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Comprehensive Evaluation Method and Case Study on the Remediation Effectiveness of Crop Rotation and Fallow for
Heavy Metal-Contaminated Farmland
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Abstract ;: The implementation of remediation for heavy metal-contaminated rural farmland is an important strategic decision in
China to ensure the sustainable utilization of arable land. A comprehensive evaluation system comprising 19 secondary indicators
was constructed from three dimensions: ecological benefit, social benefit and economic benefit. The entropy weight method was
applied to determine index weights and conducts a comprehensive evaluation. Based on the statistical data of Hunan Province from
2009 to 2022, the comprehensive evaluation method was used to examine the effectiveness of heavy metal-contaminated farmland
remediation in the region. The study found that the improvement rate of remediation effectiveness after 2016 (inclusive) was 1. 64
times than before. The comprehensive assessment value for 2022 was 0. 8554, which is 3. 84 times that of 2009 and 1. 79 times
that of 2016, indicating a consistently positive development trend in the overall remediation effectiveness across the study area. The
value of comprehensive evaluation in 2010 was the lowest at 0. 2099, reflecting a relatively low level of farmland ecological
environment quality. In 2022, the ecological benefit evaluation value was 0. 3268, the social benefit evaluation value was 0. 2376,
and the economic benefit evaluation value was 0. 2910, indicating that the remediation of heavy metal-contaminated farmland in
Hunan Province has achieved significant results not only in the ecological domain but also in social and economic aspects. While
the remediation of heavy metal-contaminated farmland in Hunan Province has yielded remarkable outcomes, it remains essential to
recognize the complexity of the remediation task and to continuously enhance the systematic nature of the governance framework.
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Fig.1 Model design on comprehensive evaluation of

heavy metal pollution control in farmland
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Table 1 Comprehensive evaluation index system of heavy metal pollution control in farmland
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(B11) (B12) (B13) (B14) HEHCR (B16) (B17) (B21) (B22) 1) (B23)
2009 0.5279 0.954 3 0.2316 0.010 8 0.476 9 0.010 2 0. 000 2 0.279 3 0.470 6 0.791 7
2010 0.396 8 0.837 7 0.154 1 0.010 8 0.553 4 0.109 5 0.038 6 0.105 8 0.508 4 0.583 3
2011 0.240 6 0.661 1 0.116 1 0.010 8 0.568 5 0.199 2 0.111'1 0.480 5 0.662 9 0.2333
2012  0.065 7 0.430 1 0.058 2 0.635 1 0.594 8 0.3317 0.183 8 0.767 7 0.741 8 0.000 1
2013 0.090 1 0.246 3 0.028 3 0.476 2 0.617 4 0.550 2 0.246 8 0.502 2 0.805 3 0.879 5
2014  0.100 3 0.2117 0.028 7 0.752 7 0.874 6 0.636 0 0.317 4 0.830 4 0.907 2 0.969 6
2015 0.133 8 0.144 9 0.072 5 0.962 8 0.874 6 0.6813 0.3850 0.886 4 0.8853 0.844 5
2016 0.136 2 0.100 7 0.156 4 0.8152 0.924 8 0.8852 0.445 6 0.732 6 0.806 5 0.9552
2017 0.167 5 0. 066 8 0.216 4 0.796 4 0. 888 4 0.961 1 0.545 4 0.810 8 0.748 5 0.922 9
2018 0.237 3 0.054 7 0.258 9 0.804 0 0.905 9 0.969 7 0.650 6 0.624 6 0.325 4 0.979 8
2019 0.596 4 0.157 5 0.454 5 0.718 9 0.916 0 0.978 3 0.754 4 0.448 2 0.084 5 0.917 1
2020 0.7356 0.208 0 0.547 7 0.872 8 0.9235 0.986 3 0.858 2 0.596 0 0.3379 0.773 5
2021 0.858 9 0.458 5 0.782 7 0.598 8 0.924 8 0.994 4 0.9358 0.813 6 0.344 5 0.844 5
2022 0.9430 0.795 2 0.9813 0.999 1 0. 066 7 0.999 7 0.989 9 0. 606 7 0.357 6 0.899 8
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i) (B26) (B33) PR (B35)  BHBTRL) (B36)
2009 0.002 2 0.283 8 0.199 5 0.005 8 0.2852 0.003 3 0.001 7 0.000 7 0.038 3
2010 0.037 4 0.279 4 0.221 5 0.153 1 0.092 7 0.0511 0.001 7 0.018 4 0.136 6
2011 0.086 9 0.198 4 0.326 1 0.247 4 0.256 9 0.114 7 0.066 9 0.040 5 0.1951
