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Abstract: Atypical coal gangue stockpile in a coal mining area in northern China was taken as the research object, and the pollution
characteristics of seven heavy metals (Hg, Cd, As, Cu, Pb, Cr, Zn) in coal gangue and surrounding soils were systematically analyzed
in this paper. A comprehensive methodological framework—integrating the geo-accumulation index, Nemerow composite pollution
index, potential ecological risk index, and Hydrus-1D modeling—was employed for current environmental assessment and dynamic
predictive simulation. The key findings were as follows: (1) The mean concentrations of Hg, Cd, As, Cu, Pb, Cr, and Zn in the
studied soil were 0.03, 0.17, 17.79, 27.36, 24.10, 67.63, and 71.20mg/kg, respectively. While these values exceeded the local
background levels, they remained below the risk screening thresholds established by GB 15618-2018. (2) Convergent results from
the three evaluation indices identified Cd as the predominant pollutant elements, its geo-accumulation index was 0.31, its
single-factor pollution index was 1.862, and its single ecological risk coefficient reached 55.87, contributing 40.9% to the total
potential ecological risk. (3) Migration simulations predicted that under precipitation leaching, the transport and accumulation rates
of Cd varied with soil depth. Migration was relatively rapid in shallow layers (0~2m). Although concentrations were lower at greater
depths, continuous accumulation was projected, indicating a persistent and non-negligible long-term risk. In conclusion, an integrated
methodological framework of “status assessment, risk prediction, and tiered management” was established in this study. A scientific
paradigm was provided for transitioning from passive remediation to proactive early warning in the prevention and control of heavy
metal risks in mining-area soils.
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Table 2 Classification standards for lgeo

Igeo e 1YL
<0 0 o
0~1 1 R
1~2 2 i B2
2~3 3 R
3~4 4 i 7L E
4~5 5 HE
>5 6 [

1.3.2 WHZIRE NP IEEUEH Nemerow 4
A% O AR A AE T FE L REAR ST 35035 e oK~ 5 < e ™
H Y5 LR IR R0, B TS A S BR IR BE A i 4TS
JeWahr ™ BEARTG JNIT I) 5 A I )
HAXN:

C
p=1i 2
= )
PZ + P2
Pmix: ave 2 max (3)

PN | TE 4 JETT R85 CoNE | TE S

BRSNS N E SR | AR, AT 5L
FHAZAE 4 38 5508 Pave 45 T EL & & V5 e i 250
(37 58 Pmax 955 T00EE 42 & 15 Y i B0 e KAl
Prmix NI E 25415 e AR 50 A 2 Fi 2005 s o 1
Pt WA 3.

*®3 ABTIERSRITE

Table 3 Classification standards for Pmix

Pi TRER Pnix TTRENR
<1 i <0.7 i
1~2 R 0.7~1.0 RS2
2~3 i 1.0~2.0 =354
>3 HEF 2.0~3.0 g
>3.0 HJE
1.3.3 WAEAEDSREAEE 8R4 A5 2 H

Hakanson #2H, RIS 2518 7 B & @&, WREM
A A RNTI8 A A AN R

E =T R 4)

RI=Y"E ®)
KT NESE | R KR
B P BUBRE B S &R T 05108 Hg=40,
Cd=30,As=10,Cu=Pb=5,Cr=2,Zn=1; E/ NH —HE4
BB E S RS TEECRI AL TR &R 2 a0

FELEZS RS TR B B AE AL S KRR B 7 G R 4.

F 4 BEESNEERSRIRE
Table 4 Classification standard for RI

E RI ARG
<40 <150 B
40~80 150~300 4G
80~160 300~600 T
160~320 >600 1R 58
>320 — A

1.3.4 HABRAETM T Hydrus-1D HHTiER
B, R CGASERZ PN HAR S0 L3 PR (X
7)) (HI 964-2018)MO145 H ) — 24k 3 v %5 Jo T ]
By s £ W

oc) o oc) 0

o :E(QDEJ_E((}C) (6)
0 IS KE %2 NETARFR S Z S
B),cm;t AR AR R dye AV IR, mg/L;D K3
FIRECRELmAd;q B TE R, m/d.

R A5 37 Hh 7K SCHb R 8240, AT A HE 3 JEG T
NESBORHEHMAN 6 B JEE N 1L.Tm 4 H
(A PP HoR S 0 R KIAEE) (HI 610-
2016)POV5E FH 5C bR A, HE 5 HA (1 AR A O B S
WIZR 5 fiw.

Fz5 TIEERBWTESY
Table 5 Main parameters of the soil model

BRAREKE MAEKE  BERY

JEhL HME or 0s (cmid) FEKFEH N
1 KR 0.068 0.38 1.77 1.09
2 L 0.067 0.45 2.48 1.41
3 Eoy 0.095 0.41 2 1.31
4 Lfat: ] 0.068 0.38 1.77 1.09
5  EXiibE 0.1 0.39 4.48 1.48
6 SRA{LEPE  0.089 0.43 3.48 1.23

2 EERISHIFE

21 HHrATHESESE

Bt ah ES RS EHAEG ik e 5
Kl 1w EEE T EEMNKEINNR Cr>Zn>
Cu>Pb>As>Cd>Hg, 5 243 -+ 358 15 S bem] i
AR As b4 6 FliE 48 71 & E il
T A, B A B /N N :Cu>Cd>Hg>Pd>Cr>Zn.



5 34 BE RS : SORERT A HED B R T YRl S A XS VA 2613

Ik 1(o) o BT A R A o R S B AT, I A
W AT A e e BT R AR TR I E A,
AN I P SRR, R BIDIR X REE S s
T A, IEEE RN, Z0EBL £
EN ey (Al

*6 BRIFAthESESSHAMSEIT 2 (mg/ke)
Table 6 Descriptive statistical analysis of heavy metal
contents in coal gangue (mg/kg)
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Hg 0.06 0.03 0.05 0.01 28.62 0.0217
Cd 0.33 0.08 0.20 0.08 39.27 0.0886
As 6.91 3.08 4.66 1.39 29.91 10.8
Cu 110.00 25.00  49.02 24.81 50.61 20.1
Pb 40.10 1940  29.76 8.01 26.90 20.9
Cr 9040 6130 7274 8.96 12.32 61.1
Zn 9510 3080 70.58  20.46 28.99 61.1
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Fig.1 Box plot and correlation heatmap of heavy metal
contents in coal gangue
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Table 7 Descriptive statistical analysis of heavy metal
contents in soil (mg/kg)
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Table 8 Comparison of heavy metal contents

4R 7 (mglkg) ELAH (%)
JLE REERCP AR R ab ale blc
fE(a) FHED) (0
Hg 0.03 0.05 0.0217 57.2 120.7 211.0
Cd 0.17 0.20 0.0886 81.2 186.2 229.5
As 17.79 4.66 10.8 381.7 164.7 43.2
Cu 27.36 49.02 20.1 55.8 136.1 243.9
Pb 24.10 29.76 20.9 81.0 115.3 142.4
Cr 67.63 72.74 61.1 93.0 110.7 119.1
Zn 71.20 70.58 61.1 100.9 107.7 106.8

K2 it Ea RS R R
Fig.2 Correlation heatmap of heavy metal contents in
surrounding soil
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Table 9 Results of current environmental risk assessment
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