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A new approach for evaluating soil heavy metal impact: A comprehensive index combined soil environmental
quality and agricultural products quality

WANG Yu—jun, LIU Cun, ZHOU Dong-mei, CHEN Huai-man”

(Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China)

Abstract: The current evaluation method of the effects of heavy metals in soil has not yet been closely linked to the element contents in soil
and agricultural products, and its scientificity and reliability are often questioned. A new method was proposed in this paper incorporating si—
multaneously the contents of heavy metals in soil and agricultural products in the evaluation of the soil environmental quality standard, the
soil element background values, the safety standard for maximum levels of contaminants in agricultural products, and the element valence
effect. The method suitably applies to the influence evaluation of combined and/or separate soil heavy metal pollutions. The main steps of
assessment procedures include the calculations of the relative impact equivalent, RIE; the deviation degree of the determined concentration
from the background value, DDDB; the deviation degree of the soil environmental quality standard from the background value , DDSB; the
quality index of agricultural products, QIA P; and then the influence index of comprehensive quality, /ICQ, was constructed on the basis of
above values, which is the sum of /ICQs(the influence index of comprehensive quality of soil) and IICQ,,(the influence index of compre—
hensive quality of agricultural products ). Furthermore, the principles and procedures of the evaluation method were established, and the soil

environmental quality classifications based on the numerical index and description of soil environmental quality status were provided. The
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soil environmental quality for particular farmland uses was suggested to be divided into clean(/ICQ <1), slightly polluted (1</ICQ <2),
lightly polluted (2</ICQ <3 ), moderately polluted (3</ICQ <5), and heavily polluted ({/ICQ>5), plus additional subgroups for pollution

status with heavy metals exceeding standard only in soil or agricultural products.

Keywords: heavy metals; soil environmental quality; agricultural products; evaluation approach; farmland
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Table 1 Soil environmental quality index and classification criterions
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Table 2 Concentrations of heavy metals in soils and agricultural products, evaluation criterion and background values in four different regions

As Cd Hg Pb
X 45k B — — — —
+-5 AR b e A7 b +5E A7 +4 R
K 1 1 26.59 0.85 7.41 0.59 1.35 0.07 172.7 17.20
2 29.24 0.45 7.99 0.40 1.43 0.07 2522 8.05
3 22.50 0.26 17.03 1.08 1.10 0.05 2249 8.16
4 31.08 0.68 29.33 0.75 2.04 0.12 498.1 12.30
i 25 0.5 0.50 0.2 0.50 0.02 160 0.2
THOURERE 20.0 0.659 0.110 352
X5 2 5 50.13 0.06 17.01 0.35 111 0.08 1598 7.48
6 19.71 1.02 37.85 0.80 1.02 0.06 354.9 3.93
6a 35.88 ND 4.11 0.32 0.36 0.07 7145 6.12
PR 30 0.5 0.50 0.1 0.50 0.02 160 0.2
THOURERE 20.0 0.659 0.110 352
X4 3 7 5.80 0.096 0.22 0.13 0.19 0.005 36.00 0.14
8 8.00 0.15 0.057 0.20 0.069 0.008 26.60 0.18
9 5.90 0.064 0.12 0.066 0.16 0.004 50.20 0.13
10 6.20 0.12 0.071 0.037 0.18 0.005 29.50 0.11
bt 30 0.5 0.40 0.2 0.30 0.02 120 0.2
TR 5 9.2 0.070 0.086 23.7
X1, 4 11 16.40 0.27 0.067 0.097 0.132 0.004 51.80 0.27
12 16.60 0.31 0.067 0.13 0.219 0.006 49.10 0.28
13 16.90 0.22 0.077 0.094 0.147 0.005 52.10 0.56
14 17.10 0.23 0.080 0.12 0.144 0.006 50.00 0.53
15 13.70 031 0.083 0.063 0.159 0.005 48.70 0.51
16 15.70 0.29 0.062 0.14 0.176 0.005 42.60 0.57
17 15.80 0.26 0.058 0.10 0.159 0.005 50.00 0.55
18 16.00 0.30 0.064 0.15 0.165 0.006 51.50 0.49
PR 30 0.5 0.40 0.2 0.30 0.02 120 0.2
THOURTRE 8.9 0.056 0.078 36.0
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Table 3 Demonstration of index calculations

FEb 4B SR A= b TR TR R G
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1 1.886 2.533 6.181 13.18 3.49 6.91 4 4 4 20.09

2 1.994 2711 6.181 13.73 2.65 4.68 4 4 3 18.41

3 2371 2.949 6.181 12.02 2.79 477 3 4 3 16.79

4 3.122 3.958 6.181 19.05 3.32 6.77 4 4 4 25.82
HCQ1~4(CEHIH +hRMEL: ) :20.28+3.93

5 2.898 4.049 6.220 18.20 2.66 4.68 4 4 3 22.88

6 3.134 3.699 6.220 14.19 2.54 6.11 3 3 4 20.30

6a 1716 2.484 6.220 9.75 3.06 4.94 3 4 3 14.68
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11 0.654 1.181 7.735 0.61 0.80 118 0 4 1 1.79

12 0.698 1.268 7.735 0.66 0.86 1.19 0 4 1 1.85

13 0.672 1221 7.735 0.63 0.93 121 0 4 1 1.84
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18 0.670 1211 7.735 0.63 0.97 1.22 0 4 1 1.85
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