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Abstract: Accumulation of coal gangue can release trace elements into the surroundings, causing severe soil
pollution. To access the soil deterioration and environmental contamination by trace elements under the
coal mining activities, soil and coal gangue samples were collected from 3 different mines (Xinzhuangzi,
Panyi, Gugiao) in Huainan city. Anhui Province. China. Concentrations of trace elements (Cd, Cr, Cu,
Ni, Pb and Zn) were determined using an inductively coupled plasma atomic emission spectrometry (ICP-
AES). The results show that Cd is the only one element that exceeded the soil background of Huainan.

There are no obvious characteristics {or horizontal trace metal distributions. The oldest mine presented the
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worst contamination for the time effect (old mine”> middle aged mine™ new mine). The soil pollution

assessment using individual pollution index suggests that Cd presents light pollution in Xinzhuangzi Mine,

and minor pollution in Panyi and Gugiao Mine. The three mines all present moderate pollution risk

evaluated using superimposed indices. Potential ecological risk index indicates that Cd element poses a

considerable potential ecological risk, and the soil of the three mining areas has medium ecological risk.

Key words: Huainan coalfield; soil; trace element; spatial distribution; ecological risk assessment
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Fig.1 Sketch map of the coal mine showing the locations of sampling points
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Tab.1 Chemical properties of the soils sampled near the coal waste piles
pH EC/(107's * m™1) HHLE/ Y% BB/ (mg» kg™ BA/(mg- kg™
8.13 365.23 6.21 329.19 1281.31
AL
(7.24~9.76) (219.82~860.00) (2.26~24.05) (12.44~1011.72) (525.78~4948.42)
6.88 264.61 3.82 191.88 824.73
w—n
(5.57~9.45) (137.26~602.64) (2.50~6.81) (29.62~667.97) (366.51~1505.10)
6.68 234.68 3.97 258.32 1203.24
JB A5
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Tab.2 The contents of trace elements in soils and coal residue in the coal mine area(unit:mg * kg~')

Cd Cr Cu Ni Pb Zn
- 0.11 42.59 23.08 20.78 14.31 40.96

o 3 Bl ND~0.31 24.29~65.37  12.23~51.14  11.28~35.13  1.96~24.63  25.5~65.08
ég T i 22 0.07 8.04 6.69 1.83 4.17 8.49
v 5 AL 0.61 0.19 0.29 0.23 0.29 0.21
[IREL RO 0.14 71.80 33.59 18.56 20.48 45,55
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Fig.2 Relationship between the contents of elements in soil and the distances
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Tab.3 Individual pollution index of soil in the coal mine area

Cd Cr Cu Ni Pb Zn

e 1.83  0.66  0.96 0.81 0.47  0.51
H—H 2.33  0.72 0.77 0.79 0.31 0.38
BigH 2.33  0.68  0.76  0.78  0.29  0.35

(D& X A3k s Bk 15 Qe e
VLE R b S S (B o 7 Qe W B o A vfi 3

SEAS 3 A X 3 v B T A Y T ek n s UL
AR A AT UL AR X A S5 G R O BT AR
W= — 8 = W (B 0 > R AR >3, ml
DL X LS G B A ) SRRSO 20T 1Y 2 i
ot 2B X ROt D0 3R 15 Yo B B S 4%
il B4 o [ I 75 22 T )7 I I ) 0 3 B 1t — 20 o B
A ARRT B 75 Gt AR 5 4 R A 3 R Y o)
Gehnif, 3 A X L B X 2 B 1 G G Halim
AFC 5 Liv SV R BRI S 3T X 4 3 A
T ERR TG GE.
T4 TRIEMEMIER

Tab.4 The superimpose indices of soil in the coal mine area

X LR p
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w—0" 5.23
JBATY 4 5.19
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Tab.5 Adjust the classification standard of potential ecological risk index
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Tab.6 Potential ecological risk index of soil in the coal mine area

