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1Rt 5 Anik R As Ao F @ R AL E IR, FHIEA K LIEIRITIFT L, 4T As fo F IR E o

T FE LT R KA F R AEN B T ARAR As Fo F 895 BHAE, 3T FF Filin @b R RIRBL P As F= F 6930355

WIHAFITAH B EZEL, AXLESTINAZTIGNE T AR FAZIIEAR, QIEKE, pHIML, 55

(EC). REMER (TDS) #= 3 & (SAL), RART KA FH X &K KA E 5 7 M ERAKF LIEAF

Se W hg As R, BFBEEEMENE KK LB T FIRE, N As A FRERKE, BTLE 4

Aol SREW . KA ER A Na-HCOyCl A, KAk Na“k & &3k 445.5mg/L, Ca’ ik EAKZE 3.31mg/L,

KA pH £ 7.87~9.42 Z 18], ‘485455 pH A F NI HAKFZ ZRK R L LRI FHIE, TRARLR

W, BAIK As Ao FIRE G TIMAK, BAFRERGSS ML 6.50mg/L F» 17.89mg/L, KGR L

BB B KA A LI As Ao F RERL, A KFBREK AsFFRESES T (AT RFNF E)

(DZ40—85) *F A E w4 HE 89 & & S HEAOR B (B AP 4 0.50mg/L, #ALH A 10mg/L). 3P & As ik
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Q) ZARARKE KRG w, BREAK As fo F kB & THHK, AsFo FRE RS A 6.50mg/L #= 17.89mg/L,
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DA T A R ) v B E TR, i AT R
AT LLE— 25 {18 2 s s oo $G0R As Al F ] b 3R sl i
b FEFRBEREIL, MU BRI K AR . R,
JHAT As Fl F W B KOS5 7K A K AL 22 R AE T8 7R
KA As FTF B AE LA, X5 32 5 FIIA R P 96 i X 7K
WEEH As Al F B Rk 244 1 B BB 3,

KT/ T HEFIK I KA 2 RRAE L 7K Il AR il
SRR IBAAOR: TR C T ERTESE L4 L 5k,
/T B KK A5 25 AR Na-ClAY, K
MK Ry b M f BB 1E, pH (ELTE 6.70 ~ 9.60 Z ], &
JEHOK FERFE T HRZHOK S5 HFEAK @K
SRR K IR A LTS L KA R T
% R RLILESR 4400 ~ 5800m U5 ILEK 1, s
KB AT 5 R A S A, b T 30K %5 5
TR K, IR UK RE AR R % . A
HEARAE 25T, 5/ T A 2 AR As FF R
FRIE, HOEAR As T F 5 R A 7K - BR85 52 2 i 24
FHE AR b e S BRI 12 i )
B T /I A H G As FF R4 51 ik
5.70mg/L 1 19.60mg/L, VG5 T PH R 141,
T HB BT, i A B0 ST 9T i 34 e il o 32 2
TSYW S As FFo BRBEAIAE U RS M AR I
W HE e i bk T SR EE F(0.41 ~ 1.31mg/L). 7£
As FTF U5 S ARMLTI 7 1 , A vk B 52 3 3 A
(CaF,) ¥ fiff B2 B, ok B 5 7K Ak 2 RV DA O,
F A F L E A Na-Cl 5 Na-C1-SO, 5 Na Kl /K
BAETLE % & T Na-Ca-HCO, 5 Ca-HCO, %5 Ca %!
SRR ST PR I A R BAOK SR A VR 3k
19.60mg/L 2 . [EImE, S0 pH K ALy As FlF
B SR R T ARG L /U R R R
As FEOR H AR As (RS HE R IR
TR IBUR B (2 A o e P A 56 ) it i,
PeRE I PR  As TR R B A A TR R
IR 0 T R B AR Sy o 2F B TR, 2
JIF R HOK R As B F (3R TR M & SEAL T 8
A7 T ORI FH IR 51 @%b A
KRBT 58 As I F RERRERD W 508
YERL, B M T K b As FiF 441 e 3y 4k 4=
P L1200 IR A\ G UK P As BT F
(R VR R AIE B RISy T T A3 F 5 Sk, (ELAT
T ERA DT HIIE As F F e BEARARfE A3 | 7KIR
R AT U FIK - PR35 A 2 XU

