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Boron isotopes fractionation and its application progress in
groundwater research

LEI Chenbo, GUO Huaming, XING Shiping
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Beijing 100083, China)

Abstract: Boron (B) is ubiquitous in natural water bodies and rocks. Because of the large relative mass difference
between the two stable isotopes of B, '’B and "B, the B isotopes are susceptible to significant fractionation.
Groundwater typically exhibits various 6''B in different hydrogeological environments. The composition and
variation of B isotope in groundwater are of great significance to understanding hydrogeochemical processes
and the rational development of groundwater resources. Based on the introduction of the principle of B isotope
fractionation, this review summarizes the effects of hydrogeochemical processes such as adsorption/

coprecipitation, desorption, weathering, and evaporation on groundwater 6''B values. The article systematically
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present the studies on applying B isotope technique to address hot academic issues. Since the §''B values of
contaminants and seawater often differ significantly from groundwater background values, B isotopes can be
utilized to trace both groundwater contamination and seawater intrusion. Differences in the §''B values of distinct
minerals and weathering conditions have a significant impact on the 6''B values of groundwater. Therefore, B
isotopes are useful in reflecting the weathering characteristics of minerals and identifying the process of interaction
between the geothermal water and the surrounding rocks. B isotopes can also be utilized to trace
hydrogeochemical processes associated with the enrichment of fluoride and arsenic, thereby enhancing the
knowledge of the formation mechanism of high fluoride and arsenic groundwater. The future studies on
groundwater B isotopes should focus on: (1) Supplementing B-isotope techniques with water chemistry and other
isotope techniques to quantify contributions of different hydrogeochemical processes to of the specific solute
transformation. (2) Long-term monitoring of B isotopes in areas with high B geothermal water and natural inferior
groundwater to determine B endmembers in different conditions and to quantitively assess the negative impact of
hazardous components on environment. The solution of these scientific issues is not only conducive to promoting

the further development of B isotopes in groundwater studies, but also beneficial to improving the systematical

understanding of the enrichment mechanism of groundwater hazardous components.
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groundwater; high-arsenic groundwater
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Fig.2 The ¢""B-B mixing liners between boron in the
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(modified after Ref. [18])
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(modified after Ref. [61, 66 — 68])
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A, 55K HECE X . Xiao % Fl He 25U F i B
[Fi] A7 22 RS0 SR IR] 7 R 9 T LU AR S N VS el DX A 1
IKZ MR K, 45 53 B R K G BE T SR S B KA
{28 b 7K 19 CUHk B2 AT 0"'B (B #F % & TH s . Morell
SRR B R X PR AR R S K Z AT T AT,
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I SRR i = A U B KR 6V'B fE T A 35%0 ~
37%o, 517K "B AEAE R 5230, $8 /R T K AR Y i
FE R . Hogan % FE M B, Li [R {7 AR5 4l 2
P& I 2 b W SE IR 3 5 K 2 IR BRI, & B b X b R K
2 K5 DT 26 B BH B IR & i, i KIR A
Fe A9 4R 3 30% B, 2 52 s K 19 6V'B (H 5 i K A
25 1% AN . A B E FIH B R R IR K AR
1o 2 A R R 75 YL W Y i A, Tamborski 257 75 2 2
KSR B, N, O [ B S0 T 1) ALA 77 3]
1 HE I (14 9 i 3t R K P 12 6 18 R V5L

A, 5oR BRI K AR AR L, 3T 4E K B[R4 FE
FHF 7R B3R 1K 5 1 /K (A AR o B 4N, Zhang
SEON R B P PR VD R AN 22 W P 0 R K £
O3, HoH: 0"B (B (18.3%0) i 25 = T H N kK iy 6''B
18 (4.0%0), FER WK 6"BAH (12.7%0 ) HH 3T, b T )&
KB "B 52 IR A 1E R i A DLTEFE i, BL H.
O [AI v 28 R AF S5 6] i W T b F K 2 b R IR K 5 46
KR A4 o

7 F B A 2R B K AR I, 20400 % 1E (fit)
W R .V AT AR A G B B R L 2 A Y S
Pennisi”” %5 X & K F| Cornia *F J5 H T 7K i 17 7K 4k 2%
B [ Z 7T KRB, 1K AR P EO T K EEIE
F W HCOs 1] CIFE7AE, 5 6"B {HE1 £ B Wi /N, £ 2
S TR AR T UL T B BAEN . BRI, 7E
INERE K AAZET, T B4 G B A REEA A TS 1
O VR AR B SRR TR IE
33 Ak

