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Abstract: The occurrence of geogenic arsenic in natural water environment is one of the significant hazards to human beings in
the world. In high-temperature, sulfide-rich geothermal waters, thioarsenicals are likely the major species of arsenic. In view
that there has been so far no quantitative test method for thioarsenic species in China, a hydrogeochemical code, PHREEQC,
with its wateq4f.dat database being updated by the latest thermodynamic data for thioarsenicals. was used for calculating the
arsenic species distribution in various types of hot springs from the Rehai hydrothermal area located in the Tengchong geother-
mal belt, Yunnan Province. The results show that the major species of arsenic in the Rehai hot springs is thioarsenate, arsenate
and arsenite comes second, and the thioarsenite concentrations are extremely low; the descending order of thioarsenate species
in terms of their average percentages is: monothioarsenate, trithioarsenate, tetrathioarsenate, and dithioarsenate. pH, Eh and
total sulfide concentration are the controlling factors for the arsenic speciation in hot springs. Under acidic condition, the main
species of arsenic are thioarsenate and arsenite, whereas under neutral/weak alkaline conditions, thioarsenate is predominant

with arsenate being the second most important species. Comparative reducing environment and high sulfide concentration in ge-
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othermal water are favorable for the stable existence of thioarsenicals, especially trithioarsenate and tetrathioarsenate.
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Fig.1 Volcanic rock distribution in Tengchong (a) and geothermal geological map of the Rehai field and sampling locations (b)
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Table 2 Chemical thermodynamic data of arsenic species

i 1) B 25 T2 454 = A2 5 2 lgK He IR
H;AsO;=H;AsO;  +H' —9.15 Parkhurst and Appelot (1999)
T R R H, AsO3" 3 H, AsO; ~ =HAsO32~ +HT —23.85 Parkhurst and Appelot (1999)
HAsO3;2~ =As033 +HT —39.55 Parkhurst and Appelot (1999)
H3 AsO3; +H,;S=H;3; AsSO, +H, O 0.4 Helz and Tossell (2008)
H3 AsSO,=H,AsSO, ~ +H" —3.8 Zaksznova-Herzog and Seward(2012)
— BRI AEREE  H, AsSO,"? H; AsSO, ~ =HAsSO,2~ +H™ <—13.5 Zaksznova-Herzog and Seward(2012)
HAsSO22~ =AsSO.3~ +H* <—14.0 Zaksznova-Herzog and Seward(2012)
H; AsSO,; +H,;S=H3;AsS, O+ H, 0O 3.8 Helz and Tossell (2008)
H;AsS; O=H;AsS, 0O~ +H" —3.8 Zaksznova-Herzog and Seward(2012)
AR AR EE  H, AsS, 0" ° H;AsS, O~ =HAsS,; O +H™ —6.5 Zaksznova-Herzog and Seward(2012)
HAsS,; 02 =AsS, 03 +H™ —14.0 Zaksznova-Herzog and Seward(2012)
H;AsS; O+ H,S=H;3 AsS; +H, O 5.6 Helz and Tossell(2008)
H3AsS; =H,AsS; ~ +H™' —3.77 Zaksznova-Herzog and Seward(2012)
SRR A R H, AsS;"* HyAsS; — = HAsS;2~ +H*' —6.53 Zaksznova-Herzog and Seward(2012)
HAsS;2 =AsS;° +HT —9.29 Zaksznova-Herzog and Seward(2012)
H;AsO;=H;AsO,  +H" —2.3 Parkhurst and Appelot (1999)
N H, AsO," 3 H, AsO,~ =HAsO,2~ +HT —9.46 Parkhurst and Appelot (1999)
HAsO,? =AsO,*” +HT —21.11 Parkhurst and Appelot (1999)
H;AsO, +H,S=H;3;AsSO3; +H, O 11.0 Helz and Tossell(2008)
H; AsSO3; =H,AsSO;  +H" —3.3 Thilo et al.(2004)
TR HASSOs H:AsSO; = HAsSO,2 +H' —7.2 Thilo et al.(2004)
HAsSO32 = AsSO; 3+HT —11.0 Thilo et al.(2004)
H;AsSO;+H,S=H3AsS; 0, +H, O 0.1 Helz and Tossell (2008)
H3AsS, O, =H,AsS,; 0, +H™ 2.4 Helz and Tossell (2008)
SRR HASS 000 H:AsS: 0, =HAsS; 0,2 +H' 7.1 Thilo et al.(2004)
HAsS; 0227 = AsS; 0, 3 +HT —10.8 Thilo et al.(2004)
H3;AsS; O, +H,S=H3 AsS; O+ H, O 3.5 Helz and Tossell (2008)
H3AsS;O=H,AsS; 0O~ +H* 1.7 Helz and Tossell (2008)
SEAMRE  H AsS 00 H:AsS$;0” = HAsS; 02 +H* —1.5 Helz and Tossell (2008)
HAsS; 0% = AsS; O +HT —10.8 Thilo et al.(2004)
H3;AsS; O+ H:S=H3;AsS; +H; 0O 2.6 Helz and Tossell (2008)
H3;AsS,=H;AsS, ~+HT 2.3 Helz and Tossell (2008)
VUt AR R H, AsSm H;AsS, - =HAsS,2~ +H™" —1.5 Helz and Tossell (2008)
HAsS, 2 = AsS,* +H' —5.2 Thilo et al.(2004)
PEFR L TR X 2 B 7K 2 A7 BT Y 35 8. PR RO FEGRE RO v, B A R A0 O AR R S B Y OR R
TEHBERAL A2 RRAE [y 22 R B T F xR m i 0.001 Yo FEm A A R 28 b, 4% A & & i AR HE TR