Cd Cr Cu Ni Pb Zn Cy RI
Ci 1.83 0.66 0.96 0.81 0.47 0.51
B 5.23 67.98
Eri 55.00 1.31 1.78 1.04 2.35 0.51
Ci 2.33 0.72 0.77 0.79 0.31 0.38
w0 5.31 81.18
Eri 70.00 1.43 3.85 3.97 1.54 0.38
Ci 2.33 0.68 0.76 0.78 0.29 0.35
JE AT B 5.19 80.83
Eri 70.00 1.35 3.79 3.89 1.44 0.35
3 EEw (2] e NRSEFEFE RS R, &1 X0 1035 31
Za Te

(DR X L8 Cd,Cr,Cu.Ni,Pb fil Zn JC
RN & E KT E A X S e S L R
Cd L&A oA 5 FhocREHIEF WS EHMRT +
BT SEAT A R i i T R S e e T R

(IDCd,Cr, Cu, Ni.Pb fl Zn JC % #Y % B K F
H& 1] 43 A7 BFEAE AN B 8. Cd, Cr, Cu. Ni, Pb A1 Zn
TTRETEFH S ERR B ZT > PET >,
U B X Y T e B A (] SRR AR

(ITD DAV R T 38 S (AR B PPN 2 B o, (il
FH 3 Fp O 4 X A 58 HE AT PP A B TS Y 4 Bk
WANGES 18R Cd J0 % 468 E 00 1 i 1 B s 4
TE W — 47 FN U 7 3 1 1 % BE T e, HoAts 5 A ik i
TG W BTG Y d8 0B JE F J0 15 Y A5 9 1 N 4E 5
AP A 3 A0 X 85 Y G 8 0 h B TS
s AR AR S KRS 15 BOE SN 458 T X R IR Y
Cd JTF B A A Y KA1 78 2L A KUK, HoAth 5 F st et
JTCEJE TSR, 3 M Xy LY BA
SR AN

£ % 3 ik (References)

[1 ] fe NRILAMEREZSG R, 454 X0 0 35548 I g
B(2008 4F) [EB/OL]. [2016-07-15]. http://www.
stats. gov. cn/ztjc/ztsj/hjtjzl/2008/201006/t20100613 _
70527.html .

W (2010 4) [EB/OL]. [2016-07-15]. http://www.
stats. gov. cn/ztjc/ztsj/hjtjzl/2010/201112/t20111227 _
72473.html .

[3 ] AHu, xIEg, E2X0], & M BaEe L rssh
R G E M oA B I A BRI i E R 2R
REE2E4R, 2014, 44(2): 119-127.

[ 4] PANDEY B, AGRAWAL M, SINGH S. Ecological
risk assessment of soil contamination by trace elements
around coal mining area [ J]. Journal of Soils and
Sediments, 2016, 16(1). 159-168.

[5]REZA S K, BARUAH U, SINGH S K. et al
Geostatistical and multivariate analysis of soil heavy
metal  contamination near coal mining area,
Northeastern India[J]. Environmental Earth Sciences,
2015, 73(9): 5425-5433.

[ 6 1DANG Z., LIU C J, HAIGH M ]. Mobility of heavy
metals associated with the natural weathering of coal
mine spoils [J]. Environmental Pollution, 2002, 118
(3): 419-426.

71 FBXIAR, T O, XM, &5 AR 2 BT A rh 358
BUE PR TR IR A ] P RE %R A RF
#RR) . 2016, 57(2):703-710.

(8] Iigit)m. WepTh 2015 AFE R AT AL & L RE
it/ #% [EB/OLJ. [2016-07-15 1. http://tjj. huainan.
gov.cn/15642284/18956927. html .

Lol Mm i gl R, 2015 4F M M 48 1 48 % [EB/OL .
(2016-05-22)[2016-07-15]. http://tjj. huainan. gov. cn/
15642315/19614315.html .

[10] ¥ rg SCH . T8 R 113 45 32 R0 HOIR 90 81 HE 37 2238 T4



420 TEAFHAREFR

47 &

AT By B [ EB/OL]. (2015-05-28) [ 2016-07-15 1.
http://ahhn. wenming. cn/cscj/201505/t20150528 _
1750771.htm .

[11] ZRRASBURTAT, R . 97 X+ b & B R0 A% 7 28 fk
ARV Rk R4, 2012,28(3) :251-256.

