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Pollutlon Evaluatlon and Quant}t’atWe Traceability Analysm‘ of Heavy Metals 1n

Farmland, Soils Around the Gangue Heap of a Coal Mme in ‘Chongqing P, Y

MAJie' - LIU Ping' % , LIU Jin-zhao® , GUO Chq‘rl it ZH'ANG Xiu'"*" , WANG Ling- hng
(L. Chﬁngqln'g Ecological ar 1 Environmental Monitorinlg Center, Chongqmg 401147 China; 2. Rural Ecology and Soil Monitoring Fechnology Research Center, Chongging
401147, Chmd 3. Chéngqing Ldnd Consohddtlon and Rehabilitation” 'ﬁemer Ch(mgqmg 400020, China; 4. College of Resources and Environment, Southwest University,
Chongging 4Q0715 China)*

Abstract; To analyze the level and distribution characteristics of heavy metal pollution in the soil of farmland surrounding the gangue heap of a coal mine in Nanchuan,

o

w

Chongging, the Nemerow pollution index, Muller index, and ArcGIS Geostatistical methods were used. Additionally, to investigate the sources and contribution rate of heavy
metals in the soil, correlation analysis, principal component analysis (PCA), and absolute principal component score-multiple linear regression receptor modeling ( APCS-
MIR) were employed. The results showed that it contained significantly higher amounts of Cd, Hg, As, Pb, Cr, Cu, Ni, and Zn in dry land than that in the paddy field (P
<0.05) and higher amounts of Cd, Hg, As, Pb, and Cr than that in the orchard ( P <0.05). However, there was only significant amounts of Cu, Ni, and Zn in the orchard
than that in the paddy field (P <0.05). The comprehensive Nemerow pollution index was; dry land (2.77) > garden land (1.04) > paddy field (0.59); the degree of
heavy metal pollution was: Cd >Cu>Ni>Zn>Hg, As, Cr, and Ph; and the accumulation degree of heavy metals in the soil was; Cd >Hg>Cu>Ni>Zn>As>Cr> Ph.
The analysis of pollution sources showed that Cd and Hg had a significant positive correlation (r=0.756, P <0.01), which was mainly affected by mining activities such as
long-term accumulation of the gangue heap of the coal mine with a contribution rate of 51. 6% and 52. 9%, respectively. In addition, there was a significant positive correlation
between Cu, Ni, and Zn (r0.755-0.955, P <0.01), which was mainly affected by agricultural activities such as fertilization with contribution rates of 72. 3%, 63.3%, and
59.2%, respectively. Furthermore, the amount of As and Pb was affected by natural factors with contribution rates of 60. 8% and 86. 9%, respectively, and Cr was affected
by agricultural factors and natural factors with contribution rates of 38. 9% and 40. 9%, respectively. Therefore, it is necessary to strengthen the source control of Cd, as well
as pollution prevention.

Key words: gangue heap; soil; heavy metal ; farmland; APCS-MLR receptor model; source apportionment
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pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
cd 7K H 0.3 0.4 0.6 0.8 0.28
HoAh 0.3 0.3 0.3 0.6
He 7K H 0.5 0.5 0.6 1.0 0.069
HoAh 1.3 1.8 2.4 3.4
Ae 7J§ H 30 30 25 20 6.6
Hofl 40 40 30 25
- 7J§ H 80 100 140 240 8 1
oAl 70 90 120 170
o 7]§Eﬂ 250 250 300 350 244
oAl 150 150 200 250
Cu EE 150 150 200 200 4.6
HoAlh 50 50 100 100
Ni 60 70 100 190 31.6
Zn 200 200 250 300 81.9
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s HoAh 7 iﬁ%ﬁﬁﬂjﬁﬁ THERTA. ﬁ%ﬂ?ﬁ%%@%
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LG H b A7 1 S {ﬂlﬂﬁa’ﬂﬁ&%ttﬁﬂl“ A
LAERUSMIR L R, SR R T R
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- T G e e B AT M 194 B R N i B
TR BRI XA L AT 40 a, % R
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) FH AcrGIS 10. 2 3 48 3 58 B4 = 18] 476 {2

Table 2 Statistical characteristics of heavy metals concentrations in soil/mg-kg

R2 ITEVENAELESESITERY /mg-kg™!

-1

X3 it pH cd Hg As Pb Cr Cu Ni Zn
/M 4.7 0.33 0. 125 7.93 25.6 86.9 29.5 33.6 109
i PN 8.4 2.85 0. 463 17.3 68. 1 169 97.8 161 327
(n=11) SEHE 6.4a 1.43a 0.307a 11.9a 41.0a 117a 60. 6a 77. 4a 172a
BREE/% 210 59. 4 30.1 25.0 25.3 22.6 38.9 53.0 44.2
/M 7.4 0.42 0. 126 7.96 26.3 90.7 31.7 23.9 73.8
7K H TN 8.1 0. 80 0.256 11.4 39.2 138 52.8 41.1 152
(n=9) 2904 7.8b 0.58b 0.192b 9.99h 33.9b 106b 39.2b 29.4b 94. 6b
A2 5 Z B % 3.12 22.2 25.7 11.9 10.6 13.4 20.2 18.4 24.5
/M 6.6 0.47 0.117 7.42 25.5 88. 8 33.2 36.9 90.2
] b o] 8.2 1.32 0.221 12.2 40.5 127 102 81.1 192
(n=11) XA 7.7b 0.70b 0. 164b 9. 84b 33.4b 103b 67. 6a 57.6a 137a
A2 5 Z B % 7.56 40.5 21.2 15.3 13.4 11.1 36.5 29.2 22.5
/M 6.8 0.58 0. 406 7. 44 30. 4 53.5 26.0 19.3 42.9
AT o] 7.2 0. 66 0.507 8.40 40.5 59.2 29.4 21.5 50. 1
(n=3) 2914 6.9 0.61 0. 462 7.91 36.3 56.6 27.3 20.3 45.3
A2 5 2B % 3.33 6.79 11.1 6.06 14.5 5.08 6.82 5.55 9.11

) ANFVNE FRFRRFER E 25 (P <0.05)
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Fig. 2 Spatial distributions of heavy metal content on soil
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Table 4  Correlation between the heavy metals in soil

" R BRI X R /)N, 7E 0. 373

Cd Hg As Pb Cr Cu Ni Zn
Cd 1
Hg 0.756 ** 1
As 0.345 0.314 1
Pb 0.455* 0.532*" 0.504 ** 1
Cr 0.255 0.290 0.446 " 0.272 1
Cu 0.023 -0.158 0.138 0. 141 0.476 ** 1
Ni 0.408 * 0. 126 0.238 0.394 " 0.373" 0. 806 ** 1
Zn 0.508 ** 0. 195 0.202 0.444 " 0.349 0.754 " 0.955 " 1

1) " FREBEAMGCHE, P<0.05, “ FREBEHLCH, P<0.01
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Table 5 Influence factors of the principal factors
5iH H—ERT BENT W=FET

) TR/ % e I A 2R A TR/ % ek e 3 2 TUHKR/ % el I Aty 22 KX

Cd 0.551 0.781 0.163

Hg -0.051 0.882 0.276

As 0.275 0.205 0.743

Pb 2.6 0.011 18.9 0.124 1.5 0.893

Cr 0.498 0.259 0.523

Cu 0.891 -0.291 0.050

Ni 0.904 0.300 0.229

Zn 0.863 0.379 0.217
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Fig. 5 Regression analysis of pollution source
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Fig. 6 Source contribution ratios of heavy metals in soil
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