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Abstract: During the coal mining process, a large amount of waste such as coal gangue and coal washing water is gener-
ated. The heavy metal pollutants in those wastes migrate and diffuse into the surrounding soil and water environment
through sedimentation, runoff, leaching and other processes, posing a threat to the ecological environment. In order to
study the heavy metal pollution in an abandoned coal mine area and to evaluate its ecological hazard risk, the contents of
Cu, Pb, Zn, As, Cr, Ni, Hg, Cd elements in the coal gangue, water and soil samples of the mining area were detected. The
single factor index method and potential ecological hazard index method were used to analyze the heavy metal pollution
and its potential ecological hazard risk. The heavy metal pollution in the soil downstream of the coal washing plant in the
mining area was mainly studied. The improved BCR continuous extraction method was used to analyze the forms of heavy
metal elements (Cu, Zn, Cd) in the soil samples and the risk assessment coding method was employed to evaluate the
bioavailability and environmental risks of heavy metal elements. The results show that: (D on average, the heavy metal
contents in the coal gangue of the coal mine area are relatively low, with only Cr element content being slightly higher
than that in soil. Moreover, the heavy metal element contents in the coal gangue do not exceed the risk intervention values
for the soil of agricultural land, which has a little impact on heavy metal pollution in the soil. 2 The heavy metal contents
in the mine area’ exceed the standard, including that of Cu, Zn, Cd, Ni and As elements, and the Cd pollution is relatively
serious. The pollution areas of Cu, Zn, and Ni elements are mainly concentrated in the western and southeastern parts of
the gangue hill, with a certain overlap in spatial distribution. The As element pollution is distributed in the northeastern
part of the gangue hill, while the Cd element pollution is widely distributed in the mine area, with moderate to severe pol-
lution. 3 The Cd and Hg elements have potential ecological hazard risk, with a higher risk for Cd element. The compre-
hensive potential ecological hazard risk (RI) of heavy metal elements is mainly moderate to strong. (4 The contents of
heavy metal elements in the soil downstream of the coal washing plant show an overall decreasing trend along the water
flow direction, with the Cd element pollution being more severe, and the Cu, Zn, Ni, As element pollution concentrated
within 200 m downstream of the coal washing plant. The heavy metal element contents of the profile sample shows a de-
creasing trend in the vertical direction, with no accumulation in the vertical direction. (3 The groundwater quality in the
mine area is good, and the pH and the contents of heavy metal elements in the mine water meet the limit values of Class III
surface water quality standards. The discharge of mine water drainage has a little impact on heavy metal pollution in the
soil. (® The proportions of acid extractable Cu and Zn elements are low, with low bioavailability, while that of Cd ele-
ment is high, presenting a high-extremely high risk, with strong bioavailability and high environmental risk. Based on the
current situation of heavy metal pollution in the mining area, it is recommended to further strengthen the prevention and
control of heavy metal pollution, strengthen the source control, monitoring of agricultural food safety, and the investiga-

tion and research on the Cd element pollution.
Key words: heavy metal pollution; coal mine; potential ecological hazard risk; speciation of heavy metal; bioavailabil-
ity; risk assessment
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Table 2  Statistic results of heavy metals in coal gangue mg/kg
K Cu Pb Zn cd Cr Hg As Ni
15 43.30 27.00 104.00 0.42 136.00 0.007 10.80 42,90
2% 28.70 22.20 82.50 0.40 92.40 0.013 10.30 34.50
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Table 3 Statistic results of heavy metals in soil

AN/ (me - kg1 B
B RIOE
TE g b

WA b R P WRE o /% FrEE

Cu 71.56 27.60 4471 45.00 22.14 50.0 2414 143

Eﬂh.

Pb 9223 25.10 49.87 48.80 33.01 100.0 0 -
Cr 116.40 77.00 99.84 98.40 58.08 250.0 0 -
Zn 665.00 88.00 191.45 176.00 71.30 200.0 31.03 3.33
Cd 1.83 032 1.06 1.07  0.11 0.4 9310 457
Ni 121.00 29.60 55.09 51.60 21.43 700 13.79 1.73
As 4560 9.13 2401 2247 11.67 300 2414 152

Hg 048 0.12 021 0.19  0.10 0.5 0 -
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Table 4 Evaluation results of single factor index method for

heavy metal elements in samples

R i /%
TR Pi<1 1<P;<2 2<P;<3 P>3
E[SEC TRV TG Y G

Cu 75.86 24.14 0 0
Pb 100 0 0 0
Cr 100 0 0 0
Zn 68.97 27.59 0 3.45
cd 6.90 20.69 27.59 44.83
Ni 86.21 13.79 0 0
As 75.86 24.14 0 0
Hg 100 0 0 0
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Table 5 Evaluation results of potential ecological

hazard index method

FE 7 /%
LR Ei<  40<E< S0<Ei< 160<Ei< E>
4052t 80P 4 1607% 3207R5E  320#%5R

Cu 100 0 0 0 0
Pb 100 0 0 0 0
Cr 100 0 0 0 0
Zn 100 0 0 0 0
cd 0 0 17.24 37.93 44.83
Ni 100 0 0 0 0
As 100 0 0 0 0
He 0 55.17 37.93 6.9 0
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Table 6 Evaluation of comprehensive potential ecological

