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Abstract: It has been identified that a high geochemical background of some heavy metals including Pb exists in the southeastern
part of China. There is a potential eco—geochemical hazard risk from heavy metal mobilization caused by soil acidification due to
acid precipitation and improper manure. The main production area of Tieguanyin tea was selected for this study. Surface and sub—
surface soils as well as tea leaves were collected from totally 79 tea gardens. Heavy metals in soils and tea leaves, major elements
and physicochemical indicators of soil samples were determined. It is found that Hg, Pb, Se and Zn in tea garden soils are higher
than their geochemical backgrounds of national soils, and this is attributed mainly to soil —parent rocks controlled by geological

setting. However, soil properties including particle composition, organic material content and pH also play important roles in trace
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element concentration. Some non—nutrition elements for vegetation including As, Cd, Cr, Hg, Se, Pb and F are accumulated in

matured leaves compared with their values in sprouts. Nutritive elements such as Cu, Ni and Zn seem to accumulate in sprouts to

meet the demand of tea growth. Although the relationships between soil and tea leaves are quite complicated for most elements,

there exists obvious positive correlation between soils and tea leaves in Cr and Pb content. This discovery provides the mathematical

basis for establishing a model for forecasting lead impact on ecosystem.
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Fig.1 Location of the study area and sampled tea gardens
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Table 1 Average concentrations of elements in surface soils of tea gardens according to geological settings

AE a9l mKi kpyKy 70K

yK K, K, ety

T HR 4 [F161 Max/Min
sS4/t 144F 2/ 21 14 14 144 /M 79/

As 93 4.8 4.1 43 7.7 3.9 57 56 79 82 24
cd 76 100 44 99 55 78 108 91 80.7 120 25
Cr 194 183 29.0 64.9 279 16,5 15.1 31.7 212 51.8 43
Cu 106 10.8 15.6 16.7 6.1 10.8 118 16.2 11.1 182 28
F 336 274 238 307 261 283 295 284 317 424 14
Hg 88.5 633 34.7 479 63.9 36.4 529 51.0 783 33 26
Mn 445 322 375 371 170 608 453 548 424 586 3.6
Ni 74 6.1 12.0 215 79 75 58 17.0 8.1 217 3.7
P 430 473 236 455 1072 291 315 750 454 573 45
Pb 74 56 29 48 15 31 47 38 65 233 4.8
S 211 157 188 301 192 194 177 202 202 261 1.9
Se 0.54 0.32 0.38 0.76 0.87 0.47 0.25 0.57 0.50 0.29 35
7n 74 44 52 88 42 55 76 88 68 53.9 2.1
7r 256 229 559 277 243 397 402 450 273 302.3 24
SiO, 63.9 64.9 54.9 54.1 512 61.4 72.0 574 63.2 65.3 14
ALO; 1758 1792 2219 2163 2545 1874 1358 1967  18.03 1275 1.9
TFe,05 428 265 5.20 5.77 3.55 4.49 3.46 5.32 4.09 375 22
MgO 0.26 0.16 033 0.34 0.18 0.43 0.18 0.34 0.25 131 28
Ca0 0.09 0.11 0.05 0.14 0.04 0.30 0.10 0.09 0.09 277 7.0
Na,0 0.07 0.19 0.07 0.07 0.02 0.23 0.05 0.10 0.09 1.99 10.0
K,O 1.56 242 132 1.34 0.48 241 145 1.33 1.69 2.64 5.1
Corg. 1.34 0.87 0.73 1.20 0.77 1.40 175 1.26 1.23 132 24
TC 1.50 1.01 0.79 1.28 1.05 1.41 1.84 1.42 138 1.71 23
pH 46 49 5.0 48 45 49 49 4.8 4.7 1.1
CEC 8.27 5.94 6.96 6.00 1120 797 8.46 9.95 7.89 1.9

E: Jov— W bR P HEREAR PR TR L JOLRE TS s Eyds— Wbk B E AR AE B s oK — R T R AR kpyKi— TR 1
AR AL B 7 yOK — AR B N A2 yK - PR B AR R A S Ko~ 2 HERIAR PR ik L s R Kl £

TR R 2 I U Ko~ W S TN S 8 T, I LIS DR R e

GRS R SRR R E

Si0, . ALOs  TFe,0; . MgO .Ca0O Na,0 .K,0 ,Corg. .TC *4 107%; CEC & cmol(+)/kg; pH JGH44; Cd .Hg }y 10 HAcZ 10,
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Table 2 Average concentrations of elements in sub—surface soils of tea gardens according to geological settings
K kpyK >
P Jyv &ls K pyKi 7K K K, K st SEY Mao/bin
safft 14t 2k 2/ /1 1/1F /1 ant 79k

