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Release law of Sb, As, and Hg in antimony mine wastes
under simulated acid rain
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Abstract: This paper takes the antimony mine wastes from Xikuangshan (XKS) Antimony Mine in
Lengshuijiang City, Hunan Province as the research object, and studies the leaching and releasing
regularity of heavy metals from antimony mine wastes comprehensively and systematically. The content of
heavy metals in antimony mine wastes and leaching solution was determined through the digestion test and
semi-dynamic leaching test, and the release regularity of Sb, As and Hg in antimony mine wastes leaching
solution was analyzed. The results show that the concentration of heavy metals in antimony smelting slags
is relatively high. Except Pb, the concentration of heavy metals in all the three kinds of antimony mine
wastes exceeds the risk screening value of Standard for Risk Control of Soil Pollution in Agricultural
Land of Soil Environmental Quality (GB 15618-2018); the concentration of Sb, As and Hg in antimony

mine wastes exceeds the standard background value of soil in Hunan Province. The leaching concentration
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of Sb, As and Hg in antimony smelting slags reached the maximum in 2-3 days of simulated acid rain

leaching, and the leaching concentration of Sb, As and Hg in antimony ore waste rocks and antimony ore

tailings reached the maximum on the first day of leaching., the antimony mine wastes from which the

amount of heavy metals can be precipitated from the most to the least is in the following order: Antimony

smelting slags > antimony ore tailings > antimony ore wastes. There is a quadratic function relationship

between the cumulative leaching amount of heavy metals from antimony mine wastes and the cumulative

leaching amount of simulated acid rain. The experimental results will provide some theoretical support for

the prevention and control of soil-groundwater pollution by antimony mine wastes,

Keywords: antimony mine wastes; stimulated acid rain; heavy metals; leaching release
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Fig. 1 Antimony mine wastes
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Fig. 2 Experimental equipments in semi-dynamic

leaching experiment
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Table 1 Distribution of semi-dynamic simulated rainfall

Ao Femite/  BER TR A Femiit/  BEREITH
mm AFL/ mL mm #AF/mL
1 69.0 95 7 143.6 197
2 71.5 98 8 134.9 185
3 117.6 162 9 75.4 104
4 162.7 224 10 80. 3 110
5 228.9 315 11 72.3 99
6 235. 8 324 12 52.2 72
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Table 2 Heavy metal content in antimony slag mg - kg™'
FEmZe Al Sh As Hg Pb Cd Zn
B E AT 1 806. 21 1277. 64 1. 44 46. 24 1. 67 616. 91
BRA B M 3988, 24 928. 65 4,62 59.18 1. 61 778.57
B R 2 865.59 1082.17 3.27 19. 63 2.15 590. 49
M 2 886. 68 1.096. 15 3.11 41.68 1.81 661. 99
S 30 0.5 80 0.3 200
B 2.98 14 0.09 27 0.079 95
E 36.5 6.2 0.5 6.0 3.3
E, 969 78 35 1.5 23 7
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Table 3 Speciation analysis of heavy metals in antimony smelting slag

- CEEES RS A A PAAMMERE AR ES RS
Ry
g O T e T e ™ ey T
(mg -+ kg D) (mg+ kg 1) (mg -+ kg D) (mg -+ kg 1) (mg -+ kg 1)
n Sb 46. 51 2.82 160. 65 9.74 47.55 4,52 273. 38 19. 36 1048.34  63.56
ZZ As 6. 94 0. 58 2.15 0.18 2. 96 0.25 76.52 6.32 1108.91  92.67
Hg 0. 034 2.41 0.05 3.54 0.012  0.86 0. 093 6.58 .23 86.61
B Sh 49, 49 1.37 177. 04 4.89 209. 18 5.78 478. 69 13.23  2702.67  74.72
g As 2.48 0.31 3.19 0. 40 12. 81 5.32 702. 55 87. 32 53. 54 6. 65
i Hg 0. 042 0. 98 0.369  8.61 0.173  4.03 0. 207 4. 83 3.497  81.55
Sh 47. 30 1. 84 150. 88 5. 87 111. 81 4.35 578. 35 22. 50 1682.09  65.44
ZZ As 4.33 0. 44 2. 66 0. 27 63.09 6. 41 154,13 15. 66 760.04  77.22
i Hg 0. 04 1. 29 0.077  2.48 0.033  1.07 0. 225 7.22 2.735  87.94
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Fig. 3 Variation of pH value of leachate with leaching

time under simulated acid rains
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Fig. 4 Concentration of heavy metals from different antimony

mine wastes in semi-dynamic leaching experiment
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], 3 A i vh E 4 B H 139 Sb™> As™Hg,
B Ak e b [ EE 4w AR AS [ v P A bk
BTl R EMAAEER (LR O, WNFR 4 HAaTLUE
1,500 g it 2o ad AR T RS 5 (AL IX —
AEMRERT D  BEHTIR FRIE H SbL As Hg AT 47
A 49. 153 mg.153. 678 pg. 1. 221 pg. B0 KA
Sb. As. Hg 9 23+ #Hr i & 43 % & 36. 023 mg.
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JUER M i R/NT FEAR — B (W3R 2), Ak, &
i 1 a AARTUL IR T IR i BT IR BRI BRI A
BRET AV T Sh VR BE 430l 22, 273.5. 621,
10. 909 mg/L, As B BE 73 il &y 57. 741,13, 058,
16.528 pg/L, Hg B ¥ B2 43 5 i 0. 465, 0. 143,
0.133 pg/L. b0 R Mk Jo . 3 Fh b i Ik i
W As. Hg A9V BE B8 T CAE TG O K AR
#E)(GB 5749—2006) FR{H (As<<100 pg/L, Hg<1
pg/L,Sb<<0. 005 mg/L)", MEhH R M il R A .
AP W Sb e BE 3 il M AR 4 4551 124,
2 1824%, UL, B PR Y Sb X X R A B
AEAET™ B 52, 2 1 i8] 398 5 R KI5 YL )

