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Abstract: Ecological restoration of the limestone mining areas in Beijing-Hebei is crucial for alleviating regional
ecological stress, safeguarding ecological security, and promoting sustainable development. Soil quality is the key
to ecological restoration in limestone mining areas. However, current understanding of soil conditions and the
dominant influencing factors in these areas remains limited. This study investigated soil quality in four
representative limestone mining sites: Mancheng in Hebei Province, Xiazhuang in Beijing, Wenshuyu in Beijing,
and Yutian in Hebei Province. Soil samples from the platform sites of the mining areas, both un-rehabilitated and
rehabilitated, were collected. Eleven indicators, including pH, electrical conductivity (EC), soil nutrients, soil
enzyme activities, and cation exchange capacity, were detected. The entropy weight-TOPSIS model was adopted
to evaluate the soil quality of the limestone mining areas around Beijing-Hebei. The results show that in the un-
rehabilitated mining area, alkaline phosphatase has the largest weight, followed by cation exchange capacity
(CEC), urease, hydrolysable nitrogen, available phosphorus, available potassium, organic matter, EC, sucrase,
catalase, and pH. In the rehabilitated mining area, alkaline phosphatase has the greatest impact, followed by urease
and sucrase. The relative closeness of soil quality (C)) in the un-rehabilitated platform site of the limestone mining
area is from 0.123 to 0.644, and the overall level is relatively low. The C; of the rehabilitated platform site was
within the range of 0.145 — 0.873. Compared with the un-rehabilitated soil, the soil quality was improved. The
enzyme activity, available phosphorus, and available potassium contents were abundant, while the overall levels of
organic matter and hydrolysable nitrogen were relatively low, with large variation. Xiazhuang demonstrates the
best restoration outcomes, whereas Mancheng, Wenshuyu, and Yutian exhibited relatively weak recovery. For the
future restoration of the platform site in the limestone mining area, more attention should be paid to the relevant
indicators of soil enzyme activity and the proportion of fertilization, etc. This study can provide guidance for the
ecological restoration practice of limestone mining areas.

Keywords: limestone mines; mine rehabilitation; soil quality evaluation; entropy weight-TOPSIS modeling
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Fig.3 Weight value of soil quality evaluation index of un-
rehabilitated platform site in limestone mining area
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Fig.4 Weight value of soil quality evaluation index of

rehabilitated platform site in limestone mining area

3.4 TOPSIS ¥ K8 X+ HE T i PP
341 KBEV-G i 5 EIT N4

Wk 3. 3% 4 iR, SCBRIE C 5, WK C ik
WK C, /A 1E 0.123 ~ 0.432, SCHRIA C, 43 A 7E 0.205 ~
0.644, FFE C, 43MG1E 0.207 ~ 0.409, EH C, J34HTE 0.141 ~
0.453,
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x3I REVERREEFEHMTERETNE
Table 3 Soil quality evaluation of un-rehabilitated platform site
in the limestone mining area

IR R D D G HE44
WSY-18 0.132 0.239 0.644 1
YT-24 0.248 0.206 0.453 2
MC-2 0.255 0.194 0.432 3
MC-1 0.263 0.196 0.427 4
XZ-11 0.258 0.179 0.409 5
WSY-17 0.243 0.142 0.369 6
YT-26 0.254 0.140 0.356 7
XZ-9 0.255 0.129 0.337 8
MC-3 0.288 0.135 0.318 9
YT-30 0.273 0.115 0.296 10
WSY-15 0.260 0.107 0.292 11
XZ-8 0.267 0.097 0.266 12
YT-22 0.293 0.106 0.266 13
YT-29 0.274 0.097 0.262 14
XZ-7 0.271 0.096 0.261 15
WSY-13 0.291 0.101 0.259 16
MC-6 0.315 0.109 0.258 17
MC-4 0.309 0.106 0.255 18
WSY-16 0.268 0.091 0.254 19
YT-19 0.287 0.095 0.249 20
XZ-10 0.295 0.097 0.247 21
YT-27 0.277 0.090 0.245 22
YT-28 0.295 0.086 0.225 23
XZ-12 0.297 0.078 0.207 24
WSY-14 0.289 0.074 0.205 25
YT-25 0.297 0.068 0.186 26
YT-23 0.315 0.057 0.153 27
YT-21 0.309 0.052 0.144 28
YT-20 0.316 0.052 0.141 29
MC-5 0.324 0.046 0.123 30

x5 REVEXEBESEFE&HHTERETMNRE
Table S Soil quality evaluation table of rehabilitated platform
site in limestone mining area

TR A D* D C He44
XZ-9 0.054 0.369 0.873 1
WSY-13 0273 0.198 0.421 3
YT-22 0.281 0.169 0.376 4
WSY-16 0.289 0.171 0.372 5
WSY-14 0.300 0.134 0.309 6
YT-20 0.318 0.135 0.297 7
XZ-7 0316 0.121 0.277 8
WSY-12 0.305 0.111 0.267 9
YT-18 0.352 0.118 0.252 10
YT-21 0.343 0.114 0.249 11
MC-6 0.326 0.103 0.241 12
WSY-11 0.327 0.091 0.218 13
XZ-8 0.340 0.084 0.198 14
YT-17 0.357 0.088 0.198 15
MC-2 0.362 0.084 0.189 16
WSY-15 0.348 0.077 0.182 17
MC-4 0.336 0.073 0.179 18
MC-5 0.348 0.074 0.176 19
YT-19 0.355 0.067 0.158 20
MC-1 0.367 0.066 0.152 21
MC-3 0.368 0.062 0.145 22

®6 REVRECEETAGTERESSITMERSRXE
Table 6 Soil quality grading interval of rehabilitated platform
site in the limestone mining area

X
Wi SCHRU T £H
C,  0.145~0241 0.182~0421 0.198~0.873  0.158~0.376

£

x4 REVRERREEFEHMTERESESTNERSRXE
Table 4 Soil quality grading interval of un-rehabilitated
platform site in the limestone mining area

B IX
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C 0.123~0.432  0.205~0.644  0.207~0.409  0.141 ~0.453
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C 3 Ai7E 0.182 ~ 0.421, M C, 43 A7 0.158 ~ 0.376.
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