R P A R o KA Y B R R A R
FAAL . BRI R BR AR DUBLE 0" B (EE Bl R 8%o0 ~
34%o0, AE VA28 & 5 N —32%0 ~ 8%, M ZE K A N
18%o ~ 32%0""™, KBl Hi 72 1) 6"'B B —10%0+2 %0, [
I B[R 2 0] DIVE 4 XAk 9 R G o i 700 3 F
FEFA D B 607 2 ERAEAS T K2 9T TAE,
N T H A b AT AL I SR 1 2k XL AR B

Hb R K 6"B B AT LA K 48 7R fr K 2 Rk R SR
TN . MEERRER D W AL, B B A Se Bl e A
R K, FHOKMR 5B {E T FE. Negrel 25 7758 £
AR 5T 2R B, M R 7K ik R SR B 5 BH B SR
) 1E A 1, p(B)/ p(HCOs ) i HEAH, 0'"'B {H 5 pH {H
() 7R S R 25 i AR R ) KA VE D, I 4h, FRZK A
B Y 7K -5 R AR I T A A G M R K B AR
Bk 2 F 0B {H B RRAE, T LT /K B (Y 2w AR
(O"BAE 9 T [ ) U 48 7% T Fik iR 0 XUA A/ R B £ 34

o André%E % B, vk [ BT AL H B M K 2 1
OB H A (—3.15%0 ~ 2.00%0 ), H& 1 7] LAHEWT B K
RERRER O™ W 1A%

WA, B 3E G S5 AR BT 1 R R R A K B
AR AT 0 RN T R SR AR AR TR A T A
HROL YR A ARG OB HLA T Y S AN T, 7E R il AR
H2s R B [FALER S, A K R 6''B {H
T e B, B A 2 BE S e R R 9 Rk Rk ™ )
AL S5 . Rose 5 25 T 5 H i Ak b DX Rk R 46
YIRS & SR TR BRI B A R 8 (0'"B e
ik 24%0 ), IF H A8 A 25 ot B b B [\ R 18
T B2 5 KR pH B 2 FAH X 0GR . Meredith 55 X
R I 3K 4 Y 30 3 b B 5 K 2 (I 9T R I, R ER
Wy 5 A DAL TR A 0 ) % T A R SR T DA B [ i e
Tk A A B 6B E (44.4%0 ~ 53.9%0 ), 4 Hb 37 B )
KGR ZAER T B I FL B B [W A R 08, Xt 2B
AREP R E R K 6"BHZ —.

ARk, N TR AR B R Bl N R T K ST Hl S5 R 5
Hr ., Hou 55 ™9 ) HIN T4 RE R 0 J7 125 %55 3 ¥l ¥ 7K 1
KA B[R R FRAESEAT TR 5, T iU i ek
ER R AL AE SR 2 X K BRI SRR A 22 7. Bl
HANTHEBEEARMNE R, AKnTiE—% BFRMES
AN TR ARG, v @, Wb it 170" 9 K
ATV IR 5T
3.4 e ORI N

Hi AR R — P AR A T T AR U . MUK Y B T
e FE A ARV FBIAR K, MR T 1 mg/L 3 & F 1000 mg/L,
H AT 5 i HOK B B e R A v A 4 — it
N b IR B R IR 5 A A 8 B YA G, Rt
H "B EZZE TR AN B AL ZFES, Hi
K 34§58 25 1 55 W YT G R R Y B ORRAE, BT AE AR LR
T 0B R A 34 0w B 5 4 BR b AT S Y 08 55 9 U0 A
KB, B AL 2 7E MoK o B TR RO
AR U LK B R UE A B oK 5 LA
FHE AR RE | 7R PR A Ah 502,