2012 0.1250 0.128 7 0.366 9 0.312 2 0.420 6 0.2125 0.128 7 0.076 5 0.246 2
2013 0.181 4 0.069 7 0.404 7 0.3130 0.128 9 0.280 1 0.214 1 0.111 4 0.268 6
2014 0.228 0 0.010 3 0.468 4 0.3393 0.301 9 0.349 4 0.3130 0.124 3 0.287 5
2015 0.280 9 0.961 7 0.453 1 0.339 8 0.3715 0.412 0 0. 406 2 0.157 8 0.266 1
2016 0.343 3 0.882 5 0.406 9 0.402 2 0.3230 0.475'1 0.523 8 0.248 5 0.2399
2017 0.408 6 0.718 6 0.364 3 0.446 1 0.450 3 0.542 6 0.643 0 0.414 1 0.227 1
2018 0.720 5 0.680 1 0.0719 0.472 2 0.752 6 0.620 4 0.755 4 0.603 4 0.144 6
2019 0.824 7 0.6555 0.737 8 0.623 9 0.872 7 0.707 9 0.898 3 0.765 6 0.724 6
2020 0.8157 0.6050 0.948 3 0.746 3 0.712 0 0.787 8 0.826 9 0.838 2 0.889 1
2021 0.9555 0.541 5 0.944 5 0.812 1 0.899 2 0.902 8 0.900 7 0.935 4 0.941 1
2022 0.9880 0.533 8 0.902 4 0.984 4 0.699 5 0.986 9 0.988 5 0.989 4 0.952 7
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Table 3 Calculation results of the indicator weights in the indicator system
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(B11) (B12) (B13) (B14) (BIS) & .Gi.BF BH#) HE(BIT) ("&) (B22) (B23)
HEcE (B16) (B21)
2009 0.100 9 0.179 1 0.056 7 0.001 3 0.047 2 0.001 1 0.000 1 0.0329 0.058 9 0.074 7
2010 0.0759 0.157 2 0.037 7 0.001 3 0.054 7 0.011 8 0.006 0 0.012 5 0.063 7 0.055 1
2011 0.046 0 0.124 1 0.028 4 0.001 3 0. 056 2 0.021 4 0.017 2 0.056 6 0.0830 0.022 0
2012 0.012 6 0.080 7 0.014 2 0.0750 0.058 8 0.0357 0.028 4 0.090 5 0.092 9 0.000 1
2013 0.017 2 0.046 2 0.006 9 0.056 3 0.061 1 0.059 2 0.038 2 0.059 2 0.100 9 0.0830
2014 0.019 2 0.039 7 0.007 0 0.088 9 0. 086 5 0.068 4 0.049 1 0.097 9 0.1136 0.091 5
2015 0.025 6 0.027 2 0.017 7 0.113 8 0. 086 5 0.073 3 0.059 6 0.104 5 0.1109 0.079 7
2016 0.026 1 0.018 9 0.038 3 0.096 3 0.091 5 0.095 3 0.069 0 0.086 3 0.101 0 0.090 2
2017 0.0320 0.012 5 0.052 9 0.094 1 0.087 9 0.103 4 0.084 4 0.095 6 0.093 7 0.087 1
2018 0.045 4 0.010 3 0.063 3 0.095 0 0.089 6 0.104 3 0.100 7 0.073 6 0.040 7 0.092 5
2019 0.114 0 0.029 6 0.1112 0.084 9 0.090 6 0.105 3 0.116 7 0.052 8 0.010 6 0.086 6
2020 0.140 6 0.0390 0.134 0 0.103 1 0.091 3 0.106 1 0.132 8 0.070 2 0.042 3 0.0730
2021 0.164 2 0.086 1 0.191 5 0.070 7 0.091 5 0.107 0 0.144 8 0.0959 0.043 2 0.079 7
2022 0.180 3 0.149 3 0.240 1 0.118 0 0. 006 6 0.107 6 0.153 2 0.071 5 0.044 8 0.084 9
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gty W huan OCRIERIRRN e meme NITER o MUBKBLCRES AR CR DR
(B24)  ILHl(B25) /AT K SE A Bk (B31)  -hk(B32) A (B34) ‘y‘%ﬁﬁi—/\ FLY Ve S5 <
M) (B26) (B33) F8) (B35) B (B36)
2009 0. 000 4 0.043 3 0.029 3 0.000 9 0.043 4 0. 000 5 0.000 3 0.000 1 0.006 9
2010 0. 006 2 0.042 7 0.0325 0.024 7 0.014 1 0.007 9 0.000 3 0.003 5 0.024 6
2011 0.014 5 0.030 3 0.047 8 0.039 9 0.039 1 0.017 8 0.0100 0.007 6 0.0351
2012 0.020 8 0.019 6 0.053 8 0.050 4 0.064 0 0.0330 0.019 3 0.014 4 0.044 3
2013 0.030 2 0.010 6 0.059 4 0.050 5 0.019 6 0.043 4 0.0321 0.020 9 0.048 3
2014 0.038 0 0.001 6 0.068 7 0.054 7 0.046 0 0.054 2 0.046 9 0.023 3 0.051 7
2015 0.046 8 0.146 8 0.066 5 0.054 8 0.056 6 0.063 0 0.060 9 0.029 6 0.047 9
2016 0.057 2 0.134 7 0.059 7 0.064 9 0.049 2 0.073 7 0.078 5 0.046 7 0.043 2
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Table 4 Total entropy value and weight of each indicator in the indicator system
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Table 5 Comprehensive evaluation results of heavy metal pollution control in farmland
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2010 0.209 9 0. 080 2 0.058 3 0.071 4
2011 0.230 4 0.088 0 0.064 0 0.078 4
2012 0.276 9 0.105 8 0.076 9 0.094 2
2013 0.301 9 0.1153 0.083 9 0.102 7
2014 0.376 1 0.143 7 0.104 5 0.127 9
2015 0.456 4 0.174 3 0.126 8 0.1553
2016 0.477 1 0.1823 0.1325 0.162 3
2017 0.5115 0.195 4 0.142 1 0.174 0
2018 0.544 0 0.207 8 0.151 1 0.185 1
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2020 0.737 1 0.281 6 0.204 8 0.250 7
2021 0.815 1 0.3114 0.226 4 0.277 3
2022 0.855 4 0.326 8 0.237 6 0.2910
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