ASCHE T ST B FEAE T, T 2021—2022 4%
PUJECE RS 5T T = A Hb #OK | TR IR KRN
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AR AR S As FF IR ARTRARAE, ST Hh ok
FNEIRIK As FF BRI & SRS, PEM 7oK
M2 AR XA B0, BIF 28 SR R 2/ b IX 3
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1 WX B fr B

PR\ bR HL S T V8 A 76 XL
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S0 R UUR) 3220 B B 2 VKD R 2,
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G FEV T W, AR SRAE 2.5°C 2, AERE /K A
500mm ZEA7 2 pTAS SO, KBRS, H A
B IE] K, 4 4ETEFR I, 2/ I [ H e A
(1) A TR e v 11 M A FH LR S AV F- 23R 3 Ry
252°C, F T FIVE IR L 329.8°C ) s R
TS 68 ~ 84°C 12 L 2 )\ IH M K )R v
R — PR IR R I | VA SR o O b B L Al Y
A RS A Ay 1 ME— ) v TR 2 AV B R & FRL Y
HELT o bRl i) 152 Sk VA b DX (R 8 55 & R At 2>
BRI T2 RREMERH . /T, 3o
I, R 7000m LA AT B L1 0 S F A
PEAL, A5 18 iR 6000m LA b A4 R L, AR 35
AR, SRR A E BN, i HA TG
Abws ., REIRA AR 2 2R/ R v A
MBI A S SR & 1 s

T R P 3 S rg AL X, JEIX 3 A A
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B ES) U . 2 /O GR R VRV Bk
FEARIEIEM, B ra ek - i K IR SRR X
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Fig. 1 Geographical location (a) and surrounding distribution

pattern (b) of Yangbajing geothermal power plant.

TR K PR 2 AR AT, KRR AR IR R R 7K
W23 B7 97 B )(GB/T 8538—2008) 4T, FlijRAE
2 AT KAEZ) L, 8 W FLAE A5, B 45 pHE .,
4 (EC). A [E & (TDS) ML (SAL). M5E
T B R PCS Testr 35 Mg #2022 S50 24
HUBIR AOKT T 10em &b 127 5 SR By fase Je ik
TP sk . MK R SR 7K R SR TR R 7K AR TR
JETF I A

A AR A TR SR HEE 1, R R R
SRR SRR IE 1 382 2kg, WiZKA 15 255 T30k 5
HAEPORAE, LIRS RS20 = AR AT, o 100
H iR A5 o KA I SE g0 % { SRR ), — I &
0.45um JEMELUE S, AR LIASRR SmL R ILI-0R
FETE 0~ 4°C VKA 45 0, T T As FIHABITER 73475
T —Uy KR IS FH T F s AR A B 120 Hr
2.2 HER

J5 T 58 56 6% (AFS-9330 %I, AFS-8300 %,
JbatE RALER A FRA E)). A X &g
{ (HD Rocksand %!, & [F XOS 2~ #)). B T &M
FLil (FO90 ION 700 #Y, 3¢ [¥] Thermo Eutech 23 H]).

FEL B 5 5 B TR R B 6% 1) (Optima 5300 DV %,
28 PerkinElmer 23 ). LB A 45 B TR B %X
(ELAN DRC-e %!, 35[H PerkinElmer /A ]) FIES 7 {0l
% (1C, 1CS-1000 7Y, % [ Dionex A w)) T HFrYy
ME .
2.3 PRSI

(1) AR 3 P As W R R T 661
% (AFS) FlEks B X ST 2 0615 (XRF) JUXE .
IR As T E 58 T 2% M EROK ORI SR /K 2 0 B
200 £i% 5, 76 OmL F B J5 A9 A5 U K AE H im A 1mL
5% (FRIR+PLIRIMLIR) ¥, 30°C fHIE K S 30min,
P oA h 2 A0 A [R) e B 05 R R A [R] B VR 2R 1 T,
SN ZERE AT As WREEIE . 3R As W R
SEJ7 e XRF M 5E 49 5 As I, SE N ES A e &
e R (AT750) HF 1T BE & A OE, B i A
(GBWO07310) X &% F 2 Sk 7L s idisk, LIERR
s IC R M T, S E R