[12] EXH. AL XIHEEE L 4%, Zn. Pb, Cd, Cu 45 3E 75 57
FEFCHEDRF A 1L BEIE - BERE Y A AR AELT ], P E
Bhep B AR K224 4, 2012,42(1) :17-25.

[13] MOOR C, LYMBEROPOULOU T, DIETRICH V ]J.
Determination of heavy metals in soils. sediments and
geological materials by ICP-AES and ICP-MS[]].
Microchimica Acta, 2001, 136(3).:123-128.

[14] #h5E . BN, 4. 45 ICP-AES L€ £ AR Fh
MR T R & i [T, otk 5otk . 2007, 27
(2): 371-373.

(151 ZRIUT. . bk, £ 3 —. 4. ICP-AES % Il 52 7 K
B X AR KK i T R LT Gk 5
AT . 2007, 27(3) :585-588.

[16] HAKANSON L. An ccological risk index for aquatic
pollution control: A sedimentological approach [J ].
Water Research, 1980, 14:975-1001.

(17] g JRMs. g, ke, % R IEh AR X 15
hEEBEEREURL]] AR, 2004, 41(6):
896-904.

[18] DANG Z, LIU C, HAIGH M ]J. Mobility of heavy
metals associated with the natural weathering of coal
mine spoils [ J]. Environmental Pollution, 2002, 118
(3): 419-426.

(197 R3¢, I R%s, WEE. SUMNABERT A KAk -3 -R
EV RS R WEV ] R F TR %W
CHABLERD . 2010, 29(7):1326-1332.

[20] ZE&RH, Jrococ, MEESF, 55, BEAT A e & 1 4
J& 15 YRR A —— LV EAE T h DA i S LT, S
Ho R 5 #2004, 32(5) . 15-17.

[21] kB, T, B XAaFa M0 2 E 4SR5 5
FRAE SR LT, K H R4, 2007, 21(4) :189-192.

[22] Wk, LA, EE » INMA/R . S5 B AR 0 I 13
el R 575 RN LT P EFER, 2013.33

(10): 1821-1828.

(23] X#. HEE, TH, 5. EREOHRERY X LHES
J& 15 R BURTEAN MOR W43 #T LT 1. S8R, 2016, 37
(5): 1938-1945.

[24] NIU S, GAO L., ZHAO J. Distribution and risk
assessment of heavy metals in the Xinzhuangzi
reclamation soil from the Huainan coal mining area,
China[J]. Human and Ecological Risk Assessment: An
International Journal, 2015, 21(4): 900-912.

[25] NIU S, GAO L, ZHAO J. Risk Analysis of metals in
soil from a restored coal mining areal J]. Bulletin of
environmental contamination and toxicology, 2015, 95
(2): 183-187.

[26] HALIM M A, MAJUMDER R K, ZAMAN M N.
Paddy soil heavy metal contamination and uptake in
rice plants from the adjacent area of Barapukuria coal
mine, northwest Bangladesh [J]. Arabian Journal of
Geosciences, 2015, 8(6): 3391-3401.

[27] LIU G. TAO L. LIU X, et al. Heavy metal speciation
and pollution of agricultural soils along Jishui River in
non-ferrous metal mine area in Jiangxi Province, China
[J]. Journal of Geochemical Exploration, 2013, 132
156-163.

(28] e ha . MON4E, JROGE, . WTEA B8 F f8 B0k T
Hrp | SR FEEREOTEL] BRI 55K, 2008,
31(2): 112-115.

[29] BILWE, 1R85, Hol. EASEERLOLE AT
PeAT ol A 3535 B AP AN R [T SRR I K 2 A
. AARFIZEN, 2005, 1: 111-116.

[30] ZHANG J. DENG H. WANG D. et al. Toxic heavy
metal contamination and risk assessment of street dust
in small towns of Shanghai suburban area, Chinal]].
Environmental Science and Pollution Research, 2013,
20(1) . 323-332.

[31] LIZ, MA Z, VAN DER KUIJP T J, et al. A review of
soil heavy metal pollution from mines in China:
pollution and health risk assessment[J]. Science of the
Total Environment, 2014, 468 843-853.



