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Fig. 1 Distribution pattern of collected soil samples
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Table 3 Leaching toxicity of heavy metal elements in stone coal
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Table 4 Heavy metal pollution and ecological risk assessment of soil in stone coal mine area

fhi FEIME B ORI RS AR GRTT) ) (pH >7.5)/(mg - kg ™) T5RFH A A Y
/(mg - kg™) /(mg-kg) DR s G (L DR Ly C £ R
Cd 0.75 0.24 0.6 4.0 0.32 3.13  93.75
Cr 38.15 62.5 250 1 300 -0.40  0.61  1.22
Cu  57.88 21.4 100 - 0.26 270 1352,
Zn 167.03 69.4 300 - 0.21 2.41  2.41
Ph 47.98 21.4 170 1000 0.18 2.24 1121

pH  8.63 - -

(PRI i A b 3875 Yo U A Fe btz (1X7T) ) (GB 15618—2018) ¢

2.3.2 tTEESRIBRTH

DABR VY + 48 85 S8 R s o, 15 B 48 K
1" R FE 4, AR BRS Y B R, 2
L, <O, 5 01, <1 B REEY; Y 1<
I, <2 B s 2 2<1,, <3 B, P EEG YL Y
3<I,, <4 W, fE{5 Y 2 4 <1, <5 W, Fi55; 20
1,=5 i W m s et o vy £ X R Cr LU
S AU RR T 4 BT R R TR IETG Y, H gk
Cd 75 Y X 3 8, Hoyk & Cu Zn F1 P, BLHIH™ X +
HEZ B — E R TS RIS Y AETE—E B A S o

2.3.3 TIHESBAETSNEFHM

RV AL A 516 T MO 22 B A R X L e
ERIGRI SN (R 4) o WKs Er {ERR/ME
0 J I g — o 3 e B R A 2 KU, , AT O T 4 )
FEE I=p it/ iy REe o 8

SRR A 2508 FH AR RO 22 A 15T X e
ERIGRMAES N (WK 4) o RIEHAEAE BB E R
B, S — T R TEA S HF IR (L) 5 X

FREEZ RN 2 B <40 B, WRMESfEE Y
40<E <80 i}, A S HE; 4 80<E <160 i,
A fEE 2 160< B, <320 B ARRA DG E Y
E, =320 i, Wi 2505

Mo X £ Cd MELESEERE S
93.75, )8 Tk E A G ;1M Cr.Cu Zn Pb ¥ TEA L
FEERB(E) BN T 40, 8 TR ESEERE, %
HSMESETEMBAEESEFL IR N
122, HRHESCHR AT %0, 24 RI/NT 150 i), J@ T4 00k 4%
foEER

4 FhEE 4 A MV AR AR A G T t R B 59Ky Cd >
Cu>Pb>7Zn>Cr, PEPTLHEABRN X+ HE 4815 %
P AE G F AT RER o Cd 2R G AR A 8 KU 1T
Wi, RIAWFFE X L3 Cd ¥5 Yt A vl BER IR T
Vap o S I i WA R (N QU NS S D)
S5 JL DR 1 1l 1 DU SRR RS BRI, b Cd 2R X+
A BT A A SRR R T, X R SR ST I
AR X Cd JE 3 i AR 75 R B KA — 2, i, Cd
5 YL 5 | e EE AL



2 AEAELL A5 VY S PR X T 4 S 15 Y S A S KU TR - 161 -
. [16] T2 =FFA R IR 5L Bk AL AR AERF 5T [ D] AP E Bk
3 it J2 2016,

¥

GREE AT Cd Cr Cu Zn Pb %5 5 FiE 48
JCR T TR A, IR EBR Zn TR, A
IR 4 FIE 4 R TR R B 0 2 (T K& A
HEbR HE) (GB 8978—1996 ) — e nHEFR . BT A T
RI2 R BT CRER R Y S5 5 bi e 32 1 2
A1) (GB 5085. 3—2007 ) 1) ¥ B BRAE , N & T 1 B
Y ABE T T (b R K B AR ) (GB/T14848—17 )
TS hRUE A7 AL T 7K 5 G AR o 2 B P A I X
138 Cd .Cu Zn Pb ST R & AT M AT B VY L4875 5
B, X HEHEEELTREL K ESGER
e o, 0 X 4 rp Cd & i T (- B0 5 o o
A Hb A 38 75 e KU 48 A o (184T) (GB 15618—
2018) Hf R Y AU i B, VR E AR A R, T
SRR E N, It HIZ R IC—E 175 Y B i 15

B2k

[1] HEEE, XUF, BEAE , 5. 0 A6 R DR 3 i T e R 7S
K PEST [T ]. B354k ,2013,32(1) 1132 - 138.

