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Lead Uptake by Plant in Soil-Plant System at Lead-Zinc Deposit Area of Western

Hunan Province

LI Yong-hua, YANG Lin-sheng, JI Yan-fang, SUN Hong-fei, LI Hai-rong, WANG Wu-yi
(Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Contents of lead in several crops as well as its uptake and distribution by paddy in typical lead-zinc deposit area of western Hunan
province were studied based on field systematic sampling and laboratory analysis. The average concentration of lead in rices maize and soy bean
in the deposit was 2.4, 1.2 and 3.3 times higher than that in control area, respectively, suggesting that crops in the deposit were heavily
contaminated by the element. Significant difference of the lead concentrations in crops was found among different crop species and different
organs of the same crops. The average concentration of lead followed the trend: soy bean > rice > maize (among crop species)s and root >
haulm > seed Camong organs). Paddy root exhibited strong binding and tolerant capacity to lead. Correlation analysis indicated that soil lead
was main retention in paddy root» whereas the gaseous lead might be the main source for lead in the aerial part of crop. Heavy metals such as
Hg, Cd as well as Pb co-enriched in crops, therefore the mechanism and health risk of the combined pollution of heavy metals in the deposit
crops should be paid attention to.
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Table 1 Analysis result of physico-chemical parameters and Pb contents in the tested soils

KAER pH OM/g*kg ™! m’.ﬂ?””% TR Pblpgrg™!
AR A HRE

WG EYVEED X 7.09 £0.50 22.70 = 8.75 42.26 £ 14.99 44.71 £11.51 13.03 £ 12.63 792.69 +507.81" ¢

ol X 7.24£1.09 23.23+11.03 38.77 +8.67 45.09+11.29 16.15 + 10.99 59.58 +19.33

1) BVEEDT DRI DA 3R AR B 00 15 M 63 BUE SIS E R = BdE 22380 » « o o MR W PEK-FIE E] p < 0.01
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Table 2 Summary statistical data for contents of Pb in several crops at the Pb-Zn deposit and control area/pg*g”

BT IX IR X ¢ fr

1

R BIMH bRtk 7 FEAEL K1 bRk FEASL ¢+ 1 p
TR 1.23 0.55 15 0.51 0.29 6 3.03 0.007" "
EPN 1.02 0.43 14 0.82 0.41 6 0.85 0.415
85 2.51 0.69 8 0.76 0.79 6 3.61 0.007"~

D x o« oK o R W MK IR E] p <0.01
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Table 3 p-test for normality for the distribution of Pb concentrations in crops
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Table 4 Pb concentrations in different organs of paddy at the Pb-Zn deposit and control area/pg®g”

. é’n%eﬁfli xJH”IY WX 50 Ph &5 K
BifH bRtk 2z FEAEL ¥ FrifE 2 FEALL 18 P
TEAR 300.60 149.20 15 28.55 15.75 6 3.42 0.042
TEF 11.25 0.98 15 7.51 6.59 6 0.79 0.511
TR 1.23 0.55 15 0.51 0.29 6 3.03 0.007

/KRG L Ph & AR AT R K P K Ph
ST, 85 R R AR ph S
Pb & &I IEAHK, yepw = 0.272x g — 2.969
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Table 5 Correlation coefficients of Pb contents between different

organs of paddy and Pb species in paddy soils

W RS BEELS G- o iey
Pb Pb Pb Pb
FEHR Ph 0.01 0.99" % 0.99"* 0.99" ¢
B Pb -0.07 0.39 0.32 0.38
K Pb 0.19 0.32 0.09 0.15

D % x ZORBEEEAHK(p <0.01): * KR BFMHKL(p <0.05);
FEAS n=15

ANF DR IEAE K B B G ALSE 18 TR
HIG USRI TR 6. HE 6 45 Rl W, BiFFnIX
AR 0 2R I3 FE AR AR OKORT oK 2 MoRi b e A AH
), FL AR W R AR TS P(2x 107°) > Mg(1
x107*) > Ca0.5~ 1% 107*) > Na~ Fe ~ Zn ~ Mn(1
~2x107°) > Al(2 ~5%x107°) > Cu=~Ph(1 ~ 2 x
100 >Cr(2~11x1077) > As=Ni(1~4x10"") >
Cd~V~Se~Hg(5~30x107%) > Co(2 ~ 10 x 107*);
A LiEE LS S N/ R P AL A R R7 W v s S R S
A EFEEE RN, 2P Few Naw Mg+ P+ Mn. Ba. Zn
SEICHE M TR R0, M Cas CusNi 1175 519 ik
JEH R b 1~ 2 M

%6 HREARMERETEMTENTHE B/ gy

Table 6  Concentrations of multi-elements in different crops at the Pb-Zn deposit and control area/ug*g™"

X 5k WEmR  FEAR% Al Fe Na Ca Mg P Mn Cu Zn
i GER S 15 5.68 17.75 20.06 119.75 1017 1982 14.90 1.41 16.90
?5 Tk 14 2.46 8.56 14.37 75.26 909 1974 14.78 1.28 19.96
X L 8 3.78 66.61 73.64 2667 2361 4694 29.15 15.76 49.13
b LERS 6 5.68 14.92 18.86 109.45 952 2334 17.77 1.97 16.26
i B/ 6 5.90 18.85 17.27 65.62 940 1794 5.91 2.21 18.65
a W 6 10.79 65.54 71.73 2252 2202 4493 24.85 17.01 37.94