(2) F B TR B F e PRt e . +
e B F YR BRI E Ty ik ke (3 Ak
M58 BT e % fB B 3% )(GB/T 22104—2008), HAK
TR PR 0.20g HIEAES TR, A 2g &1k
B, I 550°C A N B RE, JBRE I SR UK IR
PO 252 100mL, I 7/ fin A GG & 5k # th A E) pH
H 5~ 6, KB E F & FHE ., 10mL F£4,
A ImL BB 75 3 28 A R (TISAB) 3
DIHEROA R PP R AP L. KRB FIREERY
Mg 5 -5 F AR BRI E 7 A TR

(3) /KK ILE Ca, K, Na, Mg, Fe, Al fll Mn
K HLEHE A 45 B TR R S EE R (ICP-OES) P
Zn. Cr, Co. Ni, Mn, Cu fll Cd S50 & R HLEHE &
A5 B K B EEE (ICP-MS) W A2, JH Wk BE R
10.00pg/L 1 Ba, Be. Ce. Co. In KL ILIAR
I S, (AN R | AR B 7 =R | XU fof
B R AR A TR BRIk B E 2K . ICP-MS/OES
JCE TR HFEL I A W AR (In/Rh) 1) 75 15 B AR
FEARTHL, KIA Se. Hg Fl Sb 18 i3 I 792 O GEY
M o Mo HRoK AR SR K P BH BT (K, Na', Ca®* Al
Mg®") FI 1 (C1 1 NO3) K B 1 i (10)
M 5E, CO; Al HCO; KA Bk a2 . /KB BHE
T IC /3 AICZE ICP-MS/OES 73 M7 /& Ze 4T BA B
RS =TT 5 (PUE T DX ™ S A
R Ry 8L ) SE AL, A E (A4 3 UCEA Tl
SEPEEIEANRRSS (UG IS5, w22/ N T 5%,

H AR B 43 AT 5 1 AT R 2 Ak TG HA BR an e 1
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Table 1 Sample analysis methods and measurement conditions.
HEMERMITR AWk Kzt pR RSD AL A
As: 0.0096pg/L
s He (1) 551 0.5% (m/m) NaOH+2% (m/m) KBH,
) Hg: 0.0017pg/L N =
JK{k As. Hg. Sb.Se  AFS Sb: 0,01 e/ <5% (2) B 5% (V/V) EhiR
: 0.01pug - 5 .
3) A (Ar) FiiE 0.4L/
Se: 0.01pg/L (3) B (Ar) WL O4L/min
+-3 As XRF  Imgkg <5% IYHTE Kp; BELE 11.72keV; HUJE 50kV; S04t E] 300s; #E0ER Ag
T+ HERKIA F ISE & FRR 0.09mg/L <5% 10mL ¥+ 1mL B2 iR JH 1 2 v (TISAB)
Ca®"; 0.011mg/L o .
oo (1) EGC-IL R 1 3% 2 3% DS6 it S48
P e 00 FEIFSS TS 4 : CSRS 3004 mm FFTE T3 2% CS12A 408 b
Ve ol No. | 1€ L ons & N <5%  (4mmx250mm); HZEIR 20mmol/L FiRs Pk 1mL/min; #EREPREL S00uL
N N HAS m,; NN N
& 8 cf o /i (2) 18 F5E & F: ASRS 300-4 mm 155 T35 Ton Pac AS19 MBIk
LU m, TR N A fge
NG 0054 n‘fg/L (4mm=250mm); JHZEHR: 30mmol/L KOH; YL 1mL/min; #EEEME S00uL
Kik COS HCO;,  #HHEi: — <1% 5% BBk-Z. AR /R ;5 19% PR REHR 7 75 U 7R i s ik
Ca: 0.003mg/L
K: 0.06mg/L (1) ST 1250W; S FUS (Ar) i 15L/min; $BYS (Ar) T iE
I Ca. K. Na. M Na: 0.02mg/L 0.2L/min; ZAL#SAA (Ar) W 0.75L/min; BEFHRTHR 1.5L/ming W7 2
a, K, Na, N . N N N S A Y,
Fe Al M £ 1cpoEs Mg: 0.02mg/L <5% HEEL; thUERSE] 30s; BT IE] 5s; B AE 3 K
(SN N n 3 \
Fe: 0.002mg/L (2) FeAEP K e Ca 317.933nm, K 766.49nm, Na 588.995nm, Mg
Al: 0.03mg/L 285.213nm, Fe 238.204nm. Al 396.153nm, Mn 285.213nm
Mn: 0.005mg/L
KV Be. 7n. Cr Zn., Cr, Be, Co. Ni, (1) JHATIFE 1150W; 45 B TR (Ar) 3 17 L/min; HHBS (Ar) ik 1.2
S Mn, Cu. Cd: L/min; 2 (Ar) P 1.06 Limin; 8RBk, &2 M5 3 %
Co. Ni, Mn, Pb, Mo, ICP-MS <5% Sy 9. 66 52 59~ 606 S5 208py, 98 487 63 11s
. 1 ~10ng/L; (2)ym/z:>'V, "Be, "Zn, >*Cr, ~’Co, "Ni, ”Mn, “"Pb, “Mo, "Ti, “Cu., “Ba,
Ti. Cu, Ba, Cd 11
Mo, Pb, Ba, Ti, V: Cd
0.1 ~ Ing/L
2.4 B & F B Bk e e Vi A mg/L KF, T i
IKAE As FIF W BEN G 25 SR FUIAR IR F28 00615 B As MR EEAE ng/L /K7, I F