As 10.0 4.5 4.8 5.0 6.8 39 59 53 8.4 82 2.6
Cd 71 100 47 89 41 68 100 68 76 120 25
Cr 20.0 17.7 28.0 66.3 24.6 19.3 15.0 326 21.6 51.8 4.4
Cu 10.1 10.1 182 173 4.6 10.1 9.7 14.0 10.6 18.2 4.0
F 326 249 225 283 246 234 290 239 301 424 1.4
Hg 749 87.1 374 64.2 106.9 40.4 579 67.9 752 33 29
Mn 448 353 341 325 156 641 429 509 427 586 4.1
Ni 7.4 6.2 14.3 219 6.7 6.6 52 16.1 8.1 21.7 42

P 356 367 193 419 436 261 253 741 374 573 3.8
Pb 72 65 33 50 14 30 43 35 66 233 5.0

S 199 154 183 300 205 175 152 199 193 261 2.0
Se 0.48 0.27 0.37 0.66 0.69 0.49 0.19 0.54 0.45 0.29 3.6
Zn 74 70 57 90 39 50 71 80 73 539 23
Zr 257 227 454 259 227 386 410 444 269 302.3 2.0
Si0, 63.9 65.4 555 51.6 499 62.0 722 579 633 653 1.4
AlLO3 17.74 17.90 21.81 2232 25.95 18.29 1391 20.42 18.19 12.75 1.9
TFe,O3 427 2.79 5.20 6.07 341 443 3.70 537 4.12 3.75 22
MgO 0.28 0.15 0.32 0.33 0.19 0.45 0.18 0.35 0.26 1.31 29
CaO 0.09 0.11 0.05 0.13 0.04 0.30 0.07 0.09 0.09 2.77 7.0
Na,O 0.07 0.18 0.06 0.07 0.02 0.23 0.05 0.10 0.09 1.99 10.0
K>O 1.61 2.44 1.14 1.20 0.54 244 1.46 1.40 1.72 2.64 45
Corg. 1.10 0.82 0.52 0.96 0.82 1.13 1.18 1.17 1.03 1.32 22
TC 1.18 0.88 0.57 1.06 0.91 1.17 1.35 1.20 1.11 1.71 24
pH 4.6 49 49 4.7 4.4 49 4.7 4.7 4.7 1.1
CEC 8.39 5.69 6.44 7.88 8.22 7.73 5.86 11.36 7.96 2.0

T 32 M AR S A S AR IR 1

2) HHEOTER A A FHE

FIFH 79 143 2 A5 A 3ERE 5 1 25 T8 b EicHie
BEAT IR o0 . SR HA Kaiser B 4L 1) 1F 22 i
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Table 3 Principal components matrix after rotation extraction of geochemical indicators in surface soils

L% e AN 15532 3 B4 s 15536 %537
As 0.579 0.348 -0.155 -0.014 -0.224 0.002 -0.138
Cd 0.061 0.260 -0.295 0.387 0.638 0.013 0.014
Cr 0.335 0.765 0.263 -0.079 0.125 -0.068 0.086
Cu 0.031 0.785 -0.128 0211 -0.059 -0.110 0.261
F 0.566 0.201 -0.121 0.523 -0.094 0.311 -0.026
Hg 0.026 -0.072 -0.018 -0.063 -0.082 0.018 0.839
Mn 0.035 0.040 0.205 0.819 0.137 0.078 -0.066
Ni 0234 0.777 0.403 -0.023 0.118 -0.068 -0.011
P 0.116 0.471 -0.021 0.027 0.011 -0.080 0.739
Pb 0.027 -0.011 -0.131 0.804 0.029 -0.093 -0.028
S 0.520 0.395 0.498 0.176 0.011 -0.294 0.202
Se 0.726 0.358 0.364 -0.033 0.027 -0.002 -0.065
Zn 0.097 0.052 0.361 0.714 0.268 -0.240 0.104
Zr -0.130 0.587 0.225 -0.010 0.151 -0.169 -0.092