FA%% W — B A A iR £ (78.23 %) — = B 4 A fig £
(11.15 %) — PY i AL A /88 26 (9,31 %) — — w5 AL it iR

WIAEA [F) M ER A 2 25 4F T 1 30 A R 2
32 ARBRMmAMUYSENHES

HTER?2 EPKIEJF;MHEFE’J{%M#?UJMQ% M #3000,
KCHERAL 2E B PHREEQC 1AL TR 3.3 BRUASIMHE/(RREARPHEOESSH
B P ARG ACER AL M Bk BE L 5 SR LR 3 Bk R

B O AUR TR ) R EIR A R B R L, 7 S

TR 2.0420~100% PR 2r 5 BN 69.68 05 4
R £ AN A R AR R 2 P B E 43 B i o o 25,410
F15.49 Yo 5 B AR A 2 5 14 2 2t U 22 /)N F oA 3
FOE S WP, e — R P a0 & 28K T
0.001 %6 fH A5 7 B A0 2, 7 fift iR &b 7 iR 1 A0 SR v
i ) EBAFAEIEAS , © o & s B Tk 97.96 %05 1

T TR PR B v B R 25 DA B AR i i I
MEh £, HF ¥\ o & & 4k Sl 56. 680
41,31 % s B R 3 A0 AR A S0 A R R A 7 1 W A, O
E Ay & i MR 2 0.01% F1 0.0001% (% 3). &
3a F8 7 R M BSR4 A R R R I A R R Y B i
5 B R S A Wk BT WA e, B
Eh % Y1 AH ¢ Ehxt BR 14 5 v fif 19 £7 78 T8 25 19 52
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Table 3 Concentrations of different thioarsenate in the hot springs