BT EAT T HER IO, 45 RN 2 s, KRR
As [ EISCRLE 103.00% ~ 114.80%, F 1A% [F %
TF 98.20% ~ 99.90%. F )M &% As B fEMf, T2

2 KRR As R F RS I W PR IE

AR TERR P B R . ST, As FLF BB [l i
R RLERAE BRI VE R (80% ~ 120%), 3¢ WM+ 72
AR, 7EIEA As RN F il b, RHEZR 9%

Table 2 The accuracy of measuring As and F concentrations in water and soil samples.

v . IEAN(ED M E (A [ R
B % ItnE VEH
(mg/L) (mg/L) )
A 0 3.16£0.10 -
S
3 6.25+0.12 103.0+£2.69
oK
F 0 15.91+£0.24 -
15 30.65+0.47 98.24+3.16
A 0 4.18+0.07 -
S
8.78+0.12 114.842.98
TSR]
i K F 0 17.67+£0.23 -
20 37.65+0.15 99.9+0.75
= - = W e
R S e A
(mg/kg) (mg/kg) )
FUEW) GBWOT310 As 254+3.0 28.4+0.85 113.54+3.40
F 149425 138.0+£16.57 92.6+11.10
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TR e 3 ) 7 G A3 M TR B AT T R .
BT UUBR AR ES: GBWO7310 1E R4 ke i, 1EAH
A3 M 07 T HEATIAE, & As F1F AY IR 353 51
113.5% F1 92.6%, % As Fl F B9 E (- SHRAEEM) 4,
25 B TR, 77 R MERR I R, BE TS

3 giR5itie
3.0 ARPAIRIESARA

HHOK FZH THRMEHET AHE, MR RKE
FHFHEARERE O KL SEC
3 FoR, Bt 0 b HOK IR EE IR EETE 76 ~ 78°C Z[H],
o R I B 2 T AR A 22 RN . TR SR KK RAE
28.30 ~ 41.40°C, IR SR VB KA THREE y 41.40°C, &
SR G, B Ve KRR 36 7K i HE L, 1R S 0%
1%, HEBE IR AE 28.30 ~ 29.60°C . IR 7K pH JE FEI1E
7.87 ~9.42 Z[A], AT pH {H &, HEE 11 pH {E K,
HiFK pH 7E 8.95 ~ 9.15 Z [a] . Il SR K F s FHIK 1
1, S8 Ak Y FEE 1670 ~ 1882pS/em 22 [6], TDS {H 15
1126 ~ 1340mg/L 2 [8], th FE7E 914 ~ 983mg/L 2 [H],
TR AR A B AR 5 A K > S oK > 32K 5T Y
.