SiO, -0.216 -0.260 -0.894 -0.073 -0.001 -0.011 -0.007
ALO3 0.080 0.099 0.873 0.010 -0.029 0.026 -0.054
TFe,03 0314 0.538 0.550 0.363 -0.194 -0.043 0.041
MgO 0.392 0.439 0.456 0.302 -0.095 0.295 -0.059
CaO 0.047 0.024 0.125 0.229 0.793 0.067 0.130
Na,O -0.207 -0.087 0.175 -0.175 0217 0.748 0.098
K,O -0.170 -0.254 -0.124 0.050 0.015 0.844 -0.125
Corg. 0.854 0.009 0.130 0.024 0228 -0.243 0214
TC 0.857 -0.046 0.164 0.084 0.209 -0.235 0.165
pH -0.094 0.023 -0.060 -0.085 0.828 0.100 -0.285
CEC 0.722 -0.012 0.199 0.111 -0.296 -0.095 -0.019

2 i (H R B A 1 2~4 1%, B 2 A 2535 10 4%
(Na,0)o AR, Hb T 15 5 — A A A 4 U= i 4 +
BOTRA MM EERNE,

2) +HEEAL R

AT A9 PR F 20 M 2 S mT DA B, 3R
BT SoCEHER LA A AN, T RE T
RWE LGRS T PR EES
Ko MFEATIL, HIEREICR 5% B4y R
fEAR AR IR B V) 6 R, HARE I (1) As Cr.Cu,
F.Mn.Ni.P.S.Se.Zn.Zr £ 5 + 3 Si0O, & 1 A7 5%,
1M 5 ALO; . TFe,0: \MgO ., Corg. .CEC £ 2 1EAH X .
2 AW, LIV Y Si0,. ALO; . TFe.0;
MgO 41 B AT LA fz ke - 38 o b R 4 4 BRRAE", IR
Si0,. 5 ALO; . TFe,0, . MgO (1) + 3 5 Hb A 20, & &
FEu Y AR AR AL DL R E R TR
1) I €0 ™ 1), PH S - 28 4t (CEC) S Xt BH FH 25 1
4 8 B RE 7 i o 0 G, A 5T R A ALY
—SH . —NH. A1 fiE 5 Pb> I lifa e i 4 A4, -3
PO, .COs* \OH % [ B+ 1] 5 Pb> B s fiff BEAR /N

() IEER 52 ER R =R, K 04 nl 28 3c A
FHTT R B Pb, MM Pb [ I 5 4 F 10, s
I, S.P.Se.Zn SF— Ay L R A Bk SR A ML Y
FEEAMITE ., HI, X—IoEZ A9 F T
- 58 b K AT BT AR O (2) Fh TR M S 14
T Cd I SR I 5 bRk, T - SFE AR R ) Cd
WG R B A e, 3 Cdvk 5 13 CaO
pH 2 W E IEA M.

3 RMICEREERFE

FSHNH T ARUCR IR 79 14548 b (56 14
AR 23 2R E 4R S e R & FIE P
B AL R o X HE AT UL, R As Cd L Cr,
Hg.Se .Pb .F & &t B i T 04, Horp Cr . Pb F -
PR W 2.5 5 2L B, @R B o R
fiEo WO Cu NI T, Zn ¥R ER . &
SRIG AT 4 TG Cr F AR, (HEM R E S FX TR
TR RG5O X OB UL, TS F 3 AR AR T %
FER U
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Table 4 Correlation coefficients of trace elements with major elements and physicochemical indicators in surface soils

Si0, AlLO5 TFe, 03 MgO CaO Corg. pH CEC
As -0.115 0.040 0.280* 0.278* -0.120 0.334%#* -0.161 0.372%*
Cd 0.077 -0.108 0.023 0.078 0.494%#* 0.122 0.501%** -0.123
Cr -0.475%%* 0.288* 0.589%* 0.464%* 0.123 0.392%* 0.011 0.193
Cu -0.155 0.009 0.448%* 0.246* 0.043 0.127 -0.131 0.057
F -0.138 0.037 0.395%* 0.533%* 0.087 0.349%* -0.082 0.469%*
Hg 0.039 -0.057 0.008 -0.059 -0.023 0.116 -0.196 0.012
Mn -0.228%* 0.148 0.376%* 0.321%* 0221 0.079 0.091 0.097
Ni -0.572%%* 0.397**  0.657** 0.542%* 0.106 0.306%* 0.064 0.175
P -0.187 0.068 0.279% 0.182 0.122 0.257* -0.167 0.152
Pb 0.011 -0.045 0.171 0.068 0.146 0.075 -0.011 -0.012
S -0.645%%* 0.456%*  0.722%* 0.500%* 0.129 0.648%* -0.215 0.366%*
Se -0.565%%* 0.417%%  0.559%* 0.538%* 0.036 0.630%* 0.009 0.499%*
Zn -0.346%* 0.220 0.473%* 0.337%* 0.435%%  (0.292%* 0.045 0.166
Zr -0.264* 0.139 0.403 0.333%* 0.158 0.057 0.135 0.022

