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Research on the calculation method and application of heavy metal pollution load in
abandoned mining areas

Based on an abandoned lead-zinc mining area in Guangdong

PENG Xiangqin', SHEN Yukai’, CAI Bin', WANG Wei', DU Jianwei', CHEN Yanzhi'
(1. South China Institute of Environmental Sciences, Guangzhou 510655, China;
2. Guangdong University of Technology, Guangzhou 510006, China)

Abstract: A heavy metal load assessment model for solid waste in abandoned mines was developed to quantitatively evaluate
non-point source heavy metal pollution. Using Johnes' output coefficient model, this study estimated heavy metal pollution loads in
an abandoned lead-zinc mine in Guangdong. The results showed that under leaching conditions, the heavy metal load was
approximately 1.81g/a, with lead comprising the highest proportion at 45.95%. Considering the total pollutant release, the average
lead contamination load reached 465.78 tonnes. Compared to the conventional Johnes output coefficient method, it offered a faster
and simpler approach to estimate the heavy metal pollution in abandoned mining areas. It proved to be a valuable tool for calculating
non-point source heavy metal pollution loads in such areas. Although the overall heavy metal pollution load in the mining area was
relatively low, the presence of various heavy metal elements posed a notable risk, particularly for lead, cadmium, and zinc under
extreme conditions. Comprehensive solid waste pollution remediation following a tailored "one mining area, one policy" approach
was necessary.
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Solid waste accumulation in abandoned
mining areas

Table 1
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Table 2 Catchment area and leached water production
in mining area

W% KT P2 HFERT 5 0 K™ R WRiEK A

%5 BUm? B/mmd' B B/m’d' B/mia’
NY-SF1 5142.3 6 0.5 1543 5630.82
NY-SF2 4555.5 6 0.5 13.67 4988.27
NY-SF3 3325.7 6 0.5 9.98 3641.64

&1t 130235 - - 39.07 14260.73
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Table 3 Level leaching concentration of heavy metals in
abandoned mining area

®5 BEWHABHETEESERLTEAT
Table 5 Leaching pollution loads of heavy metals under
rainfall leaching conditions

Al {f/mg L™

Wi H

RMH H/MA FEE
(= 0.12000 0.01000 0.0410
# 0.09000 0.04000 0.0583
) 0.04000 0.01000 0.0225
fi 0.01890 ND 0.0037
] ND ND ND
K 0.005 46 0.00037 0.0014
B ND ND ND

TE: NDFREMRILT R
2.3 EFEHEHS MK

Oy NI S0 X 3 A MEAF 55 1 [ A 28 11 R
HERZTRZRER, Horp NY-SF1 %2 R IR ZHEHL
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NY-SF3 )2 MIRIZ RN RAE 3 A HEIR A 53]
J1ARES, SR ICP-MS # 7Rk E B
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Table 4 Scanning results of all components of heavy
metals in abandoned mining area

15 Y faf/ga!

E{=1n
YN E] w/ME EHH

B 1.711 0.143 0.585
it 1.283 0.570 0.832
) 0.570 0.143 0.321
fif 0.270 0.000 0.053
i - - -
K 0.078 0.005 0.020
R - - -
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*k6 EHABETEEREATAESLL
Table 6 Percentage of heavy metal load under
leaching condition

Feri e /mg kg™

LoalllEi=R A
HRRAE e/ ME R[N
B 30000.0 4200.00 15075.000
i 25500.0 2100.00 9350.000
i 185.0 53.10 100.850
fif 30.3 16.30 20.650
| 27.1 11.00 17.350
K 18.4 1.09 8.955
B 13.3 4.14 7.375

HE)E T 53 /%
5 45.85
B 32.33
i 17.72
fif 2.90
K 1.10
i <1.00
7 <1.00
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I3 45.85%, 32.33%.
242 RAMEHFTE AT (A5 K
FEA X [E R R YA N 33210.7 m? (PR e i
2 1.5 vm® #fe ), it 49816.05 t, FZ JEAETRAF
HE L & A V5 Y 4 21 S B, ACHE AR 4
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Table 7 Pollution loads of heavy metals under the least
utilizable conditions