H T KR L R AR R, Bt ok T B
() 3188 32 K- AT B B S . R R B R
Hh, B ] A R ZE TR AN, B i) 5k B TR
Ho BFIE R, IR N 150 ~ 250 °C ), - B S5
S A 6B H HL A T 1%0 ~ 3 %0, Purnomo %5 Xif
EI R JE V5 IV JTUM: Hi [X 3 31K G BF 58 7R, Hi 3ok 0''B
{E L 78 7RAIK 3.8 %o, IR B T -1 20 B X HE R 48 B [
LR
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Al A1 A5 P X R JECHE Bl 93 1y K FEEAT B [z
F5E, KB 6"B (HIEE H—-16.0%0 ~ 13.1%0, B 5 §'B
HEME —ICRAG KR, 458 YW IR 6"B FH1E &
B, HEFOK Y B EEOR A T AR R EL A FIE B %5
I %4 Battistel 257 7E 2 K H] Cimino-Vico 2 111 X [
WA R, IR 6B A 5 k1l a5 2 AHARL, 1 b A K
i) 6'"B fE 5 A AU 2 A A AN DL RS, RO T AR T
Ao A R A T s e, i T ) L T A R A
#ET B HkIE. Tan 5% {58 c(B)/c(Na) | ¢(Sr)/c(Ca)
c(B)/c(Ca) (¢ ¥y ot () 5 vk B ) LA M B[R] o7 6 % 53
F5 b HOK BRI 5T, K BURE R RV R 2 B B
BT AR, I U R e Rk 2L O UE RN 43 B X B Y

) 175 ik 0 (e ) W o 2o AR 5 B0 B TR R 4018
LA ok AR A I O, b A K A R IR R SR T M R K
55 A WA EAER, NS BOK & 6B {H 1Y FE AR,
Xing %P2 %o 5 5 5% 75 23 i PR A B R R 45
R WoR, B T AT BE 0 T, Ao W R R R R R XL
A 1 10, R R 5 OK 6B (B 2 B E Y T
5%, KL B A7 2 H &35 7n b oK VB IR 1D BE T -

B & B K TT & R R BE A 32 TF, & B MoK HE
JHORT b A4 DX BB 119 5 Gt B8 o 77 0 5, X6 4 g B 1Y)
it AR BT U . B B M B OK BB Y SR IR 5T
A Z G0, Xt B 5 G ik a1 2 AR A2, TR,
ok T B B A2 B AR s 4 & B b E K HE
{75 Y ) R I 5
3.5 FEFH. T A SR Y N

bR 7K B SRR A R A R R () ™ R e A
TR K 24, BLE R 2B AR T2 QTR I A 3R M B
BE b S R) R R H R K R B[R Z REAE AT LR
- b K SCHLER Ak 24 s B, A 12— 25 43 B 3 2 3
R L AR AR A TTR, i AR R T UK B TR B
P HEIE 2

(P 2 NRPr & b 2E e 2, (A KA &
B4 R 23 5 SO 0% ™, 3R il R 7K 5T i bR o ) (GB/T
14848—2017) " # 2& K F 7K F I & Wk BE A1 & T
1.0 mg/L, S Tk [EE & B, F, HAA FYWEE KT
BB Uk B, S8 i — i A 0 Y T AR TR 2%
Py, Zango A5 TE NN AR L EB (GBI 5 K B, 24 b b
K B AIF e bR, —F 2 TR IR LR A K
b B F 2 e 78 K AE L . Thapa %509 X B 94 & i
PIFRHL R KB SE 2B, FIOWE S5 B RO MR IE KRB
SREZUIEAROC, W] =38 HA MR AR . T 50

FE T I 2R B ST AR L Y b R R K A2
fiff . 5 A DUUE | iR WA B A5 7K S b R Ak 2 0o R s ol
AR H TR K B R AR ST AR 1, B A R B
F6 R B K2 v & A B XAk it R R A AR [
I, B [A) 3 2 AT LA F 7% B8 v St K I8 . 1tk
Ab, BT AWEFESE H, HAOKA B Mk BB 1R A, BLAE
A [ i A P, RRER Y pH (E FIK IR A1 S B0
S AR K B BRI ZE 4 At = R T KR R,
PRH AT DA 3 0" B fELX R SK A R IR AT X 53, DA
A Bh T A P 2 S K B BAL ]