#3 KB MBMES R

PLSF- 7K 3 b PR R SR KRR S A A3, e T
8 MBHBHES T g, 2543k 4 i, KR FHE T
Na'th £ 5, i 5% K o 59 B B F HCO, Al SO 5
F 5, MiHbHUK B F CI7 M HCO, 5 £5%. Ak,
BT BH 5 - £ FAE X iR 22 5 A FR 4, b HROK B
BH 5 1P A TR 22 /NF 5%, 2 B4 B 58 vl ¢ .
TE SR 7K, B B B 1 4 R 0 58 22 A, fe e ik
13.15%, AR SR 7K Na® b Fes s, CL i LERAIG, &
SRBF BH S 1A 2 1, DT S5 5O X 122 25 Ml 1 o

K H Origin 9.2 32 T /K&K L Piper =
28I, I 2 TR, Piper =R E A2 = MR T &
BB F I LL B, A = IR T R BT
Eb i, W R ZEIEAREL T 2B PH S 1500 . Bhd o,
A 7 L XA, R BRI 2A A 200 &
X IR, Hb AR B 8 A A FEAIR Ca' L
K™+Na" (5 5 ), & BHES B & 1 80% LA L, i Hb
PUkH Na W 5 K'+Na BRIk ER 87.50% ~ 97.70%,
UL PH B F R 2L Na™ £ 5o KR Na' vk & ik
445.5mg/L, Ca® M AR % 3.31mg/L, 784 N A E
BB T or A B, BB 50 A e CUA &
CO*+HCO; 5 HJ7 17, T Hi ok /i HCOS B BE o5

Table 3 Conventional physicochemical parameters of the water quality.

I , N K TD i
ke e B L B m o s -
(0) (pS/cm) (mg/L) (mg/L)
N 9 VELISVEYR A [
2021 4 6 J1 g TRIRIK &n;‘?ff/ﬁ‘/\ 414 9.42 1690 1180 914
oK RGBSR 76.0 9.15 1699 1220 952
N J] N VYR HE FE =]
2021 4 11 Sk TRIRIK «Eﬁrjﬂiﬁﬁ% 29.6 7.87 1882 1340 956
oK RGBSR 78.0 8.95 1670 1213 935
N M VEVRHEE M
2022 4 4 J oK {ﬂ%/k (&Ef‘ﬁ(ﬁﬁ#ﬁi 28.3 7.93 1783 1238 974
oK FLS R IR 77.5 9.14 1678 1126 983
Fe 4 HPOKARE SRR A 3= BERHFH B ik
Table 4 Concentrations of major anion and cation ions in the geothermal and hot spring waters.
= bz BE BT Yz
— P FHE (mg/L) P PHE (me/L) RS TR | DR R | Xz
RIS
Cca?t Mg2+ K Na* cr S0 co? HCO; (mmol/L) (mmol/L) (%)
Sk 6.66 020 35.19 4455 | 331.6 1679 8595  546.4 20.63 21.53 2.13
B0y —H : ’ ’ : ‘ ‘ ’ ’ ) ' '
Sk 331 0013 342 1472 | 5926 2630 1451  260.1 6.66 6.97 228
BT ) . . ) ) ) ) . . ) )
TR K BE
3823 1086 1591 1834 | 7246 999 484 2623 11.19 8.59 13.15
(AR
TRIRIKVER
) 3145 566 47.02 3285 | 91.60 229 ND 428.9 17.53 14.38 9.85

TE: “ND" A
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Fig.2 Piper three-line diagram of the hydrochemical

composition of water samples.

CO*+HCO5 ¥ B (1) 86.50% ~ 100%, [H 1t BA & 1
FHLLHCO; i F T HAMBIOK CU Y R &k
60%, £ I Tk, M KoK Ak 2% 25 5 Na-HCO,-Cl,
553CHk [10] 438 —2
3.2 KRS

RO As SRR FER A IR, KB

7@
-k I
or TRIRIK -
~ 5
g
£ 4t ;
a
%3l
<C2_
1.
0

FKI kI A7k 3]

R JE MK Th R As YR (5.70mg/L) KTk = 1
Uk (2.99mg/L) (2 L Ak, As BRI 252 Bk
1A pH {E5Z 1, EW% SO AR R e B L s
3K 83% 125 2 A\ s UK RTE K . As YR EE
Kl 3a I, %ﬁ#nf@%ﬁ/f&r £ 3.16 ~ 3.56mg/L 2
8], SEXIE N 3.32me/L, JLF-ABEKIT AR I AE L
HIBOK B As Vi 5K pRAE L0 R 2 /A 3
K As HRIE (3.54 ~ 3.56mg/L) —# . [AI, XF
T AT [ — sk U0 1 3 5 il b HROK UL As TR
BE, 22 NIE b AOK P OB As B R TSR S A
(2.24 ~ 2.30mg/L), X FEIEH M X H KT = AR,
FH EE Bl 5 0 b BOK, TR R K B As YR JE FE 4.18 ~

