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Effects of soil heavy metal compounds on the micro-aggregate
stability in Kafang tailing pond

PENG Peiyu, WANG Weihua
(Faculty of Agriculture and Food ,Kunming University of Science and Technology ,Kunming, Yunnan 650500, China)

Abstract; In order to explore the factors affecting the structural stability of soil micro-aggregates in the Kafang
tailing pond in Yunnan Province, and reasonably reflect the overall stability of the soil in the tailing pond, the rela-
tionship between the structural stability of the micro-aggregates and the content of heavy metal compounds was ana-
lyzed by taking the soil micro-aggregates and heavy metal compounds ( As,0,, Co,0,, Cr,0,, CuO, NiO, and
Zn0) in the Kafang tailing pond as the test object.The results showed that the mean values of mean weight diameter
(MWD) and geometric (GMD) in the layers of 0~2 m, 2~5 m, 5~8 m, and 8~ 15 m in the tailing pond were
0.086 mm and 0.048 mm, 0.083 mm and 0.052 mm, 0.031 mm and 0.019 mm, 0.048 mm and 0.029 mm, respec-
tively. The micro-aggregates structure within the depth of 0~5 m was the most stable one. The variation coefficients
of the contents of six heavy metal compounds in soil at different depths were 0.106~0.743, showing moderate varia-
tion, and 75% of the measured samples had [ C/( C,+C) ] values greater than 0.75, showing a strong spatial auto-
correlation. The six heavy metal compounds showed two different distribution patterns in tailing pond soil, with in-
creasing soil depth, the content of As,0; and NiO decreased gradually. The contents of CuO, ZnO, Co,0,, and
Cr,0; were uniformly distributed or decreased from layer to layer in the depth of 0~8 m, while the contents of each

heavy metal compound increased at the depth of 8~15 m. The CuO and ZnO were the heavy metal compounds that af-
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fected the structural stability of soil micro-aggregates in the Kafang tailing pond. The contribution level of CuO to the

stability of the micro-aggregates was twice that of ZnO at the depth of 0~8 m, and both contribution levels were the

same within a depth of 8~15 m. In summary, the contents of CuO and ZnO in soil affected the structural stability of

micro-aggregates, of which CuO had the most contribution to the structural stability of micro-aggregates.

Keywords: micro-aggregate ; heavy metal compounds; MWD ; GMD; Kafang tailing pond
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Table 1 Basic properties of soil samples
N . N i s ) KR
ki iz Boki IS ok e fLB Water content AR
Clay/% Silty/ % Loam/ % Soil texture Specific gravity Porosity ratio /(g ke ) SOM/ (g« kg™")
g " Kg
44.82+14.20 49.80+20.61 5.38+2.57 L Silt loam  3.085+1.204 1.10£0.43 326.5+122.7 0.14+0.07
K2 TERETFKBERARES M/ %
Table 2 Distribution of water-stable micro-aggregate in soil at different depths
F 2B Soil depth/m >0.25 mm 0.25~0.05 mm 0.05~0.01 mm 0.01~0.002 mm <0.002 mm
0~2 5.40+3.33a 56.31+11.52a 22.65+7.70c 9.52+2.77¢ 6.12+2.17b
2~5 3.51+3.42bc 55.43+14.58ab 25.74+13.17¢ 12.42+5.88bc 2.90+1.20¢c
5~8 0.44+0.43d 17.00+20.15d 40.75+8.58b 31.26+14.56a 10.55+5.49a
8~15 3.69+5.61b 25.05+19.36¢ 48.41+19.64a 18.51+8.39b 4.345+0.76bc

1 RS R/ING R Ab B A 22 5 .38 (P<0.05)

Notes: The different lowercase letters within same column indicate significant differences among treatments ( P<0.05).
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Table 3  Descriptive statistics of content of heavy metal compounds in soil