BRASBL5 U 515 kg

LioallEct
HRORAH o MA - H{H
B 1494481.50  209227.41  750976.95
i 1270309.28  104613.71  465780.07
i 9215.97 264523 5023.95
fi 1509.43 812.00 1028.70
] 1350.01 547.98 864.31
K 916.62 54.30 446.10
B 662.55 206.24 367.39
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Table 8 Heavy metal pollution loads in different regions

TFFFE X 45k 24 i ki fif | K B LR VA 'Q Y
AfFTE (KIZiRE) 0.585 0.832 0.321 0.053 - 0.02 - ga’ -
T g B g BRI 2.080 4.520 45.240 36.19 579 065 150 o ga! [16]
VLA HRTRL b X - 16439  1118.560  2616.59 - - - kg-a'  [14]
AR (BRAFIESLT) 750976 465780  5023.000 1028 864 446 367 kg -
ER 8180 3050 - - 3990 - - kg [13]
HHMX 88.5 68.77 - - 41.77 - - kg [17]
B | AN = v T 91400 24100  3400.000 - 14600 - - kg [18]

T A FOR R RN T SRR — ST, 3R T,

AU T, R TZA DX [ AR B IO i 4
A M — R IR BT RIEATT IR 507 X [
PRI W15 e RAR , SR IBGHIE J7 0] (15 (E A R T
MEHERO T, N7 =B 4t s [ R BT IR LR &
M CH Broc= 28, K T bRl A B £ 3 [l
) 5 JEUHE DU /o XU BEL R A 4225 5 27 s S
Ak BRAEE A LB SR, R AR AR A ) S AR B ok
AR R B BRI RV B, [ 5E, F Ak b Y
HE R

3 #FHig
ASHTSE I8 3 X 25 BLAY Johnes i HY 28 B0R A0

Ty et Ah g T Bt A AR BB AR, DA AR R
FEA DX R TR AR 355 M, R A i s R
PRI B R X A IR 4 SR 5 Y 7 for, I
RTR X AG G5 AT 0T . Ak, 3 o 24T 4
SyMTA X FE 4 2 BRI S R R, s e, ORI R
5 U 1) R ARG BT AR5 Y
i, A H LR 858

(1) 3 4550 oK =28 5 DL KOK IRk
JE, n PR R R I X AR T Y gy, M T
fE5E 1 Johnes i HH R E0GE B A | PRs | 16 FHME R
o TEWRES T = 1 T 4 8 7 R PRI, Herp 4t
P A B e, FLUOREE, 43901 45.95% 1 32.33%.



5 5 1

ARSI X G R TG Y R R 5k MO T —— LA AR SRR X 51 23

(2) i3 EHE TR, FTERAFIEE T, K
FEUT X 4R Y T R, R BT TS
Yefa ik ) T 750.98 Fl 465.78 t, 1M 15 G 17 1 fe /]
(IR EMEHIRE] T 0.45 t.

(3) SHAW X RN TG G BT LRIl %
WX 4w AR5 Y i fr AN i, (A & B TS Yo R
iR 2, fEROR 21T, % X i e S 2R
A B A0 TS e AU, B« —HE— R IR HL T &
TRATF R 5707 DX [ AR 2 15 YL IR

& E XM

(1] sicfdsk, ARSI, BREY, 55, b [ P R s X 8 @ TR X L
e 4 J S Y Meta 5387 [T1. SREERL, 2021, 42€9): 4414 -
4421.

[2] KARKI D, VERMA A . Pollution assessment of heavy metals in
groundwater and agricultural soil in tailing of Zawar mines,
Udaipur, Rajasthan[J]. International Journal of Environmental
Quality, 2020, 38: 37 — 47.

(3] BE7E X, R, #9545, JE RIS Y O A 0T iR (0]
BERlaE S, 2011, 30(3): 1 - 6.