6.50mg/L, W T = . Hb UK F B vk AN El 3b
Js, F O 0 R OK F B P BEAE 15.90 ~
16.20mg/L, JL-F- AR mi AR Ak, 28 2 T Pa i
HZiR R F 87U (6.20mg/L). AR, %t T TH]
— IR AR G L UK R F OB RIR I, SN
HH oK F BT B (P<0.01) m TESZHE
SEEIEE (12.63mg/L) IS5 LM iR (5.19mg/L).
BFE (P<0.01) @& T HAth X H $4 K (1.00 ~

12.70mg/L) L2271 | 5530k [28-29] B Y F B Tk
J& (17.00 ~ 18.90mg/L) 124, {IKF3 ¥ A1 A el 4
YR AL IR (31.60mg/L) ) . UK B F &

20

() . UK
/Jm?'?‘dk &

16 |
,\:To 12
£
=
& 8t
s

) ‘l ‘\ ‘l

0

ORI ik )

F2oki

Hi#oK

B3 KPR As(a) A F IREE (b), TRIRKKTERE (o) ABERAEIFDT (d) A

Fig. 3 The concentrations of total As (a) and F (b) in water samples, and pictures of hot spring (c) and geothermal water (d).
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PRIV BEAIR T SR K . W SR KR As FlF VR B2 91
MK > K > 7K, X 5 2R R i KN —
o HHUKFERIRK As FIlF e 8 T G
JEPEA 75 12: )(DZA0—85) XA T 1l 73 WL SE Y de e
VEHETCHEE (B As 2l 0.50mg/L, FALHI N 10mg/L),
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Fig. 4 The concentrations of total As (a) and F (b) in the soil samples.
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DLSEIKIA R AR 3R, I T B K R SR /KA
I TTRA N . 53R ANE 5 PR, Mok 24
F L Na Fl K; il 8K Na 87 7 2%, ik
H Ca, iH, F B FUEZ B A (CaF,) W (K,)
2P, Ca B TR EEBUIR, YD F i IR B2,
H PR RN SRR Ca B FHBEAE 6.36 ~ 35.74mg/L
Z ), AR Ca 8510 F 551 & B4R IEE FI &0

s HRUKIESOK b &R IR

IEAh, TR F B i ih 23 52 B 2 R R 5200
WHREE . pH. FCAAR ., LA g 74%, (1115 F Bk B0
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Wk T 2, HAh4 )8 Be, Cr. Pb, Sb #l Mo
SR EE A LT BB ES

Table 5 The metal element concentrations in geothermal and hot spring waters.

£JBICEWE (mg/L)
FEAm 2R
Ca K Mg Na Fe \% Be Mn Cr Pb Sb

ThIRIK 35.74 15.46 10.20 195.4 0.091 0.009 0.002 0.14 0.035 0.0002 0.014

Hh oK 6.36 36.63 <0.013 456.5 0.047 0.013 0.005 0.012 0.049 0.0002 0.027
FEA 2R Mo Cd Ti Se Zn Cu Ni Co Ba Hg

HEE N 0.035 0.0002 0.018 ND 0.002 0.0008 0.0032 0.00013 0.16 <0.0004

MoK 0.070 0.0001 0.025 ND 0.003 0.0014 0.0029 0.00003 0.090 <0.0004

TE: “ND"FIRAM .

4 i
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Concentrations and Sources of Arsenic and Fluoride in High-Temperature
Geothermal Water from Yangbajing, Xizang

XU Geng, XIAO Fangjing, CUI Xiaomei, BU Duo’, ZHANG Qiangying
(College of Ecological Environment, Tibet University, Lhasa 850000, China)

HIGHLIGHTS
(1) Rich in Na, poor in Ca, and high pH are the main hydrochemical characteristics of Yangbajing geothermal and

hot spring water.

(2) Affected by water vapor evaporation, the concentrations of As and F in hot spring water reached 6.50mg/L and
17.89mg/L, respectively, showing a trend of dry season>normal season>flood season.