[2] h/halk, Fegdtn, 25 B, 5. Rl L IXR ) H 3 4 ) 40 A 5o TR
SAHrL)]. FRBERLA,2010,30(3) 1768 - 774,

[3] A7 ORI, R, 55, A BE R IX 4 8 T 4 3 4 RURG 3T
[J]. {624 T 72,2018,46(3) :6 -9 +15.

[4] BAKIS R, TUNCAN A. An investigation of heavy metal and migration
through groundwater from the landfill area of Eskisehir in Turkey [ J].
Environmental Monitoring and Assessment, 2011, 176(1 -4) . 87 -98.

[5] Thufe AEWTR . BERT A LR X R L R i A [T ).
REVRFF B IR, 2017,31(3) :55 - 57 +25.

[6] skifE R, £ EFR, ESNBEE. i RO PR R 1L T [T ). BB R}
#.,2013,34(3) :1174 - 1180

[7] I3, Ao, 2 5. BE N E S BR R ]. 35T LR
4, 2014 ,8(8) ;3385 - 3389

[8] INIETR, B, FEIRSE . A MR MK BEBON 138 T8 4 R L5147
FSZIR [ )] 7K R PRIFAE41,2016,30(1) 1300 - 314

[9] % ZHeNs N BV A BERAE” — Bk r A TR ER & AT K
A [T]. B, 2012(8) 126 - 27.

[10] E0, PRI, TTERI1. 22 HE Ty rg 3 MR s B2 R4 T (]

BN L5455 FH,2019(1) :65 - 68.
[11] EEA. Ber A 68 IR A& R [T]. W5 AR K I % ,2012(9) :90 —
91.
[12] #L7E RSN, 2B, 55, AR X L 3T 4 )8 15 Y KUK 3T M
[J]. fL2£ T 72,2018,46(3) :6 -9 +15.

[13] kit , FHET, &R0, 55, PUG IR R 2 il 22 A 0T T8 4 )8 1) g SR 4
fE[T]. TAFRI2%,2016,38(10) ;1410 — 1416.

[14] 7, £7. I BB TR X - HE T 4 8 V5 Yo 1 1 A 25 XUR TE (A
[J]. gl FREEFl 2244 ,2013,32(3) :595 - 600.

[15] BHAER. 22 Fe i £F a0 B8l o BT AE [ 1] 0 6 L #&, 2014, 33
(30) :310 - 311.

[17] gt i 2, Bk, 55 Sloliis KT 5 R ey xt Hg (1) MR B 1
WEFELT]. HRHRY,2007,40(5) ;58 - 60. A HiRl,2015,36(3) :
1037 - 1044.

(197 JrIeise, s, B0 , 5. 1] 1o 2 T 7 A7 bl - 398 o 4 35 Y eI S
AP [T]. BT AE &4 ,2015,26(6) 1883 - 1891.

[20] WU Y, XU Y, HU S H, et al. Ecological risk assessment of envy met-
als in contaminated soil base on engineering fuzzy set theory [ J]. Ad-
vanced Materials Research, 2010, 956(113) . 815 —818.

[21] E95, DRA, &P, 5. Pt X - 3e T 4 8 15 Yo RRAE B A 25 KUK
P ROl B S5 3R5E 2441, 2013 ,30(5) <44 - 47.

[22] PANLB, MA J, HU Y, et al. Assessments of levels, potential ecolog-
ical risk, and human health risk of heavy metals in the soils from a typi-
cal county in Shanxi Province, China [J]. Environmental Science and
Pollution Research International, 2016, 23(19) : 19330 - 19340.

(23] T U2, e S I, 45 TR A e H IR BOL P T8 R 15 1
REOTHELT]. B8R 540K, 2008,31(2) : 112 - 115.

