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[ Abstract] The oxidation of Sb(IIT) occurred rapidly in aerobic and dark groundwater environments, with previous studies sugges-
ting that co-oxidation of Fe(II) and Sb(III) may be the predominant driving mechanism. However, there is a lack of field evidence
confirming environmental isotope fractionation. Therefore, 20 groups of Magunao aquifer ( Dx} water) samples were collected from the
North mine of Xikuangshan antimony mining area in Hunan Province to compare the differences in environmental isotopes (3% Fe,
3" C,and 3S) between high- and low-Sb groundwater and investigate the fractionation process of these isotopes. The results reveal
that total Sb("Sb) concentrations ranged from 5. 30 wg/L to 20 700 wg/L, with a mean concentration of 3 660. 61 wg/L. Additional-
ly, Sb(V) is found to be the most dominant valence state for Sb in Dx} water. The neutral-alkaline and oxygen-enriched conditions in
Dx{ water facilitate the co-oxidation of FeS, and Sh,S, , as well as induce fractionation of 8180504 , & Sso, and 3% Fe between sediments
and groundwater, resulting in the increase of SO}~ ,total Fe ("Fe) and Sh('V) contents in high Sh groundwater. Furthermore, microbial
activities promote the oxidative decomposition of organic carbon, thereby enhancing the co-oxidation rate of Fe(Il) and Sb(Ill). This con-
clusion unveils a novel mechanism for aerobic oxidation of Sb(IIT) in dark groundwater environments while providing a scientific founda-
tion for advancing our understanding of the Sb geochemical cycle and preventing environmental pollution from high Sb groundwater.
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Fig. 1 Distribution of sampling points in the study area
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Fig. 2 Hydrogeological profile of the study area
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Table 1 Chemical composition and isotopic data of water samples from the
Dx} area, Xikuangshan Antimony Mining district, Hunan Province
| 'Sh/ Sb(Ill)/ BV "Fe/  Fe(l)/ 8037/ NO;y/  DOC/ S DSy, 80y, §5Cy. 870y
YiH Eb/mV  pH*  (pgr (pg oo (pge o (psr (mge (mge (mg “
o ay (eel™) . ) Ty e eI % % /%
L= L7 L= L7 1) LhH L)%

WM 852 7.93 5.30 0.42 4.39 3.53 0.73 69.50 1.73 0.70 0.8% 1.40 3.80 -2.08 -11.56
RSh FKM 109.22 8.30 117.00 1.37 116.00 6.74 2.89 189.00  12.50 1.23 0.916 4.50 5.70  -18.28 -4.88
WK FE 100.67 814 484 079 4872 525 178 920 697 1.0 0906 2.84 498 -20.89 -7.80

FH%E 10.23 0.16 45.54 0.37 4.73 0.9 0.74 50.68 4.72 0.42 0.009 1.38 0.85 1.67 2.51
FME 77.64 7.14  240.00 1.89  242.00 4.49 0.91 87.60 2.70 0.9 0.889  -4.20 2.10 -26.97 -17.84
flksh KM 126.21 8.74 20 700.00 4 100.00 16 600.00 9.31 4.07 1100.00 20.70 3.31 0.914 6.10 6.30 -16.70 -2.30
WK FHE 106.35 8.00 4864.67 571.31 4292.07 6.34 2.07 362.67  10.88 1.79 0.903 3.01 3.98 -24.10 -9.67

HE 1432 0.38  5585.46 1086.54 4580.20 2.43 1.36 309.68 5.86 0.74 0.007 2.% 1.33 2.69 4.65
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DxiK i EEM Sh &S, 8T Ei o ER R
DK H% i S & i = AR =4, 43 3 < 150. 00
we/L(FR A Sb #1 R 7K) (150. 00 ~ 1 500. 00 wg/L
F1>1500.00 pe/L, HH Sh & & T 150. 00 pg/
L 1 Dxy /KA AR M = Sb H TR K,
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T Sh( V)M EMIE L, 5 tRIE, b A7 w58 & 3
Hu K SO; - MR IR AFAE AT LA o B 7384 i 7 X
P EREE DT P A im Sh (V) B BR, DT T BOK 4
Hr Sh( V) ST |

3.2 Dx;/KIFERIAIE (6°Fe 8 C #1 §%S) 4F1E

B s X JLH K Sh # Rk b 8¢, fH T
Bl R = 17. 84%0 ~ — 4. 88%0 ( YI1H — 9. 66%0) Fil
~15.09%0 ~ —2.30%0( ¥I{H - 8.90%0) , =ifk Sb H
TR 8" C o HIE Bl 23 51K - 26. 97%0 ~ — 18. 28%0
(P - 22.67%0) Fl = 26.03%0 ~ —16. 70%0 ( 3] i
—23.72%0) oI Sb Hb R /K H8™S,, (R 43531 Ny
—4.2%0 ~ 6. 10%0 ( ¥JMH. 3. 01%0) F1 1. 4%0 ~ 4. 50%o
(Y91H 2. 84%0) . T Sb H1 T 7K H 8% Fe 35 Bl 4351
0. 984%0 ~ 0. 916%0 ( ¥ {H 0. 906%0) F 0. 889%0 ~
0. 914%0(F4IMH 0. 905%o) . FT A FE it (1 75 i 25 8% Fe
HEIRT 0,8 W] Dx /KA T Fe B AR, = Sb
R K8 Cp i R T S H R K, i 8" Cpp Al
8% S0, MBI T Sb HF K,

El4(a) F, &A% Sh Hi T~ K 8 Fe ¥ KF 0,
{HAREA K, AR Eh 38 KM AR 1L, 2B Dx3/K A  Fe
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Sh Hb R /K38 H HAT B 8% Fe HI SO H[ Kl 4(c) ],
A Sb #u T /K3 5 A @ 1Y 8% Fe FEAKH SO;-
B, WA Sb T 7K i & B P 19 S Ak >k SO; -
SRR e TFe FUE4E, & Sh T
K(IEHZE Sh & > 1 500 ug/L) F1 8° Fe Fe Fl
Sh( V)/"Sb 7EE 4 (b) F1IE 4 (d) i 43hL T K
K BRI AEBARN Sh( V) /"Sh Fl"Fe & & (0
FEAN S 8 12 15,16 F1 17) ,Gifkh A X5 55—
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