(3) The main sources of As and F in geothermal water and surface soil are water-rock leaching interaction, and the

unique hydrochemical characteristics provide favourable conditions for the leaching of As and F.

Water vapor evaporation

A

f'.--““ ‘"‘\\
4 As and F 1

{ bearing I

minerals /
b ’

~ -
-

ABSTRACT: Arsenic (As) and fluoride (F) are two typical harmful elements with high concentrations in
Yangbajing high-temperature geothermal water, and the release of As and F from geothermal sources to the surface
or near-surface environment can be further promoted and accelerated through geothermal development, causing
surface water and soil environmental pollution. To understand the enrichment mechanism of As and F in the
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geothermal water body, hydrochemical characteristics as well as the concentrations of As and F were investigated by
water quality analyzer, atomic fluorescence spectrometry, X-ray fluorescence spectrometry, and ion selective
electrode method. The results indicate that the main sources of As and F in geothermal water and surface soil are
water-rock leaching interaction. Unique hydrochemical characteristics (Na-HCO,-Cl) with high concentration Na"
(reach to 445.5mg/L), poor in Ca”" (as low as 3.31mg/L), and high pH (7.87-9.42) provided a favourable condition
for the leaching of As and F in water. Affected by water vapor evaporation, the concentrations of As and F in hot
spring water were higher than those in geothermal water and reached 6.50mg/L and 17.89mg/L, respectively.
Notably, the total concentrations of As and F in waters were significantly higher than the maximum allowable
emission concentrations for harmful components (0.5mg/L for As, and 10mg/L for F) in the Geothermal Resources
Assessment Method (DZ40—85). Moreover, the concentrations of total As and F in the soils were
79.50-99.08mg/kg and 1162.70—1285.10mg/kg, respectively, significantly higher than the background values in
Xizang soil. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/
j-ykes.202310260168.

KEY WORDS: Yangbajing geothermal water; arsenic; fluoride; atomic fluorescence spectrometry; X-ray

fluorescence spectrometry; water-rock interaction

BRIEF REPORT

Significance: It is of great significance to study the concentration characteristics and sources of As and F to
understand the environmental geochemical behavior of As and F in the geothermal system and their impact on the
surrounding water and soil environment. Xizang Plateau is the region of China where high-temperature
hydrothermal systems are intensively distributed, and the distribution of heat flow in the Xizang Plateau ranks first
in China'"!. The Yangbajing Geothermal Power Plant is the highest and largest geothermal power plant in China,
setting a record for the highest reservoir temperature in China!. The release of As and F can cause surface water
and soil environmental pollution. Although researchers have made preliminary research on the concentration of
these two typical harmful elements in geothermal fluids and their impact on the surrounding water

environment"”!?!

, it is still necessary to conduct in-depth analysis of the annual variation trend of As and F
concentrations in a geothermal system, the contribution of hydrochemical characteristics to the enrichment of As and
F, and the ecological risks of the surrounding soil and water environment caused by As and F leakage. On the basis
of previous studies, we investigated the As and F concentrations of geothermal water, hot spring water and soil
samples in the Yangbajing geothermal field, analyzed the hydrochemical characteristics of the water bodies,
identified the source and enrichment mechanism of As and F in a geothermal system, and evaluated the ecological
risks of As and F in water bodies and surface soils.

Methods: Three periods of field collection of geothermal water, hot spring water and soil samples were carried out
in the Yangbajing geothermal field in Xizang from 2021 to 2022. Conventional physicochemical parameters were
measured on site, including pH value, conductivity (EC), total dissolved solids (TDS), salinity (SAL), and
temperature. The indoor analysis used atomic fluorescence spectrometer and X-ray fluorescence spectrometer to
determine the concentration of total As in water and soil, respectively. The F concentration was measured using the
ion selective electrode method. The pollution of As and F in water samples and soils was evaluated by comparing
with the allowable maximum emission values of harmful elements in the standard and specified soil background
values, respectively.

