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Spatial distribution characteristics of heavy metals in Huainan subsidence pond

REN Yongle, DONG Shaochun, YAO Suping
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: Long-term underground coal mining activities cause severe land subsidence and form large amount of
subsidence ponds, and causing water pollution in different degrees. To study the distribution of heavy metals in
subsidence pond and cause of formation, this paper chooses subsidence pond in Panji-1 coal mine in Huaihuan as
research area and focused on eight kinds of heavy mental elements(Fe, Mn, Zn, Cu, Cr, Cd, Pb, Ni) impacting sig-
nificantly environmental quality. We took water reflectance spectrum as covariate to estimate the spatial distribu-
tion characteristics of heavy metals in water bodies on the basis of collaborative kriging method. The results indi-
cate that measured water spectra and heavy metal content have good relations. And collaborative kriging interpola-
tion method which chooses water spectrum as covariate is much better than single variable ordinary kriging inter-
polation, the root mean square error of eight heavy metal elements between the predicted values and actual values
decreased obviously, proving that the reflectance spectra of water as covariate is suitable for estimation of the spa-
tial distribution of heavy metals in water. Furthermore, the comprehensive analysis results found that Cd, Pb, Cu,
Ni in water-looged area mainly come from gangue dump in the northwest of the water body. And Cd, Cu and Pb
concentrations exceeded local background value and had the highest pollution risk. Cr mainly comes from agricul-
tural fertilizer, soil parent material and coal ash deposition of the surrounding road and coal gangue. Zn mainly
comes from coal gangue, sewage, agricultural fertilizer and soil parent material. Because of its concentrations is

low, it has a little effect on the water environment quality.
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Fig.1 Distribution of subsidence pond, sampling points and the surrounding villages in Panji-1 coal mine
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Fig.2 Geometry of water spectrum observation
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Table 1 Statistical description of mass concentration of eight heavy metals
/ / / / /
(glh  (uglh  (ugl?) 1% (rglh)  (nglh
Fe 30 180 224.87 229.29 11.77 0.048 3.151 lg 248.67 279.81
Mn 30 13.84 27.72 28.79 56.55 1.686 4.839 lg 22.33 52.21
Zn 30 2.397 8.44 13.59 55.19 0.082 2.486 lg 55.33 24.12
Cu 30 4.99 6.10 6.17 65.42 0.272 2312 3.20 7.47
Cr 30 2.616 3.59 3.58 24.49 1.30 5.966 Ig 4.00 7.048
cd 30 0.10 0.19 0.21 89.56 0.865 3.129 lg 0.15 0.382
Pb 30 0.72 3.25 3.49 76.99 0.727 3.621 Ig 1.26 10.32
Ni 30 3.212 3.87 3.87 8.49 0.258 3.429 Ig 20 4,723
3.2
[22-23] Cu Cd Pb Ni
4 Fe Mn 3
0.73 2
Cr Zn 24.5%
55.19% 2 7
0 (R")
3
Cu 3 Fe 710 nm
7 Fe(R'710) -0.672 Mn(R'554) 0.679
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Table 2  Correlation coefficient of mass concentration of heavy metals
Fe Mn Zn Cu Cr Cd Pb Ni
Fe 1
Mn 0.726 930 1
Zn —-0.059 310 0.134 3526 1
Cu 0.433 776 9 0.415 479 —0.184 567 1
Cr 0.078 608 2 —0.000 631 —-0.073 139 0.265 706 1 1
Cd 0.166 8252 0.187 656 2 0.224 132 4 0.604 88 0.262 912 6 1
Pb 0.264 702 7 0.304 284 7 0.086 167 7 0.671 00 0.139424 1 0.561 290 1
Ni 0.497 883 7 0.475 1790 —0.001 258 0.537 58 0.139 8403 0.219 5893 0.405 5453 1
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Fig.3

Relationship between spectral reflectance of water and mass concentration of heavy metals



