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Translocation and Accumulation of Heavy Metals in Soil-Paddy System at Fenghuang L.ead—Zinc Deposit Area
JI Yan—fang'?, LI Yong—hua', SUN Hong—fei'?, YANG Lin—sheng' , WANG Wu-yi'

(1. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2. Graduate
School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Fenghuang lead—zinc deposit is one of the major production bases of nonferrous metals in Hunan Province. The ores in the deposit
are characterized not only by base—metals content but also by the presence of other metals such as Cd, Hg and As as impurity elements. In—
tensive mining—refining operations and random disposal of tailings in addition to little governmental control cause heavy metals discharging
into argo—ecosystem, which may in particular cause a widespread occurrence of heavy metals in the entire food chain and bring a series of tox—
icosis symptoms in animals and human beings. Therefore, monitoring of those elements and understanding their behaviors in soil—-plant system
are critical to establish the risk assessment of local and regional ecosystems. In this study, concentrations of lead (Pb), cadmium (Cd), mercury
(Hg) and arsenic(As) in plough horizon soils as well as their translocation and accumulation by paddy in Fenghuang lead—zinc deposit area
were studied based on field systematic sampling and laboratory analysis. The average concentration of Ph, Cd, Hg and As in plough horizon
soils were 875, 10.70, 4.25 and 62.24 mg-kg™, respectively, which were 2.9, 35.7, 8.5 and 2.5 times higher than the benchmark value of
Grade II environmental quality standard for soil. The concentrations of Pb and As in local paddy rice were 2.0~7.7 times and 0.9~2.9 times
higher than those in the National Environmental Quality Standard for Grain, respectively, suggesting that rice in the deposit area was seriously
polluted by Pb and As. However, Hg and Cd contamination were less severe in local paddy rice. The average concentrations of Pb, Hg and As
in different organs of paddy followed the trend: root > leaf > stalk > rice, whereas the average concentration of Cd followed the trend of root >
stalk > leaf > rice. The concentrations of Pb, Cd, Hg and As in plough horizon soils were significant positively correlated with those in paddy

roots. Moreover, the concentrations of those soil heavy metals were positively correlated with the soil organic matter contents and sand con—
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tents but negatively correlated with the soil silica—sesquioxide ratio, silt contents and clay contents. Compared with the concentrations of

heavy metals in plough horizon soil, their concentrations in the leaf have higher correlation with their concentrations in paddy rice, suggesting

that, besides the uptake from soil, the translocation from the leaf was also an important transmitting channel for heavy metals accumulation in

grains in the study area.

Keywords: lead-zinc deposit; heavy metals; soil-plant system; translocation; accumulation
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Figure 1 Sampling locations in the study area
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Table 1 Analysis result of physico-chemical parameters in the tested plough horizon soils

LRI %
AR H FERIOR F WU kg
P i R ok Bk Wik
14 7.08+0.90 7.92+0.88 4.66+0.89 46.61+8.09 49.89+7.23 3.50+1.13

T R EA R A EH e An R 22 11 5

R 2 MELEKBEKRREIERD Ph.Cd He As WEE(mg-keg")
Table 2 Pb, Cd, Hg and As concentrations in the plough horizon soils and different organs of paddy at the Pb—Zn deposit area(mg-kg™)

. . e ] AR RS ]
R 2 fant Tk
Pb 14 875+619.81 379.42+301.40 5.07+5.89 48.13+112.50 0.85+0.49
Cd 14 10.70+9.90 6.69+6.52 1.42+1.68 0.29+0.30 0.18+0.24
Hg 14 4.25+3.37 0.980+0.859 0.026+0.014 0.184+0.101 0.015+0.005
As 14 62.24+39.28 214.60+£187.91 4.56+3.55 8.27+£5.49 0.26+0.08

T R BRI R A BB AR 22 1T 5
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Figure 2 The concentrations of Pb, Cd, Hg and As in different paddy organs at different sampling locations
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Table 3 Translocation factor (TF) or bioaccumulation factor (BF) of Pb, Cd, Hg and As in plough horizon soil-paddy system

St e BEZ R FAMR—ZEFT FEAAR— T FEMR—FEK T —RE K

Ph 0.463 0.021 0.221 0.006 0.063
(0.191~0.812) (0.005~0.079) 0.011~1.617) (0.001~0.038) (0.004~0.190)

cd 0.924 0.183 0.129 0.018 0.726
(0.149~2.676) (0.048~0.390) (0.012~0.945) (0.001~0.054) (0.003~4.430)

Hg 0.253 0.046 0.320 0.029 0.092
(0.086~0.651) (0.010~0.117) (0.070~0.764) (0.006~0.065) (0.042~0.187)

As 3.865 0.025 0.049 0.002 0.042

(1.100~6.896) (0.007~0.067)