Data and Results: (1) The main hydrochemical characteristics. The conventional physicochemical parameters of
water quality are shown in Table 3. The pH value of geothermal fluids is between 7.87 and 9.42. Geothermal fluids
have a complex matrix, with conductivity, TDS, and salinity ranging from 1670—1882uS/cm, 1126—1340mg/L, and
914-983mg/L, respectively. The changes in water quality physicochemical parameters generally show a trend of dry
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season>normal season>high season. The analysis of the concentration composition of eight major anions and cations
shows that cation Na" dominates in water, anions HCO; and SO?” dominate in hot spring water, and anions Cl and
HCOj; dominate in geothermal water. As the result of the Fig.E.1(a), the hydrochemical type of geothermal water is
Na-HCO;-Cl, consistent with literature!'”. Rich Na, poor Ca, and high pH are the main hydrochemical
characteristics of Yangbajing geothermal and hot spring water.

(2) Concentration levels of As and F in geothermal fluids and ecological risk assessment. The total As and
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Fig. E.1 Hydrochemical composition of water sample (a), the concentrations of total As and F in water sample (b), pictures of hot

spring and geothermal water (c), and the concentrations of total As and F in the soils (d).
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F concentrations of Yangbajing geothermal water and hot spring water are shown in Fig.E.1(b). The concentrations
of total As and F in geothermal water are 3.16—6.50mg/L and 15.90—17.89mg/L, respectively, which hardly changes
with the change of water period. The total As concentration in geothermal water is consistent with the total As
concentration in Yangbajing geothermal water reported by Zhang et al.!'” (3.54-3.56mg/L). The F concentration of
geothermal water shows a decreasing trend compared to the reported Yangbajing geothermal water (18.0—18.9mg/L)
and Yangyi hydropower station geothermal water (19.2mg/L)**. As shown in Fig.E.1(c), influenced by the
evaporation of water, the total concentration of As (4.18—6.50mg/L) and F (14.56—17.89mg/L) in hot spring water
are higher than those in geothermal water. The concentration of As and F shows a trend of dry season>normal
season>flood season. Notably, the total concentration of As and F in waters are significantly (P<<0.01) higher than
the maximum allowable emission concentrations for harmful components (0.5mg/L for As, and 10mg/L for F) in the
Geothermal Resources Assessment Method (DZ40—S85). Improper treatment of geothermal wastewater may pose
exposure risks to As and F in the surrounding environment.

(3) Concentration levels of As and F in soils and ecological risk assessment. Fig.E.1(d) shows the total As
and F concentrations of soil samples leached from the wastewater at the hot spring discharge outlet. There is no
significant difference in the total As concentration between the dry season and the normal season. The total As
concentration ranges from 97.6 to 99.08mg/kg, which is significantly higher (P<0.01) than the concentration during
the flood season (79.5mg/kg). The total F concentration ranges from 1162.7 to 1285.1mg/kg, showing no significant
variation with the seasons. Compared with the background values of total As (18.7mg/kg) and F (542mg/kg) in
Xizang soil®?, the total As and F concentrations in the geothermal area are significantly higher than the background
values (P<0.01), which are 4.25-5.31 and 2.28 times of the background values respectively. The results show that
the soil in the geothermal area is at risk of high As and F pollution.

(4) The main sources of As and F in geothermal water and surface soil are water-rock leaching
interaction, and the unique hydrochemical characteristics provide favourable conditions for the leaching of
As and F. Rock leaching in the geothermal reservoir is the main resource of As and F enrichment in geothermal
water. The geothermal fluids in Yangbajing have a pH value of 7.87-9.42. In addition, some hydroxyl minerals such
as muscovite and biotite often undergo ion exchange with F. If the groundwater is alkaline, the exchange is more
likely to occur. OH" can replace F in fluorinated minerals, increasing the concentration of F in geothermal water. It is
known that the concentration of F in a water system is restricted by the solubility of fluorite. The alkaline
environment caused by the hydrolysis of minerals due to water-rock interaction has a significant impact on the
dissolution of fluoride, and the alkaline environment with high concentrations of Na” and low concentrations of Ca*"
is an important reason for the formation of high fluoride. Additionally, low sulfide concentrations (as low as
16.79mg/L) further promote high arsenic geothermal water. It is worth noting that the geothermal water in Xizang
has high sodium (up to 445.5mg/L), low sulfur (16.79-26.3mg/L), low calcium (3.31-6.66mg/L), and weakly
alkaline (8.95-9.15), providing better convenient conditions for the dissolution of high As and F in Yangbajing
geothermal fluids.
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