- 130 - HE T R % 46 &
Zn(R'906) 0.678 Cu(R'594) -0.693 Cr(R'842) Co/(Cyt+0O)
0.524 Cd(R'482) 0.544 PDL(R989) 0.708
Ni(R939)  0.601
(SS) pH <25%
25% 75%
pH >75%
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Table 3 Correlation coefficient of heavy metal concentra-
tion, spectral reflectance , suspended solids and pH ( 4
r r r
Fe(R'710) —0.672 | Fe(SS)  0.259 | Fe(pH) —0.094
Mn(R'S54)  0.679 | Mn(SS) 0.199 | Mn(pH) -0.131
Zn(R'906)  0.678 | Zn(SS) -0.736 | Zn(pH) -0.561 ArcGIS
Cu(R'594) —0.693 | Cu(SS) 0475 | Cu(pH)  0.146 ( 5
Cr(R'842) 0.524 Cr(SS) 0.368 Cr(pH) 0.499
Cd(R'482) 0.544 Cd(SS) 0.044 Cd(pH) 0.162
Pb(R989)  0.708 | Pb(SS)  0.286 | Pb(pH)  0.267 8
Ni(R939)  0.601 | Ni(SS) 0263 | Ni(pH) —0.247 Fe(1.49%) Mn(8.61%)
Zn(26.26%) Cu(19.22%) Cr(16.55%) Cd(22.58%)
Co Pb(36.64%) Ni(22.66%)
Fe(2.22%) Mn(1.52%) Zn(69.68%) Cu(59.16%)
(CotC) Cr(693.85%) Cd(1 871.88%) Pb(1 491.67%)
Ni(295.63%)
x4 FLERRIBIERBERHEXSH
Table 4  Theoretical models of semivariance and relevant parameters
(Co) (C+Co) /
Fe 0.005 38 0.928 48 0.057 9 1905.571
Mn 0.000 12 0.119 39 0.101 569.824
Zn 0.122 06 0.389 44 31.342 2 079.966
Cu 0.325 80 0.556 02 58.595 1207.037
Cr 0.048 13 0.048 14 99.979 419.404
Cd 0.470 38 0.470 39 99.998 625.876
Pb 0.322 56 0.342 84 94.085 619.856
Ni 0.004 59 0.006 58 69.757 566.271
FexR'710 0.005 27 0.017 48 30.149 1 835.381
MnxR'554 0.008 65 0.129 70 6.669 687.441
ZnxR'906 0.066 54 0.239 28 27.808 531.9358
CuxR'594 0.630 50 1.257 48 50.14 1155.328
CrxR'842 0.048 89 0.049 76 98.252 1148.124
CdxR'482 0.046 40 0.091 17 50.894 1 051.859
PbxR989 0.154 44 0.398 56 38.749 419.404
NixR939 0.003 88 0.007 45 52.081 731.814
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Table 5 Crosscheck results of interpolation analysis
( ) ( )
RMSE r RMSE r RMSE r
Fe 15.798 0.675 Fe(R'710) 16.106 0.671 Fe(R'710) 15.562 0.69
Mn 11.233 0.921 Mn(R'554) 10.183 0.937 Mn (R'554) 10.266 0.935
Zn 4.498 0.442 Zn(R'906) 3.616 0.688 Zn(R'906) 3.317 0.75
Cu 0.619 0.431 Cu(R'594) 0.546 0.617 Cu(R'594) 0.5 0.686
Cr 0.888 -0.065 Cr(R'842) 0.768 0.456 Cr(R'842) 0.741 0.516
cd 0.031 0.032 Cd(R'482) 0.026 0.555 Cd(R'482) 0.024 0.631
Pb 0.423 -0.048 Pb(R989) 0.268 0.757 Pb(R989) 0.268 0.764
Ni 0.331 0.16 Ni(R939) 0.27 0.562 Ni(R939) 0.256 0.633
3.3 Cr
Fe Mn 0.73 Fe Mn
( 4a 4b)
Cr [26,28] 299 T Chen?¥
2 Cr
2
[5] Cr
Fe Mn
B Fe 2 Cu Cd Pb Ni
Fe 0.5 Cd Pb 0.56
Mn 4 Cu Cd Pb
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Spatial distribution of mass concentration of heavy metals in water
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