F 4 S EEFIHERFTRIEP Sb.As Hg kB R
ERitHHEBE
Table 4 Cumulative content and concentration of Sb, As and

Hg in semi-dynamic leaching experiment

g4

=it Sh As Hg

AT VARAME T T S ST T S S
o PRV b g/ e W B/ Gmg e il 1/ (g -
#/mg LD H/mg LD H/mg L

o
o

1 92 2.598 28.238 1.644 17.87 0.065 0.706
2 177 4,906 27.147 3.110 17.248 0.117 0.617
3 338 8894 24.771 5.777 16.564 0.207 0.555
4 552 13.887 23.335 9.316 16.537 0.307 0.469

5 849 20.575 22.517 13.974 15.685 0.433 0.425

w

B
6 1156 26.983 20.872 18.654 15.242 0.557 0.403

30.298 19.273 21.011 13.707 0.611 0.313

oy W =
-~
—
]
[o9]

8§ 1508 33.077 15.442 23.469 13.657 0.665 0.303
9 1608 34.410 13.329 24.828 13.588 0.692 0.267
10 1708 35.130 7.204 26.147 13.186 0.716 0.241
11 1798 35.663 5.919 27.331 13.155 0.729 0.136
12 1862 36.023 5.621 28.166 13.058 0.737 0.133

s Sh As Hg

1 93 2.734 29.398 4.065 43.711 0.071 0.765
2 182 5.348 29.370 7.819 42.177 0.133 0.699
3 335 9.484 27.031 13.566 37.566 0.230 0.631
4 547 15.155 26.752 20.344 31.969 0.353 0.583
5 852 23.277 26.630 29.480 29.956 0.519 0.543
W 6 1156 30.548 23.915 37.733 27.146 0.658 0.457
F 7 1334 34.412 21.709 42.050 24.253 0.739 0.454

8§ 1516 37.965 19.520 46.304 23.375 0.797 0.322

9 1615 39.535 15.868 48.440 21.579 0.827 0.302
10 1719 40.738 11.561 50.290 17.787 0.852 0.243
11 1813 41.788 11.172 51.849 16.588 0.866 0.145

12 1879 42.508 10.909 52.940 16.528 0.876 0.143

Win
o, THEmp ik B Mk BB ik
4 BV S g i R/ g -

e E/mg LD H/mg LD H/mg LD

o FE

it B/ (mg +

1 94 0.607 6.455 5,107 54.334 0.023 0.246

2 186 1.982 14.953 14.522 102.336 0.072 0.534
3 340 7.403 35.198 29.475 97.097 0.210 0.897
4 556 14.515 32.928 49.250 91.550 0.397 0.865
B 5 854  23.653 30.665 75.631 88.529 0.626 0.768

. 6 1162 32.446 28.548 102.828 88.302 0.834 0.674
A

P
i 8§ 1513 41.187 24.771 130.990 79.203 1.043 0.577

7 1338 36.852 25.031 117.130 81.261 0.942 0.617

9 1611 43.447 23.065 138.718 78.852 1.096 0.543
10 1713 45.739 22.473 144.798 59.607 1.148 0.509
11 1801 47.727 22.593 149.983 58.922 1.191 0.487

12 1865 49.153 22.273 153.678 ©57.741 1.221 0.465

3.4 FEGE K& Sb.As Hg AR SOR 2k

R 53 TR ADL R T VAR VS 0 s v o 4 T T
FEOCFR AR 4 B SEIEE 20 SRR DL 3 ) 2
iR ST R R WD Sb As Hg Bt Y B2
Tt S ALAUL R R CRAM AR B Z 8] 1 OC R AR A,
Sb.As.Hg SR & S50 MR REVAR Y
AR AT R m U 7 B AT ARG A IR R A]
TN

v =axr’ +br+c

K.y HESE N R mgs o BN
M BB R mLsa b HEEL ZIRREOT R
Y B R T 22 ik i & S 86 B D S, As. Hg
Sk S Z BN R R R R . R
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ATLAE 1R T 0,998, Ui B R A — W R B &
RORARGT o DRI, R B A 2 3 v ¥ % 0 bk s e il
PO, 7T LAFG 5] Sb, As, Hg Stk & 5
SRR R AR b G R L HE T O 6 AT i S,
As . Hg X+ 3T /K R AT G5 %

x5 SBHEEH Sb.As Hg BB E T R 5

Table 5 Regression coefficients for Sb, As and Hg in semi-dynamic antimony mine wastes leaching experiment

B IR EE)E a b ¢ R?
Sh —3.483X1078 0. 034 —3.621 0. 999 4
B iR R As —9.919X1076 0. 104 —4.893 0.999 8
Hg —1.235X1077 9. 298X 10 —0. 082 0.999 6
Sb —5.402X1076 0. 030 —0. 457 0.998 4
B A As —1.332X1076 0.018 0. 025 1..000 0
Hg —1.097X10°7 5.962X 10 0.013 0.999 7
Sb —5.137X10°6 0. 033 —0. 686 0.999 1
B R As —5.893X1076 0. 039 0. 824 0.999 9
Hg —1.407X1077 7.348X10 6. 80710 0.999 5

4 Zig
S 230k

DA™ 2 e rh 8 43 Jm v B S i A, (R
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