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Simulation of the Absorption, Migration and Accumulation Process of Heavy

Metal Elements in Soil-crop System

SHI Ya-xing', WU Shao-hua'”*, ZHOU Sheng-lu', WANG Chun-hui', CHEN Hao'

(1. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China; 2. Key Laboratory of Watershed
Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China)
Abstract: Soil-crop system is an important way that heavy metals harm the ecological environment and human health. To research and
understand the process of heavy metal absorption, migration and accumulation in soil-crop system is important for the prevention and
control of heavy metal pollution and the health of human beings. In this paper, we established a model for crop uptake of heavy metals
to calculate the heavy metals contents of wheat roots, stems, leaves and grains, and we analyzed the accumulation process of heavy
metals in roots, stems, leaves and grains in the growth cycle of wheat. The predicted values were compared with the measured values to
test the accuracy of the model. The results demonstrated that different parts of wheat had different heavy metal absorption capacity, the
absorption of the roots was the strongest, followed by leaves, and the absorption capacity of stems and grains was weak. In addition,
the contents of different heavy metals in each part of wheat were also significantly different. The content of Cu was the highest, followed
by Ni, while the contents of Pb and Cd were small. In the process of wheat growth, the heavy metal accumulation rate of stem, leaf and
grain began to slow down at 90, 60 and 100 days respectively, and the concentration of heavy metals reached the maximum gradually,
while the accumulation rate of heavy metals in roots showed a growing trend. We studied the process of absorption, migration and
accumulation of heavy metals in soil-crop system by using numerical simulation technology, which can provide scientific basis for
preventing the ecological and health risks of heavy metal pollution.

Key words : Kunshan; heavy metals; simulation; wheat; soil-crop system
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Fig. 1 Location of Kunshan City and the distribution of sampling points
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Fig. 2 Migration process of heavy metals in soil-crop system
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Table 1  Expressions of heavy metal uptake ratio of each compartment in plant

WiH HR(R) Z5(St) (L) FR(G)
Ts.i Ts.r TSR "TR-st TSR “TR-st *Tsi-L, TSR *TR-st "TsiG
T A-i Ta-L Tt " Tsi-R TA-L " TL-st TA-L T'aG

Fovo~ s DAL r o h T 4 T WA/ N2 45 B 43 Wi 4 1L
% TN L T ah R E LR s R
AMATES Y Boae AX(7) ], h T4
T4 B T LUE R R R BT AR A 22 B R
RRZ T LR 2R 0 3 7 4 S8 14 L% g 1R TR
SR AR (8) 1. Fl AR R E AR
HEAI H PRI L%, TR E 4B il
PR R 1 2 HE A RURERL , W% 3
S AR LR K (9) | (10) 1077,

__ 9
riij - Kiw X MJ <7)
(Q+AR Xf‘( XDR) 'KSW
T'sp = M (8)

s

ro, = A, x P, - (1 —fp) + AL * Vgep -fp (9)

rao = Ag x P - (1 _fp) + A * Vgep 'fp (10)
K, Q WAEY j /iR i (L-d ™) K, A
i 5K Z A L R E(Lkg ™), A A,
Ag SRR | i PRI R IR (m?) , f, Ak
PR R (L-m ™) Dy HYBCHEE (m-d ™) K,
H LI EKRZBIN I RE(L-kg™") P, P 534
AEYI R AR B B R (m-d ™), f AR
KL 3 0, A UKL B (m-d ™).

———— e — — — — — —— —
| |
: EHIERAA) |
| raL rAG |
: 4 FSeL rseG J I
(L) »

| HL) . (SN ¥FRIG) |
| st . |
| s RSt |
| T '
| +394(S) i L HUR) l
I

[

B3 EMEHorRigE

Fig. 3  Uptake ratio of each compartment in plant
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Table 2 Main parameters and corresponding sources
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Table 3 Soil properties of soil in Kunshan

e Min Max Mean
R0 pH 3.91 8.73 6.39
FHHLE SOM/ % 0.67 4.43 2.82
Fbr i clay/% 7.13 33.3 12.6
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Table 4 Water dissolution coefficient and activation rate

of heavy metals in soil of Kunshan

Wi H Cd Cu Pb Zn
K, 0.000589  0.000661  0.000955  0.000479
K, 0.2 0.5 0.03 0. 06
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Table 5 Basic statistical parameters of heavy metals uptake by wheat/mg-kg ™!

% it = i D
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
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Table 6  Concentrations of heavy metals in soil/mg-kg ™!

JLE Min Max Mean
Cu 18.07 61. 88 29. 14
Cd 0.10 1.01 0.18
Pb 12.34 48.13 29.23
Ni 24.67 56. 67 36.33
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