B RIR T ERN AR £ 7 A St 7 TRANLEZEN JXil
(pg/L) % (pg/L) % (pg/L) % (pg/L) % (pg /1)
DRTY-01 2.54E+01 97.96 2.42E—05 0.000 1.99E—05 0.000 5.28E—01 2.04 25.91
DRTY-02 1.99E+01 55.56 5.11E—04 0.001 2.10E—05 0.000 1.59E+01 44.44 35.86
DRTY-04 1.10E+02 74.28 4.29E—03 0.003 3.28E—05 0.000 3.79E+01 25.71 147.50
DRTY-06 3.34E-+01 33.98 1.22E—02 0.012 6.01E—06 0.000 6.49E+01 66.01 98.31
DRTY-07 7.22E+01 4553 1.19E—02 0.008 1.74E—05 0.000 8.64E+01 54.46  158.65
ZZQR  2.28E—01 0.36 1.96E—02 0.031 5.65E—08 0.000 6.26E+01 99.61 62.89
772Q-C  8.85E—02 0.14 3.82E—03 0.006 8.96E—08 0.000 6.28E+01 99.85 62.89
DGG-AS  1.35E-+01 59.17 6.14E—05 0.000 7.31E—05 0.000 9.31E-400 40.83 22.80
LGG-HT 1.35E-+00 4.83 2.49E—03 0.009 9.40E—07 0.000 2.66E-+01 95.16 27.96
77Q-L 1.58E—04 0.000 3.94E+01 62.74 3.22E—13 0.000 2.34E+01 37.26 62.79
YJQC  5.30E—17 0.000 4.90E-+02 50.92 5.94E—22 0.000 4.72E+02 49.08  962.30
YJQL  2.19E—18 0.000 3.04E+00 0.87 1.28E—21 0.000 3.46E402 99.13  349.09
YJQR  3.50E—18 0.000 4.67E+01 6.05 4.09E—22 0.000 7.25E402 93.95  771.63
ZXS 8.33E—05 0.000 1.06E+02 81.89 8.64E—13 0.000 2.34E+01 18.11 129.25
ZT07 8.97E—10 0.000 1.74E+02 65.10 7.90E—16 0.000 9.35E-+01 34.90  268.03
DGG-NS 7.75E—12 0.000 6.03E+01 10.93 6.09E—17 0.000 4.91E+02 89.07 551.15
HMZT-M 7.86E—10 0.000 1.32E+02 48.45 8.12E—16 0.000 1.40E4+02 51.55  271.94
HMZT-L 2.68E—09 0.000 1.22E+02 28.66 3.44E—15 0.000 3.04E-+02 71.34  426.56
HMZD  1.37E—13 0.000 1.43E—01 0.05 6.56E—17 0.000 2.91E402 99.95  291.57
XKT-R 9.49E—19 0.000 4.01E—05 0.00 1.84E—20 0.000 2.94E-+02 100.00 293.78
HTJ-L 9.01E—19 0.000 1.07E—05 0.00 2.99E—20 0.000 5.76E+02 100.00 575.75
HTJ-R  2.82E—12 0.000 2.02E—01 0.03 1.08E—15 0.000 6.59E+02 99.97  659.35
GMQ 2.72E—19 0.000 1.06E—03 0.00 4.37E—21 0.000 3.16E+02 100.00  315.71
TQL 7.50E—19 0.000 3.34E—04 0.00 1.52E—20 0.000 2.79E+02 100.00  279.36
B AN THACE R R = HACH R £ (UETRAM G EaN
(pg/L) % (pg/L) (pg/L) % (pg/L) %
DRTY-01 0.52 98.95 0.01 1.04 0.00 0.00 0.00 0.00
DRTY-02 15.71 98.61 0.22 1.39 0.00 0.00 0.00 0.00
DRTY-04 37.77 99.60 0.15 0.40 0.00 0.00 0.00 0.00
DRTY-06 64.71 99.73 0.18 0.27 0.00 0.00 0.00 0.00
DRTY-07 86.12 99.66 0.29 0.34 0.00 0.00 0.00 0.00
77Q-R 61.53 98.23 1.10 1.76 0.00 0.00 0.00 0.00
772Q-C 59.22 94.30 3.56 5.67 0.02 0.04 0.00 0.00
DGG-AS 8.55 91.83 0.75 8.09 0.01 0.08 0.00 0.00
LGG-HT 25.63 96.35 0.97 3.63 0.00 0.02 0.00 0.00
77Q-L 23.39 100.00 0.00 0.00 0.00 0.00 0.00 0.00
YJ]Q-C 472.28 99.99 0.03 0.01 0.00 0.00 0.00 0.00
YIQL 336.98 97.38 2.46 0.71 5.59 1.62 1.02 0.29
YJQR 723.88 99.86 0.77 0.11 0.25 0.03 0.02 0.00
7ZXS 23.41 100.00 0.00 0.00 0.00 0.00 0.00 0.00
ZT07 93.53 100.00 0.00 0.00 0.00 0.00 0.00 0.00
DGG-NS 490.62 99.94 0.24 0.05 0.03 0.01 0.00 0.00
HMZT-M  140.18 99.99 0.01 0.01 0.00 0.00 0.00 0.00
HMZT-L 304.27 99.98 0.05 0.02 0.00 0.00 0.00 0.00
HMZD 158.50 54.39 9.29 3.19 120.57 41.37 3.06 1.05
XKT-R 0.64 0.22 0.59 0.20 148.51 50.55 144.03 49.03
HTJ-L 0.31 0.05 0.52 0.09 229.58 39.88 345.33 59.98
HTJ-R 304.61 46.21 23.36 3.54 324.55 49.24 6.63 1.01
GMQ 4.92 1.56 1.46 0.46 132.25 41.89 177.06 56.08
TQL 2.19 0.78 0.94 0.34 119.58 42.80 156.66 56.08

TE < 2 FEOW A T SR 5 B0 20
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