fifi (As) & —Fh A BEIC R, 55 A R Py b i) i 5 ot
K S HER Ak 27 o B2 HE A MR K A, R (R K SR
AR E ) (GB/T 14848—2017) FLE K As i ik J
AFET 10 pg/L. HITF KT As FZELL As(1ID Fl As(V)
2% B B T IR AR TR, As(IID) O FEPE L As(V) B RPS,
TEE JEFREE o, R 7K pH<7 B BL T, As(IID) JLF-#B
PLAN A L B HASOSIE 3UA7 75 5 1 pH=8.2 I}, H;As0}
F1 H,AsOs 43 3] 5 B As(TTD) B 90% i1 109%; 1 = pH 4%
£ (pH>10), As(111) &= L H,AsOs i 1 X 77 76 7,
Pk, As(IID 7EHL T /K b i A8 R LA S B MBI, — 3%
I7] A Ml 4 51 21 4, 78K SO BR Ak 2 5 A b B 2L
AR FEPS . Yuce S5 XF 4 H-H: Kirka 24 4 X
K As il B AR AEEATAFSE, 25 R R As Ik EE S
B 1k B 2 [A) 777 1 35 A IE AR G, As AT LIVE A B (7R
PR, Kouras F5 1 75 iy i W /R JE ZR I 2 5 ke B As Tk
JE B B W BE AR A A e, R A I ) B b T
U . Deng 451 7 P 51 T B 45 L B9 B, AE
LA Na fITHCO; & (b T 7K, As, B [F] B & 4, 760
PERREE T As DA™ ) 2 1H0 4 A 2 BRF R ik 380 b K e
B | 5 HCO; 5% 4 Wz [ [) A 4 g 5 0 A | R 7K . Xiao
A2 S T R A VAT K 0V B [EL AR, T 2 b B K
A5 B AL "B AR, BUGIT ZK 19 B ke U5 T Hi 4
K, BT K o As B BE 5 B Rk B LA I AR G,
R It As ¥& B B TH i th 5 M UK BT A B 56 . Xing %
X 7 U O 8 A R K B WF ST B, MR KR As
WE S BRIERIEMG, 5 0"BH 2 A, BRI
FARAE T LUE 7R & K 2 o & A 1 RETR 507 4 KUAE AN
fift W Bk AR, AT I B A TR R A XU e R
As AN RS/,

B [l {37 & BE W6 1 g 7K SCHb BR Ak 27 5 72 1 7 3 541
AT DL R 43 47 7K SCHER £k 2% 35 B 6 b 7K F R A
MR, R . WA, SR, AT B RN R



- 226 - 7K SC L T 5% 6 Hi

TEAE G P, AR KBRS AR R L O A X D
HUESETS: NI K8 N /A G R S o i B i e
S T T T K DX, 2 AR A I 4 i TR s X B[]
f1 38 5K 2 KA R 3R T7 AR ZS 4, nl DU 3o
fB 7 R R L e BT K B UL B, A iR K BT IR AR
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4 REERE

KO B I 2 M B A 0 K e, B IR 2 26 o T
KBRS b 1 1o PR 3 W R AR SR T B R 2
S R % B ] i 2 4 s R AK BT 5 o 9 1oL P
B 7 i 2 B C S0 B F o F KI5 e, WK AR,
KA L B AOK | 5 9R l a  K BRI
ST BUATIRSC, 4N NAEH T K B I (i 2 5 5¢ S0
T S R AR LA T T A

U HF K B IR B2 2 43 B 1430
BOBFIE. ot SN ECHE | IR PRI
P73k, R B A A5 AR FK SCHER (2 i R
B 53-8 MU I R [ ot R 0 K L9, R 503 F ok B )
{372 0743 050 G S FE R0 7K SC Hl BRAL 2 7% B 1 10
WL AT ARG, R R R L R Y
S UUBUIREE K SCHLR A 4 T 3 T K R Geh0 B A fir
ZAAE RS L

()3 X BRI 2 5 % (7 {3 2 45 b 09 25 45 1o
FH . BRI 2 0T L B R 380 4 A S M BR AL 2 ot
P, EL T 5 2% 0 5 0 0 2SS 65 , 9 B I 3 %
i vk 5 A 2 R R DR T R G0 T L0 b R
Pl WA T 6 £ 567K SCHBBR AL 22 i 0 £ 25 45 10
PRI 4R, B %04 6B 5 PHL 070, VSrSr,
§4Ca, &L S A A, 45 A R B A R
9t 11 45 B, LR R K SCHBBR (b2 i X H A2
S SERSHEAL I TTIR, b R KA 55 44 (0 TR
(T M T8 B T T 4 05 B R K U5 o
HLRE 75 e A HE MG, B AR PR A 2 4

(3)IMARAT 57 B b A HERL 75 Y0 SR . 5
B H H K10 BT il 75 2 A X 7K BRI SR
B, X4 RS R . T R A X
MK | % K UL AT R, 4 A Bk
B[ 2 20010 B B AR 8, W R IR B 48 P 0
UK B 3T, 5 BHTAEEE B MK HERO R i 6
S, B FEVE A0 B 75 2 b B R, IF41 b BV 1075
AR FEASE, W (R M T R I PO/ A SR % 4

