796 7+1.393 8x-0.420 2x’+0.043 1x° 0.994 0.009 y=2.290 0+1.325 1x-0.321 1x%+0.026 7’ 0.984 0.024
Mg ¥=7.990 0+3.059 0x-0.861 12*+0.084 24* 0.999 0.002 ¥=6.293 3+2.938 7x-0.696 64°+0.061 9’ 0.992 0.011
Cu y=0.050 5x " 0.869 0.007 Iny=In0.036 5+0.077 1x 0.857 0.008
Zn ¥=0.056 0+0.001 9x+0.000 7x* 0.902 0.031 y=0.116 7+0.058 5x-0.016 9x*+0.001 8’ 0.994 0.009
Mn y=4.813 3+3.779 8x-1.076 327+0.102 4« 0.999 0.001 y=4.529 1+1.163 6 Inx 0.982 0.000
Pb y=0.010 0+0.001 3x-0.001 32*+0.000 3x° 0.980 0.030 ¥=0.006 0-0.004 2x+0.001 8° 0.890 0.036
Cd — — — — —
Cr J— J— J— —_ J—
Al y=30.033 3+15.556 4x—4.091 0x*+0.374 1x° 0.987 0.019 y=6.123 3-2.971 3/x 0.975 0.000

R4 FHWIMEBTENENEERY
Table 4 Bioaccumulation factors of tea leaves

for the 9 metal elements

MM Ca Mg Cu Zn Mn Pb Cd  Cr Al

L ASFe o 32.82 1.02 040 0.58 4.93 0.03 0.01 0.02 0.01
L A5FE £ 70.59 0.87 026 0.02 10.71 0.19 0.13 0.03 0.12
S ZKBE i 539 143 054 0.19 1.82 0.05 0.03 0.01 0.01
SZkbE#nt 13.67 1.76 040 0.01 3.87 0.06 0.03 0.01 0.08

(A SR, B 2R bl SR GE A W) AR
4 ik

(DMl E R 5 et AL F & (0N
JTLENE P ILEZ,
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Zn .Pb Cd Cr Al #5207 X 2% [l i 2 5 TAEMR AR I,
FEFHESEEICE (Pb Zn Cd.Co)ER & TP+
BT Sl B X 25 B L0 Cr FIRIZS R 1A Cd 248
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