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Risk assessment of heavy metals accumulation in soils under long—term greenhouse vegetable cultivation con-
ditions

LI Jie, ZHU Ling, TONG Li-hong, LU Yi-zhong", LI Ji

(College of Resources and Environment, China Agricultural University, Beijing 100193, China)

Abstract: The effect of different planting modes on soil heavy metals contents was investigated in this study. The differences in the contents
of Cu, Zn, Pb, Cd, Cr, As and Ni in soil under long—term greenhouse organic planting (ORG ), low—input planting (LOW ) and conventional
planting (CON) conditions were compared. The accumulation and ecological risks of heavy metals in soil were evaluated using the single
factor index method, Nemero comprehensive accumulation index method and potential ecological risk index method. The results showed that
the heavy metals accumulation in the soil was significant after 15 years of the planting exercise utilizing the three planting modes. The accu-
mulation of Cd in soil was the most significant among the investigated heavy metals, increasing by 312.50%, 175.00% and 100.00% for
ORG, LOW and CON, respectively. Only the Cd content under ORG and LOW was found to exceed the environmental quality assessment
standard of greenhouse vegetable production, whereas none of the other heavy metals exceeded their standards, albeit with accumulation of
each to some extent. Taking into account the initial value as reference, the evaluation results showed that there was a high risk of heavy met-
al accumulation in soil under ORG, and the accumulation index of heavy metals was ordered as ORG>LOW>CON. Considering the standard
values for greenhouse vegetables, the heavy metal contents in soil did not cause any ecosystem risks after 15 years of long—term planting. In
addition, the comprehensive ecological risks of the three planting modes were generally minor, with the ecological risk index ordered as ORG
>LOW>CON. Therefore, quality control of organic fertilizer should be strengthened to ensure the healthy development of organic agriculture.
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Table 1 Heavy metals content in soil before test and pH(2002)

PR AR Cu/mg kg™ Zn/mg-kg™ Pb/mg-kg™! Cd/mg kg Cr/mg-kg™ As/mg kg™ Ni/mg- kg™ pH
ORG 15.75 44.96 9.41 0.08 28.73 7.68 18.99 7.33
LOW 17.05 51.20 14.27 0.12 29.99 7.01 21.34 7.00
CON 27.05 62.66 10.84 0.11 31.74 8.11 20.21 7.31
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Table 2 Nutrient input, pesticide application and irrigation under different planting patterns

LB /kg - hm™ FHLUE/kg-hm™

ST /ieg - hn™ WEZGWCHY W2 OB M

FfiBeA P,0; K.0 N P,0; K.0 N P,0; K0  Kra' kgrhm®ea? Peal mmea”
ORG — — — 10322 490.8 15967 10322 4908 15967 0 0 8 390
LOW 2938 75 285 5161 2454 7984 8099 3204 10834 10 9.15 8 390
CON 5875 150 570 236 117 4232 8235 267 9932 20 29.1 8 390
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Table 3 Heavy metals content in soil under different planting patterns(mg-kg™)

TH Cu Zn Ph cd Cr As Ni

ORG 33.66+0.21a  134.79+2.60a 21.45+1.06a 0.33+0.01a 101.63+3.49a 17.40+0.49a 26.87+0.30a

LOW 28.11+0.99a  100.68+4.27h 21.51+0.84a 0.33+0.04a 83.51+0.82b 18.45+0.82a 27.5140.67a

CON 33.47+3.23a 96.95+6.82h 18.89+1.48a 0.22+0.02b 78.62+2.50b 16.30+1.08a 26.87+0.76a
Tk 2 B M b o 100 250 50 0.30 200 25 50

1 FFUARRNG TR R 7E P<0.05 K225 8.3 (n=3) .

Note : Different lowercase letters indicate a significant difference at P<0.05(n=3).

x4 FEMEEXTIRESRENRRTFHEHNNES RAEL

Table 4 Single factor index and comprehensive cumulative index of heavy metals in soil under different planting patterns

Pkt AT R B GA RRUR P
Cu 7Zn Pb Cd Cr As Ni
ORG 2.14% 3.00% 2.287 4.13% 3.54% 2.27% 1.41% 3.487
LOW 1.65" 1.97" 1517 2.75% 2.78% 2.63% 1.29% 2.46%
CON 1.24" 1.55" 1.74" 2.00" 2.48” 2.01? 1.33" 2.15%

T O 2 @b 2B, O®E R

Note : DSlight accumulation, @Moderate accumulation, @Heavy accumulation.
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Table 5 Potential ecological risk factors and potential ecological risk indices of heavy metals in soil under different planting patterns

Pkt SRR AL S 25 R R
Cu 7n Ph Cd Cr As Ni
ORG 1.68 0.54 2.15 33.00 1.02 6.96 2.69 48.03
LOW 1.41 0.40 2.15 33.00 0.84 7.38 2.75 47.93
CON 1.67 0.39 1.89 22.00 0.79 6.52 2.69 35.94
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