£ E Wk ( References ) :

C 11 HoRE, KRIFRESR, 28508, 5. ) K0l R % s ok
2% 75 BT WF 58 b B L (D). M2 R %, 1999,
6(2): 361 — 368. [ XIAO Rongge, TAKAO Oi, CAI
Keqin, et al. Application of boron and boron isotope
geochemistry in the study of geological process [J].
Earth Science Frontiers, 1999, 6(2): 361 — 368. (in
Chinese) |

[ 2 1 IUPAC. Isotopic compositions of the elements 1989 [J].
Pure and Applied Chemistry, 1991, 63(7): 991 — 1002.

[ 3 1] CATANZAROEJ, CHAMPION C E, GARMERE L, et
al. Boron: Isotopic and assay standard reference
material[J]. U. S. National Bureau Standards Special
Publication, 1970, 260(17): 70.

[ 41 HMdL, 8BS, FEL. sl am 6 R ek
W58 Bk (0], $5 1 F 5T, 2000, 8(1): 30 — 40.

[ XIAO Yingkai, WEI Haizhen, YIN Dezhong. Progress
on isotopic geochemistry of boron and chlorine in salt
lakes[J]. Journal of Salt Lake Research, 2000, 8(1):
30 — 40. (in Chinese with English abstract) ]

[ 51 XIAO Jun, XIAO Yingkai, JIN Zhangdong, et al. Boron
isotope variations and its geochemical application in
nature[J]. Australian Journal of Earth Sciences, 2013,
60(4): 431 —447.

[ 6 ] INGHRAM M G. The isotopic constitution of tungsten,
silicon, and boron[J]. Physical Review, 1946,
70(9/10): 653 — 660.

[ 71 HZE BLEH, Bl 5. 9E A3 ek 6 i
WHIT R [V, 9 8 H AT, 2012, 28(9): 20 — 33.

[ XIAO Jun, HE Maoyong, XIAO Yingkai, et al.
Progress of geochemical application of boron isotope [J].
Marine Geology Frontiers, 2012, 28(9): 20 — 33. (in
Chinese with English abstract) ]

[ 81 kel g H, Bt . G4, FRA5 A0 F A 2 A6 =
SR KRBT A R (7], AR AL bR, 2023, 46(3):
49 — 56. [ ZHANG Zhuo, LIU Futian, CHEN Sheming.
Review on the application of H, O, Sr, Ca, Li and B
isotopes in the research of high-fluoride groundwater[J].
North China Geology, 2023, 46(3): 49 — 56. (in
Chinese with English abstract) ]

[ 9 1 XIAO Yingkai, YIN Dongzhi, LTU Weiguo, et al. Boron
isotope method for study of seawater intrusion[J].
Science in China Series E: Technological Sciences,
2001, 44(1): 62— 171.

[ 10 ] SPIVACK A J, EDMOND J M. Boron isotope exchange

between seawater and the oceanic crust[J]. Geochimica


https://doi.org/10.1351/pac199163070991
https://doi.org/10.3969/j.issn.1008-858X.2000.01.004
https://doi.org/10.3969/j.issn.1008-858X.2000.01.004
https://doi.org/10.1080/08120099.2013.813585
https://doi.org/10.1016/0016-7037(87)90198-0

2024 4F

AR I, 45 - 0[] 57 3% 200 B FCAE R R W5 Hh 4 o - 227 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

et Cosmochimica Acta, 1987, 51(5): 1033 — 1043.

YOU C F, SPIVACK A J, GIESKES J M, et al
Experimental study of boron geochemistry: Implications
for fluid processes in subduction zones[J]. Geochimica
et Cosmochimica Acta, 1995, 59(12): 2435 — 2442.
MATHER J D, PORTEOUS N C. The geochemistry of
boron and its isotopes in groundwaters from marine
aquifers[J].  Applied
Geochemistry, 2001, 16(7/8): 821 — 834.