2 AA i ‘\‘(‘ . - \/i} [ ‘\7‘ w
v ew o R gpam | rmwe gew  TIROWEE pnm
Soil depth/m Compound o e cv Soil depth/m Compound i e cv
P PO (g kg ) /(g kg ) P PO (g kg™ /(g e kg )
As, 0,4 3.70 0.39 0.106 0.112 As, 0, 0.58 0.26 0.439 0.124
Co;0, 0.13 0.06 0.429 0.099 Co;0, 0.10 0.07 0.743 0.187
02 Cr, 04 0.20 0.06 0.314 0.108 . Cr,0, 0.23 0.08 0.357 0.142
Cu0 1.26 0.28 0.223 0.097 Cu0 0.24 0.05 0.228 0.158
NiO 0.85 0.39 0.454 0.141 NiO 0.41 0.25 0.623 0.279
ZnO 0.40 0.16 0.403 0.153 Zn0 0.23 0.05 0.238 0.125
As, 0, 2.75 0.82 0.297 0.132 As, 0,4 1.20 0.63 0.527 0.135
Co;0, 0.17 0.03 0.165 0.077 Co,0, 0.18 0.09 0.498 0.241
) Cr,0, 0.21 0.06 0.300 0.158 oo 1s Cr,0, 0.46 0.17 0.370 0.108
~5 ~1
Cu0 0.87 0.25 0.291 0.121 Cu0 1.73 0.97 0.561 0.124
NiO 0.64 0.16 0.254 0.106 NiO 0.44 0.17 0.394 0.148
ZnO 0.33 0.10 0.291 0.168 Zn0O 0.50 0.25 0.502 0.122
x4 TESEENEWFEFEREFIER
Table 4 Semi-variance model and fitted parameters of heavy metal compounds in soil
+ R & LA A Hegr ®xG gl PR A L
Soil depth/m Compound Model C, Cy+C Ay C/(Cy+C)
As, 0,4 Gaussian 1.00x107° 1.41x1073 0.0036 0.9993
Co;0, Gaussian 1.79%1073 3.59x107° 0.0009 0.5014
02 Cr, 04 Exponential 1.84x107° 6.87x107° 0.0045 0.7322
Cu0 Gaussian 8.10x107° 7.92x107* 0.0004 0.8977
NiO Spherical 9.10x107° 1.51x107? 0.0005 0.9398
Zn0 Spherical 1.00x1077 2.55%x107* 0.0005 0.9996
As, 05 Gaussian 1.00x107° 7.12x1073 0.0004 0.9986
Co;0, Gaussian 0.00 9.40x107° 0.0005 1.0000
5o Cr,04 Gaussian 1.00x1077 3.62x107° 0.0006 0.9972
- CuO Gaussian 1.00x10°° 7.40%107* 0.0003 0.9986
NiO Spherical 1.57x107° 2.54%107* 0.0016 0.9383
Zn0 Linear 1.05x107* 1.05x107* 0.0046 0.0000
As, 0, Gaussian 1.00x107° 5.32x107* 0.0004 0.9981
Co;0, Linear 5.18x107° 5.18x107° 0.0046 0.0000
s.g Cr,0,4 Spherical 1.05x107° 7.60x107° 0.0005 0.8618
Cu0 Linear 3.35x107° 3.35x107° 0.0046 0.0000
NiO Gaussian 1.00x107° 6.02x107* 0.0003 0.9983
Zn0O Linear 3.20x107° 3.20x107° 0.0046 0.0000
As, 04 Spherical 9.00x107° 3.91x1073 0.0005 0.9770
Co30, Gaussian 1.00x1077 7.52x107° 0.0003 0.9987
815 Cr,04 Linear 2.97x107* 2.97x107* 0.0046 0.0000
Cu0 Spherical 4.80x107™ 9.46x1073 0.0006 0.9493
NiO Gaussian 2.80x107° 2.80x107* 0.0000 0.9000
Zn0 Gaussian 9.40x107° 6.48x107* 0.0003 0.8549
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Fig.2 Vertical slice map of heavy metal compounds in soil at different depths
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Table 5  Fitting results of stepwise regression analysis

.. Py E AL AR MWD JUF Y AR GMD
Sjiﬁh’%m R HerE RA AT Yo R B
Regression equation R? Regression equation R?
0~2 Y=0.217X,+0.205X¢+0.051 0.812%* Y=0.173X,+0.172X,+0.022 0.746 % *
2~5 Y=0.364X,+0.527X¢+0.033 0.847 * * Y=0.279X,+0.393X4+0.012 0.736 % *
5~8 Y=1.892X,+1.131X4-0.04 0.880 % * Y=1.191X,+0.539X,-0.021 0.806* *
8§~15 Y=0.106X,+0.33X,+0.013 0.839 % * Y=0.213X,+0.046X,+0.01 0.674**

TE: # o FIRTE 0.01 A (XU bR #HHE,

Notes: * * indicates a significant correlation at the 0.01 level (bilateral).
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Table 6 Standardized regression coefficient

+E®E/m MWD GMD
Soil depth X, X, X, Xe
0~2 0.617 0.331 0.583 0.330
2~5 0.623 0.347 0.590 0.319
5~8 0.611 0.361 0.643 0.288
8~15 0.541 0.437 0.483 0.403
33
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