(0.012~0.119) (0.0003~0.006) (0.016~0.114)

Y+ TR AP0 (R ME~ Rk ) B F5R
I TR, FEAR ZERT RENE ORK 4 F
As ErEEZ N 825.4:17.5:31.8:1, FHARH As 1973y
B RAGEIL 3.865, (HHARBIFK YT REUAR
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0.042 GER A S He Z50L) , RUIFFR AT As AR
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Hg  As FH B[] 35 2 04K 0 S5 IEAH G R, B X £
Herpox e 4 R e B LA AHFEDR IR, Pb 5 Cd |
Hg As Z [AI A REAAAESL-PEAE U G R . AR
W1, Pb As SFTCE AFAE I N Cd A& S5 IET0R
SR AR I YE RIS dE R >, 2 4
BT A R EOZT K RN E S, FRE TS
e A 0 O R RGNS
242 BHE T E AR &S A T A G
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T XBHZE T ES NSRS T pH . AL
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R4 HELED P, Cd, He, As S ERMNHEXRY

Table 4 Correlation coefficients of the concentrations between
Pb-Cd, Pb—Hg, Pb—As, Cd-Hg, Cd—As and Hg—As in the

plough horizon soils

UINE| Ph Cd Hg
cd 082+
Hg 0.90%+ 088
As 068+ 0.72%% 0.68%

e FORM I EAH S (n=14, r=0.64, P<0.01),
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Table 5 Correlation coefficients of the contents between some heavy metals and physico—chemical parameters in the plough horizon soils

BiH pH AP ERERR ki bk Hikr
Pb 0.40 0.78%% -0.59% 0.55* -0.47 -0.81*
Cd 0.32 0.64%% -0.33 0.47 -0.42 -0.61%*
Hg 0.46 0.78%* -0.45 0.55% -0.49 -0.79%*
As 0.14 041 0.04 0.48 -0.44 -0.42

T g S HISE (n=14, r=0.64,P<0.01); * B E A1 (r=14, r=0.51, P<0.05),

5. M5 AL, 458 Ph Cd \Hg As [ 15 - 1
pH A ML ARL & e B2 IR A G, SEEFR R i
LUK 2 2 7R G, b S5 ML R R R
ISR I, R BIEA L #ak 3 o
FHHIKE

AT - I 4 SR AR AL T R A A
+- g b AR A DL (DOM) &8 KB i D RE KL AT
AT e i 4 B il 4 A FEC AR B A
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LB BT ALY YR DL 8] S s e g
B AR TR D 55 S I, AR 4 T T M R A
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ANIEET A (B A8 55 ), 13X BE A MG M A ) - 4
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TR H AR B

=)

Herp 4w M ORI 2 — (AR A s Fnda
A, AR BT 1 XU AT IS SR L) o
2.4.3 Pz T KRR A AR T 4 1] 1 AH 5 43
Br

W X2 A K AT AR A5 R0 E 4 S B [m] 1Y)
HRRE TR 6, AL QP2 - E LR &5
SR v i 4 8 1) & A OGRS BR Cd APk 3]
W 35 IE ARG, R R R b 4 JE 1y 8k
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AR AR AN R AR A A b E 4 R 5 e (A 4 S AR A
K, R LIk AR ()5, EeE TR
REFITUFI Hi [ A7 A 3853188 ;. @Bk Cd Hg 7E/S
b EL RNV = P o el T 6o O ) N 2 S
25 ROK-Fn b A 4R A A R
SO 2 TE AR O , SRR B B2 ik A1, 25 i S A
KPS R AR T W TOR IR ; AR 5 258 Rl A
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HEORYE [F]I, AHOC AT R 0 IX R R TP L e
2], As—Cd 1A (r=-0.53, P<0.05), As—Hg 1F4H
X(r=0.60, P<0.05 ) , {lifi 12 A& A A AE A5 P ak Hr a]
YER, A T i g sl AR S MRS i — DU S

R 6 METHEMKEEMEREESRQEZ AMEXRY

Table 6 Correlation coefficients of the contents of some heavy metals between plough horizon soils and different paddy organs

5[ -4 -2 Ttk bRk R-% T = T L
Pb 0.70%** 0.55% 0.36 0.26 0.32 -0.27 -0.24 0.59%* 0.56* 0.56*
Cd 0.48 0.32 0.57* 0.59 0.90%* 0.35 0.91%* 0.32 0.86%* 041
Hg 0.76%* 0.14 0.72%% 0.13 0.28 0.59% 0.33 0.49 0.69%:* 0.16
As 0.69%* 0.06 0.07 -0.06 0.67%* 0.66%* 0.27 0.97%* 0.68* 0.67%*

e U A (n=14, r=0.64, P<0.01) * JEHI(n=14, r =0.51, P<0.05),
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