hazard index
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Table 8 Statistic results of water samples
Btk M4/ (mg - kg™
By : pH /I
Cu Pb Zn Cr Ni As Hg Cd
SYO1 0 0 0.017 80 0.004 15 0.02260 0.00059 0.000 045 0.000590 6.86 ReHLRIK
SY02 0 0 0.008 12 0.00389 0.00134 0.00008 0.000 028 0.000 037 7.14 Ik
SY03 0 0 0 0.004 50 0.00034 0.00144 0.000022 0.000038 6.76 FHak
SY04 0 0 0 0.00442 0.00033 0.00022 0.000017 0.000 046 6.67 Itk
SY05 0 0.00025 0.07850 0.00393 0.03220 0.00007 0.000012 0.003700  6.30 Ik
SY06 0 0 0 0.00421 0.00338 0.00076 0.000002 0.000120  7.38 RHLRIK
SY07 0 0 0 0.004 60 0.00062 0.00074 0.000 004 0.000095 7.22 Itk
SY08 0 0 0.000 55 0.00351 0.00048 0.00443 0 0.000 060  7.11 Ik
SY09 0 0 0.000 42 0.003 54 0.00955 0.00154 0 0.000 028  7.20 BIGYIRUK, Bl
K PR R
SY10 0 0 0 0.00346 0.00040 0.00059 0 0.000 024  6.91 =K
SY11 0.067 1 0.00244 298100 0.00356 0.73400 0.00044 0 0.044 100 4.59 RRAILSUK, wiEsh,
A ZE Wi
SY12 0 0 0.00822 0.00329 0.00552 0 0 0.000 560  5.53 Ik
SY13 0.001  0.001 0.026 00  0.00400 0.05000 0.00500 0.000 100 0.001000 7.19 W IHEK
SY14 0.001  0.001 0.00300 0.00400 0.00200 0.00500 0.000 100 0.001000 7.23 ok
M2 FAOKBbRE 1.0 0.05 1.0 0.05 0.02% 0.05 0.000 1 0.005 6.0~9.0 GB 3838—2002
M2 FAKK BibRifE 1.0 0.01 1.0 0.05 0.02 0.01 0.0010 0.005 6.5~8.5  GB/T 14848—2 017
A HEBK FRAE 0.5 0.20 2.0 0.10 0.20 0.01 0.001 0 0.010 55~8.5  GB5084—2021/kH

VeV

TE: 0.02% 2 U A TG IR K MK PR 72 55T H NTC R bR A

e 22 R, BT R ST X+ A R A A 4
AR RIS KBS, DAVERRE T R WV 7K 3 77 1) B
5, B FEEIGYICE Cu, Zn, Cd, Kk BCR
PEBGE T T 450 RIS, 85 R NE S Bk,

WIS AT, H3ERE S Cu il Zn JTTRIRES
Fede iy, Cu JCR R 3K 69.52%, Zn JCR RIS
47.05%, Cu Ml Zn JG % IR AT $2 HUE 5 LUK, Cu F1 Zn
JUER DIFRIE S R 3 M T Cu fl Zn TR, FEfH Cd
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Fig.5 Distribution of heavy metals elements in soil samples
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FerE v Cd JTTRAYARME R E KT Cu fil Zn JTTE.
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A SCHRARE Y, R dE R 4 B A S L,
AL SRS P i i35 (RAC) R4 @ e KA A
RCPE R EE KU HEAT VA o RUBS: PEAN gt v 11382
K RAC=T n] #2585 b / 4 J8 2 x100%, H
P4 A5 U TG KU RAC<19%; iR KUK 1% <RAC<
10%:; 25X 10% < RAC<30%; i XU 30% <RAC<
509%; e i XU RAC=50%., i it 3RS o Cd ot
Z RAC 1 30.90%~55.22%, 5% 25 5 KU — % 25 XU
A UL, JRFEET X Cd JCR IS YL ™ i, A= WA s vk,
A JRURS: 155 o
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(1) DIEISETT, B 550 XA A v 4R e
IECEAR, AN Cr JU 3 T 40 500k i T b iy B it
38, B A 4 T 3R T i A B A A
(1K) 4 3t = 39 JXURG: i e (L, XA (X 4 38 7 4 V5 ety
M7

(2) B X 8 4 B AR T E N Cu, Zn,
Cd. Ni. As, Cu. Zn, Ni fll As JCR V5 YL, Cd T
FI5 YL ™ E; Cu, Zn., Ni JGHR V5 4L X 3= 35 4E R 7eht
A1 L PE SRR e B B, A6 28 [0 A B — A
As JTUR G Y A R A LRI ER bR, Cd JT R 5 Y
FEW X ) 200, A EE— R G e £

(3) Cd. Hg JCEAFEREE NG HE N, Cd T HE
WIEASEEXSRE S, EeBITREAWELS
13 XU S A i, 2B Ry v A XU

(4) V) U IR K I 1) L A R T R
SRS B, Cd T RIS P E, Cu, Zn, Ni,
As JCR ISP PAEYEIET R F 200 m P, I TEAE S P
A )y ) L E AR TR A R, ) Rk
AR,

(5) B X b N AKOK BTchr, K 4R TR &
T M pH i R T2 R A K AR fEBR A, B 7K S HE
X} 00 A e T A SRS YL RE /N

(6) Cu Fl Zn JCE 2 AT $2 U LA, 2B 3L
PEAR, Cd JUZ R T HR I 7 L, 22 v B XU — A
AR, A=A i, R85 XU 157 o

WX Cd JC R 15 Y™ 5, FESUM SR 21X 1 4
AR 15 YBR TAE: © ik 2, 97 X H e
Kt EnE A HEAE, @ B0 R LG R I B, /b HEnT
AU, BT AU INsR R IG B | AR AL BT A M
Gtk K s @ fnsis DX A 7 i 2 il e A W, % 1
15 Y DCGE IR A E D AR S5 #, BERh 4R & SRR
1EY; B hsaa thAE S B E SR8, sk Cd TR Y
A 5098 TAE.
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