(4] ZEREE, (U BB, FRORAK, S5, L0 DX B 3t DX ARl Al s U595 e 472
AP A7k LIRS (. KRB TR}, 2022, 40C11): 45 — 49,

[5] EAL, ok, AR, XIEEREE A HE Y 24 i ——L)
JUARAR Bl T B SRR TS S R D ) (0], v [ BR BT R A
2004(2): 110 — 114.

[6] HAITH D A. Land Use and Water Quality in New York
Rivers[J]. Journal of the Environmental Engineering Division,
1976, 102(1): 1 - 15.

[7] HAITH D A, TUBBS L J. Watershed loading functions for

nonpoint sources[J]. Journal of the Environmental Engineering

Division, 1981, 107(1): 121 — 137.
[8] BREZONIK P L, STADELMANN T H. Analysis and predictive
models of stormwater runoff volumes, loads, and pollutant
concentrations from watersheds in the Twin Cities metropolitan
area, Minnesota, USA [J]. Water Research, 2002, 36(7): 1743 —
1757.
[9] WHIPPLE W, HUNTER J V. Nonpoint sources and planning for
water pollution Control[J]. Journal (Water Pollution Control
Federation), 1977, 49(1): 15 — 23.
[10] RESR, ZHOVEE, MAres, 55, t8 4l VL iU 57 0 A S JRIX
PRI I]. B4R, 2022, 43(1): 113 - 123.

(L] AR, XURLSR, DR BEAE. BT SWAT LAY 4 /5™ X M 7K
PRV H A T e A AT D). BRBETS B 5 B, 2014, 36(11):
50 — 54.

(121 XUBR. Btk SWAT BRUAEBA ™ X 7K St I8 I 46 45 e 971 i A
AR TIBESE (D] i WIRRHE R, 2015,

(137 Biil, it e, HEMNAE, 45, JET ik th R E0R M0 X6 )R
TS e A R AR (7] SRR RL2ATTAY, 2012, 25(2): 207 —
211.

(14] R =, F T Ut b i 2R B8 A B AR IR s U8 e S far F
FE[D]. I HE R, 2017

(151 XU, ZERRAE, 28—, Wil XS B = s R TS Y 7 fep 5 ——
VAW AR IR T 1) 1] BRIERR 22441, 2021, 41(10): 3938 —
3946.

(161 4. Koy DX [ s 3t B2 T 4 JAC 1 37 by 35 G ) e 3 47 S B
LI A (L4208, 2022€6): 223 — 225,

(17] 2=, S, 2 Hhe . 2 F a8 X AR Ty 22 T B 4 D 75 Y e AiE T
g8 . EAJR IS Y 58 (1], SRR 2= 5E, 2008(3): 57 —
60.

(18] 2548, 5y 52, A7, 2. AR A& R A5 0F T AL VLTE G sR Is e
A5 1], SRBERLEBTSE, 2014, 27(9): 990 — 997.


https://doi.org/10.3969/j.issn.1673-9655.2011.03.001
https://doi.org/10.3969/j.issn.1673-9655.2011.03.001
https://doi.org/10.20040/j.cnki.1000-7709.2022.20212748
https://doi.org/10.1061/JEEGAV.0000440
https://doi.org/10.1061/JEEGAV.0001130
https://doi.org/10.1061/JEEGAV.0001130
https://doi.org/10.1016/S0043-1354(01)00375-X
https://doi.org/10.3969/j.issn.1001-3865.2014.11.010
https://doi.org/10.3969/j.issn.1002-5065.2022.06.071

	1 材料与方法
	1.1 研究区概况
	1.2 模型建立
	1.2.1 输出系数模型
	1.2.2 模型改进


	2 结果与讨论
	2.1 矿区淋溶水估算
	2.2 重金属浸出测试
	2.3 固体废物全组分测试
	2.4 重金属负荷分析
	2.4.1 降雨淋溶情形污染负荷(浸出分析)
	2.4.2 最不利情形污染负荷(全组分分析)
	2.4.3 同类型污染物负荷对比分析


	3 结论
	参考文献