XL OB FEAHL Co Ni \% Cr Cd Se As Hg Pb
B (P 15 0.07 0.36 0.06 1.06 0.12 0.03 0.15 0.06 1.23
fuf FK 14 0.05 0.21 0.05 0.22 0.05 0.03 0.08 0.06 1.02
[ WY 8 0.08 3.68 0.16 0.86 0.18 0.08 0.10 0.25 2.51
%} (PN 6 0.25 0.47 0.23 0.67 0.06 0.07 0.25 0.04 0.51
i EK 6 0.07 0.38 0.26 0.22 0.03 0.02 0.06 0.02 0.82
& B 6 0.09 2.78 0.55 0.42 0.08 0.06 0.11 0.03 0.76

LEA R o T P P/ NN 5 NNy iR ARSI A7 Wive U =317
FRALCETCRAED X 5550 DO & 5 B I e AED 71
T 7 MY R B R BN, KT Ph >
Cd > Cr > Hg > Fe > Ca = Mg = Na = Zn > Al
> P~ Mn>Ni>Cu>As>Se>Co=~ Vs XK
H:Hg > Mn > Cd > Se > As > Pb > Ca > P >
Zn > Cr > Mg > Na > Co > Cu > Ni > Fe > Al

V, 3G H:Hg > Pb > Cd > Cr > Se = Ni >

Zn > Ca= Mn > Mg > P = Fe > Na = Cu = As
~ Co > Al > V. 55X ARG, 88N X oK
Pb.Cd- Cr- Hg 55 B & & 5 CE R E0 00 8 2,41,
2.00.1.58+1.50), V. Co~ Se 25 W i 5 433 (F= ik R EI>
A4 0.26.0.28.0.43); FKH Hg Mn. Cd. Se 55 W] it
B CERE 50 3.00.2.50.1.67-1.50), V.
Al Fe 25 W] W75 #0 CF 6 RELSF 000 0,19, 0.42.
0.45); 2 5.1 Hg Pb~ Cd- Cr 55 B W & 22 CE 6k R 4L
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(510 Cd(49). Ph(48). Cr(40)+ Ca(36)+ Mn(34). Zn
(32).8e(32) Mg(29) P(27)+ Fe(24). Na(24). Ni
(23)7As(22).Cu(15) ALC13) CoC 11D V(3D . AT I,
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Table 7 Enrichment coefficient and factor score of the study elements

in various crops compared with the control area

P F R H W ¥135
Ak EK O mE O Kk EBK W
Al 1.00 0.42 0.35 9 2 2
Fe 1.19 0.45 1.02 14 3 7
Na 1.06 0.83 0.95 11 7 6
Ca 1.09 1.14 1.18 13 12 11
Mg 1.07 0.97 1.07 12 8 9
P 0.85 1.10 1.04 8 11 8
Mn 0.84 2.50 1.17 7 17 10
Cu 0.72 0.58 0.93 5 5 5
Zn 1.04 1.07 1.29 10 10 12
Co 0.28 0.71 0.89 2 6 3
Ni 0.77 0.55 1.32 6 4 13
\ 0.26 0.19 0.29 1 1 1
Cr 1.58 1.00 2.05 16 9 15
Cd 2.00 1.67 2.25 17 16 16
Se 0.43 1.50 1.33 3 15 14
As 0.60 1.33 0.91 4 14 4
Hg 1.50 3.00 8.33 15 18 18
Pb 2.41 1.24 3.30 18 13 17

2.4.2 R 2 M OC S ] BT AT
ARE— PR DO Ph IR HAth 7T 2 1R (1)
FHE DGR, AW G J B 0 9% 1) R ——FE K A
i, V. | STATISTICA® 6.0 H & K J7 % Jig #% 1%
(varimax rotation) X F& K 7 18 il ik yo 28 4T £ ik
X DF o AT AR G 38 1K 6 4y T F o B 5 R ——
D]~ 8 i 222 1 R DR A B R 1) L P T 1 m O,
XAEK 18 MICE BB 70 4 X: Hg. Fes Pb. Cd-

AlNa FE[FRIFY BEEE 1 X5 Nis Cus P~ Zn Mn- Cas Mg 41
B 2 X5 TG AsvSesCon V IERER 3 X5 MJGH Cr
PR B 4 DX, 7 T I 3 X 2 Ah SR X
T TR U A 43 AT 32 22 i IR 25 (R4, BOAT DX
FRE P FORIE RAT 2 U5 P SR 2GR OSTE 2 1
X 4 J8 Hgs Cdw P (M X Rl AR5 KR —
T3 1T W VG EYEERT X P Hgs Cd Ph 45 AT AE AT L
IR TR s 53— 5 T, 25 T KO Hh Hgs Cd.
Ph &5 5 = o RS, A S T BT R R
H 428 Hg Cd-Phb S5V L 0 i KRS 5T

Factor 1

1 HRETRERPTENEFRESH

Fig.1 Projection of the factor loadings of variables on the

factor-plane after varimax rotation
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