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Construction of an evaluation index system to evaluate the remediation effect of cadmium pollution in paddy
soils

WU Xiao—xiao', MI Chang—hong', WU Hao?>, HU Jun-ming’, LIN Da-song'", ZHENG Hong-jie', JIAO Wei—xiong'

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Scientific Research
Academy of Guangxi Environmental Protection, Nanning 530022, China; 3. Agricultural Resource and Environment Research Institute,
Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: To evaluate the remediation effect of cadmium—contaminated paddy fields, theoretical and literature analyses, the Delphi meth-
od, and the analytical hierarchy process were used to study the screening of evaluation indexes and weight determination to establish an
evaluation index system. Based on the evaluation objective of the remediation effect, the indicator system included 15 indexes in 4 crite-
ria layers that included soil fertility, heavy metal pollution, rice growth safety, and economic security for remediation. For the criterion layer
of the indicator system, the weight of the growth safety of rice (0.430) and of heavy metal pollution (0.340) were the largest, whereas the
weight for the reduction of available cadmium (0.219) and cadmium content in brown rice (0.259) were the largest among the 15 indexes.
The weight distribution of the indicator system shows that food security and soil environmental safety are the main concerns for soil restora-
tion of cadmium—contaminated paddy fields. This study provides a research framework for establishing an evaluation system for the remedi-
ation effect of cadmium—contaminated paddy fields.

Keywords: amendments; cadmium contamination; paddy fields; effect evaluation; index system
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Table 1 Relative frequency and density analysis of

literature indicators

NI 2H ¥ e
oA TR CEkEe A *HXT?JJX *HXT% JE
. Number of Number Relative  Density
Indicator type :
’ documents of groups frequency analysis

pH 82 231 0.087  0.121
AR 51 163 0.054  0.085
TR E 96 164 0.102 0.086

ML S 38 123 0.040 0.064
2R 51 156 0.054 0.082
2 4 4 0.004 0.002
Feioe 2 i 27 44 0.029  0.023
BEK 2 i 69 200 0.073 0.105
FERL D it 4 9 0.004  0.005
FEIR S St 9 14 0.010 0.007

+ R TR G 12 14 0.013  0.007
TR RS 12 14 0.013 0.007
e AL S 14 15 0.015 0.008
T HERER A 33 67 0.035 0.035
55002 i 46 80 0.049  0.042
T3EEN 41 57 0.043 0.030
TiE4ep 23 42 0.024  0.022
+H4eK 23 42 0.024  0.022

A+ MR N 30 39 0.032 0.020

T AP 49 52 0.052  0.027
ALK 45 47 0.048  0.025
A PR 79 103 0.084  0.054
e 1 1 0.001 0.001
-3 BH A i (CEC) 36 59 0.038  0.031
LR FRAMFIR R EL 1 1 0.001 0.001
RN I8 B EL 1 1 0.001 0.001
IR 5 REL 1 1 0.001 0.001
KA I 2R AR 5 2 3 0.002  0.002
IKREIM A % 4 3 0.004  0.002
IR 2E i 3 4 3 0.004  0.002
(R 55 155 0.058 0.081
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Note: Relative density means the ratio of the sum of the densities of
an indicator in all literature to the sum of the densities of all indicators in
all literature; Relative frequency means the ratio of the number of
documents in a certain indicator to the sum of the total number of
documents and the ratio of all the indicators.

HENJZAEAR 15 A 152 468 bk il 918 52 RO PEA
PR R RIS,

3 AR RANETR
S E 15 B 1 A L E A



ST S YRR I SRR A R

1501

R2 T EEXRTLIERER

Table 2 Preliminary repair effect evaluation index system
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Note: 1 refers to the index of document excerpts; 2 refers to the index

of increase.
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Table 3 Evaluation index system for repair effect of cadmium contaminated paddy field

HF5)Z Target layer HENJZ Criteria layer FEHRZ Index layer FEFR UL Index meaning
BB SRR IEAL LIS AR AL B fiEE N Bl FALAE ST 5 3825 Jr T B i AR A 1 0
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pH B5
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A HER A T Y] B8
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A8 5500 5 BIS ISR TS YR
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WP R ] R e ke LR IR AL AR R

Note: Secondary pollution problem: After repair material is applied, Whether the addition of repair materials will cause secondary pollution to the soil.
For example, calcium—containing repair materials may bring soil compaction problems to the soil. Excessive phosphorus—containing materials may cause
problems such as soil eutrophication.
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Table 4 Judgment matrix scale and meaning Table 7 Classification of soil fertility
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Table 5 Judgment matrix of all sorts of indicators

in the criterion layer
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Note: Fill in"()" according to the scale in table 4. The same below.
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Table 6 Heavy metal pollution indicator importance

judgment matrix
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Table 8 The value of the random consistency indicator R/
n 1 2 3 4 5 6 7 8 9 10 11
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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Table 9 Evaluation index system for repair effect

H b3 J2 B AT N2 &N fhr)2 AT A E A BE

Target layer and weights Criteria layer Weights Index layer Relative weight Combination weight

BB RO TAR +HEIE S5 bR 0.12 BN 0.06 0.008

fbrieA AP 0.08 0.009

BEK 0.05 0.006

AL 0.16 0.019

pH 0.27 0.032

CEC 0.13 0.016

JIg it T 0.12 0.015

TR T Y o] 0.13 0.015

4R 15 YR bR 0.34 T HEA 0.36 0.121

U T U /% 0.64 0.219

IKFEA: K AR bR 0.43 K 7 i i 0.59 0.253

KA T el it/ %% 0.26 0.111

FEK ™ ik 0.15 0.067

BE AT L8R 0.11 BEYE T 0.46 0.051

1B 5500 2 0.54 0.059

TE 26 9t = AR bR Z AR AR5 2 1 AT Ry A AT AH XA T 3 A R AR AR (AT S 20 A A T B A7 )2 2 R PR A TR R S (R 24X

i,

Note: The weights of the three—level indicators in Table 9 relative to the second-level indicators are relative weights, and the weights of the relative

weights multiplied by the second-level indicators are the combined weights, which is the final weight of each indicator of the indicator layer relative to the

system S.
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