e *N=79, EAF R 95%IT, T E I, ** N=79, B AR R 9%, K,

SR E SR A L, oS 2 AR (—
ZF I R UCGE I, R B AR TR (5 <
10°°), BT BE R /INT 1< 107, R4k B AR T
B B, AL 1A AR B A R 2% 107, 10
WS 250 A B | A . o RdaE
BRI A8 A AR BRI R (>2 %107, B T 5 44
RS HEBGE MU KA G YA A, iR T RE 5 45T
P TR g kI 4 6, mAREM hE 4
Ja& Pb e B AR H 3R [ 2% 4 BR B bm o, (H A i
AWM R ESEITR EMULTRITRIKEER,
FH BN TR B S I PR B i T s

AR A U I PO 2 P R 2R S R E 1
RS RE SR R 65%10°°.66x 107, B I & T4
MR 5 R Z I 36.4x107°.32.2x10°°
() 5 s KT, (E S A B A I B AR T N i
KB WHFRAHE 2R R AT B ZOR RN, K
ST G R SR AT I KBS A R PR A 1
FE L R O T AR AR I X T S T A
SE3E T2, N AR R AR S AR, R g
SEMI /)N, 13X A] BE SR A UM 5% H 2R 2 25 I & 1
AR I A BT AE

TR A M ik 2 ot, it R S A
A F>Zn>Cu>Ni>Pb>Cr>Se>As>Cd>Hg Y #L &, 5

PRI AR H X A5 on F i HEJP (Zn>Cu>Pb>Al>
Cd>Fe)—3(", )XW T #b7E T0 2 & i PR (F ) 1Y)
S, DL A HAG 10 2 BRI

HHEETS eA00E S 5 H, Yol At
(HE)H As.Cd.Cu. Zn H T HE T SR, Cr.Se
MRAR, Pb & AR, 58S T RE TR S M
B o S5 () As .Cu . Zn %87, Cd .Cr . Pb
BAIG, Se S . 57 A RIBARTZIREE LY
FHIR A A A S M ) MR Ak 27 v 15 5 X AR 2R A
PR R 25 Cd L Pb ., Zn 7k BE B B AR, Cu ik
FEPIE ML, 57 T OIS A SR AR HE, B
Z5 e Cd  Zn B 21K, Cu Pb e BEAHIE .

4 BHE-SRMEDUR SR RR

41 TE-ZHTEIBEN

B R TIE-HY RGN IOTR IR RE(TF-
Transfer Factor) K R AEAE Y% 35 50 Z A9 fic 2R
eI

TF(%)=[MYIC R W& (T E I/ TRk
JE (T 1)]x100

Ko/ T HIE-FKHRETHEESIREFTEDY
TR WA W (1) T8 2 A i 2 Ok
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Table 5 Statistical parameters of trace element concentrations (107) in tea leaves
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=23)
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=89)

wE (N=15)