[24] Zhai Y B, Wei X X, Zeng G M, et al. Effects of metallic derivatives in
adsorbent derived from sewage sludge on adsorption of sulfur dioxide
[J]. Journal of Central South University of Technlogy, 2014, 11(1)
55 -58.

[25] . =Pl IR HARBE 7 4y v foi T 28 PR B0 05 3t Bk A 2 A1
[D]. ZHIET K ,2005.

[26] =52, MbBRik, ko, 5. A BT &R T 4 )8 15 3 IR & T 50
[J]. BEMRFREEAR I ,2005(2) :58 - 61.

[27] RO S VR X B4R T R B ERAL AR IERF 5T [ D] R
P R T KA ,2012.

[28] FEI0AN, Bkl , EAAR SRR TTR KPR ROV [T ]. BB R} 2
HHiA,2010,33(10) :179 - 182.

[29] A &, 2 el BRI &, 45, b R SR A T S AR LT ]
WA ,2007(1) .1 - 4.

[30] JE S, B SO. FP RSP RO TR [ M. Lt /55 ED-H 1 ,2004.

[31] LA, , X oge sl A, 55 A o T R BRfE 2 [ M. Je st B
2 At ,2006.

[32] DAL SF, ZHOU YP, REN DY, et al. Geochemistry and mineralogy of
the Late Permian coals from the Songzao Coalfield, Chongqging, southern
China [J]. Science in China (Series D Earth Science).

[33] ThUE (RW]5, B . BERT A7 35 Pk R B2 J] 30 4 30 58 52 i 53 A7
[J]. BBV (R ,2017,31(3) .55 - 57,25.

[34] oviss , 0 FUke, 253608 46 T ILRE H T 22 7 X 8 5 R LR AT 11y
o SR L TE R BRI AR AE [T ] B 241, 2010,35 (1) : 110 -
116.

[35] LUOK L, WANG WY, YAO GH, et al. Mercury content and it’s dis-
tribution in Penno2 carboniferous coal in Weibei area, Shanxi[ J]. Coal
Geology & Exploration, 2000, 28(3): 12 - 14.

[36] MR, WhARE, GE. DHRRHEL TR A -8 i 35 YL RRAIE
B AR ASBA3 [ 0] L5 4alk 2441 ,2019,47(6) =79 - 83.

[37] HAKANSON L. An econology risk index for aquatic; pollution control a
sediment technical approach [J]. Water Research, 1980, 14(8) : 975
-1001.



- 162 - R S 2021 4F

Heavy Metal Pollution and Ecological Risk Assessment in Haoping Stone Coal
Mine Area of Shaanxi Province

CUI Yahong', CUI Wei®, MENG Qingjun', LI Wenbo', FENG Qiyan', ZHOU Lai'

1. College of Environment and Mapping, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China;
2. China Shaanxi Huacheng Industrial Co. , Lid. , Xian 710000, Shaanxi, China

Abstract; Mining of stone coal will cause heavy metal pollution in mining area andsurrounding soil and water body. The
heavy metal Cd, Cr, Cu, Zn, Pb of stone coal and surrounding soil in Haoping Stone Coal Mine of Shannxi Province was
determined , and the leaching toxicity experiment of stone coal was carried out. Land accumulation index and potential ec-
ological hazard index were used to evaluate the pollution degree and potential ecological risk of soil heavy metals in mining
area. The results show that the content of Cr, Cd, Zn in stone coal is higher than that in Chinese coal and world coal. The
contents of Pb and Cu are close to those of Chinese coal and coal in the world. Although the leaching toxicity of five heavy
metal elements is lower than limit value of Hazardous Waste Indentification Standard Leaching Toxicity Identification, both
of them exceed the class Il of Groundwater Quality Standard. The content of soil Cd, Cu, Zn, Pb in Haoping stone coal
mine area in Ankang exceeded the background value of Shannxi soil. The soil heavy metals in mining area were at the lev-
el of light pollution and the comprehensive ecological damage was slight. The content of Cd in the soil of mining area ex-
ceeds the risk screening value specified in Land Envrionmental Quality and Control Standards for Soil Pollution Risk of Ag-
ricultural Land( Trial) , and the potential ecological risk is large. Therefore, the Cd pollution in the soil of the mining area
should be prevented and controlled.

Key words: stone coal; heavy metal element; leaching toxicity; potential ecological risk
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