SRDA

0.03

wAME o wAN T

SRDA

wAM T

WA T PR /ML
0.01

/M

0.01

0.01

0.005

0.04 0.04 0.01 0.06 0.03

0.08

0.03 0.04

0.08

As

0.21

0.06

0.07

0.005

0.071 0.027 0.025

0.010

0.078 0.036 0.031

0.018

0.010 0.078 0.030 0.027

Cd

792

52

0.47 023 0.22

0.17

1.61 0.74 0.65

0.33

0.17 1.61 0.38 0.24

Cr

10.22

11.4

0.3

0.9

6.56 18.21 11.21 11.35 6.56 13.34 9.57 9.03 8.56 1821 11.88 11.94

Cu

138

193

700

26

500

519

700

165

700 288 233

26

0.002 0.008 0.004 0.003 0.004 0.008 0.006 0.005 0.002 0.005 0.003 0.003

Hg

6.51 2.65 223,

1.00

4.05 221 2.01

1.10

1.00 6.51 2,52 220

Ni

0.44

0.74

2.01

0.4

0.99 0.37 0.30

0.15

0.15 2.31 0.62 0.42 0.57 231 1.25 121

Pb

0.06

0.09

0.121 0.063 0.059

0.029

0.029 0.161 0.073 0.066 0.066 0.161 0.097 0.094

Se

82

23.93

12

34

12.68 34.34 19.04 18.13 13.54 23.15 17.48 17.34 12.68 3434 19.67 18.65

Zn
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ARBEAT I, A Zn 25045 F 0 1 A0 )
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RINTT RSB AR T 14T . R 5T 2 I A 7R A
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Table 6 Transfer factors of elements in the soil—tea leaf system
As Cd Cr Cu F Hg Ni Pb Se Zn
EALYE SN /M 0.15 16.0 125 38.6 318 291 73 057 48 6.9
K AR 244 100.6 1123 3431 417.6  24.76 57.1 7.10 704 75.5
M 077 474 3.41 1131 1799 1111 232 303 191 312
LREA 0.61 436 237 822 170.9 10.78 19.7 287 146 26.8
/3% 1 M 0.07 79 024 19.7 5.7 025 12.0 0.14 59 6.9
BOKAT 173 949 542 3721 2903 1407 1104 241 625 1190
S 0.60 414 2.04 156.7 70.3 5.18 49.1 078  19.0 37.1
LREA 0.48 379 1.83 150.5 51.1 473 473 065 175 36.1
AL N S ZNE 0.14 28.6 125 355 348 3.66 6.5 054 56 6.3
K AR 223 1149 1573 3885 4347 17.59 56.0 712 726 80.2
T 075 567 3.73 1200 2023 9.16 230 298 212 307
A 063 560 2.04 88.8 189.6 8.58 187 295 137 261
oy 1 /M 0.06 6.6 023 259 52 1.03 129 016 59 7.5
K AR 255 1041 7.50 7385 309.7 9.75 1268 263 928 1582
S 0.64 42.1 2.09 170.3 73.6 443 52.0 076 221 354
LREA 0.47 378 1.82 1552 505 4.10 455 062 205 345
RTFEH-TETRSEEXERY
Table 7 Correlation coefficients of trace elements between soil and tea leaves
N As Cd Cr Cu F Hg Ni Pb Se Zn
F5E 1 79 0207 0267%  0513% 0167 0127 -0.097  0.145 0.099 0.317%%  -0.029
FMS5WERL 79 0224 0210 0.539%*  0222% 0209  -0.125  0.137 0.095 0.318%%  0.004
FAIEF = 23 0379 0.380 0.630%*  0.495%  -0438  -0.033  0430*  0.105 20082 0304
THH5WERL 23 0385 0469%  0.676%% 0522% 0448  -0093  0452% 0083 20.099 0344
ot 5%k L 56 -0.002  0292%  0.037 0.149 -0.171 -0.047 0.241 0.580%*  0.197 -0.125
W5 WERLE 56 -0.009 0253 0.019 0.231 0183 0122 0241 0.583**  0.145 -0.099

TE: *IEARG, o+ B IEAR G

TG MRS R AR AR P e 32 340 5 47 it o B L TR
A0 FHOTRIEE DL ICE R 5,
ENIQLE Y 2 e AR SRR T E S
FHOCHE, (A4 5 R R AEAR M AR Y]
B F T OO 2R R ), 32 KA DTRER T35
i /)N, PRI 55 - 984T HLAT 8 0 A R O 1 i & A i
KIRE TR, C2 38— BENRIUIEST
s, ECR S RS B BB A, A
W58 & L) Po(Bi) . Cr(& M) 5 13 Pb . Cr BAT
3 IR A DG, 5 R 2R (2012) % 4 i i 3R A4S Pb
HICrP A1 I 25 (2003) X W VT A5 - PR it BF 5% 4%
AR, 2t 5 T HAA W A O,

Shy 3 ST A TG Y AR SN0 RO P AR T
FERACHE
5 45 1®©

A A X A AU 2 el A RN S I SR A 4y
Mr, BT F 2

()54 E EHOT R S A E, fRE gl 4%
fil +- 4 Hg \Pb .Se . Zn F i, RZ L ES
@5 Yot B EEANE, H 5 RERsa
%, FeM + 1 Po & i 4 SR b ERAL 2 T S AR
T BEA L ER AL F IR BT P . A A R
JE Al %% Ca Mg Na K [RRE, 2B 1 1 34 A
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