and non-marine sandstone
ZHAO Zhiqi, LIU Congqiang. Anthropogenic inputs of
boron into urban atmosphere: Evidence from boron
isotopes of precipitations in Guiyang City, China[J].
Atmospheric Environment, 2010, 44(34): 4165 — 4171.
ROSE E F, CHAUSSIDON M, FRANCE-LANORD C.
Fractionation of boron isotopes during erosion processes:
The example of Himalayan Rivers[J]. Geochimica et
Cosmochimica Acta, 2000, 64(3): 397 — 408.
LEMARCHAND D, GAILLARDET J. Transient features
of the erosion of shales in the Mackenzie basin
(Canada), evidences from boron isotopes[J]. Earth and
Planetary Science Letters, 2006, 245(1/2): 174 — 189.
PENNISI M, GONFIANTINI R, GRASSI S, et al. The
utilization of boron and strontium isotopes for the
assessment of boron contamination of the Cecina River
alluvial aquifer (central-western Tuscany, Italy) [J].
Applied Geochemistry, 2006, 21(4): 643 — 655.

XIAO Yingkai, SUN Dongping, WANG Yunhui, et al.
Boron isotopic compositions of brine, sediments, and
source water in Da Qaidam Lake, Qinghai, Chinal[J].
Geochimica et Cosmochimica Acta, 1992, 56(4): 1561
—1568.

VENGOSH A, HEUMANN K G, JURASKE S, et al.
Boron isotope application for tracing sources of
contamination in groundwater [J]. Environmental Science
& Technology, 1994, 28(11): 1968 — 1974.

MORELL I, PULIDO-BOSCH A, SANCHEZ-MARTOS
F, et al. Characterization of the salinisation processes in
aquifers using boron isotopes: Application to south-
eastern Spain[J]. Water, Air, and Soil Pollution, 2008,
187(1): 65 — 80.

NEGREL P, MILLOT R, GUERROT C, et al
Heterogeneities and interconnections in groundwaters:
Coupled B, Li and stable-isotope variations in a large
aquifer system (Eocene sand aquifer, southwestern
France) [J]. Chemical Geology, 2012, 296: 83 — 95.

B gt AR, BT, S5 TR B b PR oK R [

[22]

[23]

[24]

[25]

[26]

[27]

[ 28]

[29]

[30]

f R MR AL 2 B R iR i (). B R
BRBF2%, 2014, 44(9): 1968 — 1979. [ LYU Yuanyuan,
ZHENG Mianping, ZHAO Ping, et al. Geochemical
progresses and origin of boron isotopes in geothermal
water in the Yunnan-Tibet geothermal zone[J]. Scientia
Sinica (Terrae), 2014, 44(9): 1968 — 1979. (in Chinese
with English abstract) ]

XING Shiping, GUO Huaming, SUN Xinmiao, et al.
Temperature-induced arsenic accumulation in
groundwater from Pliocene aquifers of a semiarid
continental basin[J]. Geochimica et Cosmochimica
Acta, 2023, 343: 98 — 114.

MILLOT R, NEGREL P, PETELET-GIRAUD E. Multi-
isotopic (Li, B, Sr, Nd) approach for geothermal
reservoir characterization in the Limagne Basin (Massif
Central, France) [J]. Applied Geochemistry, 2007,
22(11):2307 — 2325.

KR, G A iE, B, 5. MR KRR & il IR 467 R
LRI E (7]t SR TR 27, 2020, 37(2): 120
—125. [ ZHANG Tianrui, TANG Shuting, YAN Yan, et
al. Determination of boron isotopic composition in
groundwater samples[J]. World Nuclear Geoscience,
2020, 37(2): 120 — 125. (in Chinese with English
abstract) |

NIGRO A, SAPPA G, BARBIERI M. Application of
boron and tritium landfill

isotopes for tracing

contamination  in  groundwater[J].  Journal  of
Geochemical Exploration, 2017, 172: 101 — 108.
REA, XA, JT AR K B[R] 6 2R b Bk A TE
HRABIE S R g N (D0 DT M T2 4k, 2017, 37(4):
686 — 691. [ YUAN lJianfei, DENG Guoshi, ZHENG
Wanmo. The application of boron and its isotopic
geochemistry to the study of geothermal process[J]. Acta
Geologica Sichuan, 2017, 37(4): 686 — 691. (in Chinese
with English abstract) ]

SU Chunming, SUAREZ D L. Coordination of adsorbed
boron: A FTIR spectroscopic study[J]. Environmental
Science & Technology, 1995, 29(2): 302 — 311.
KAKIHANA H, KOTAKA M, SATOH S, et al
Fundamental studies on the ion-exchange separation of
boron isotopes[J]. Bulletin of the Chemical Society of
Japan, 1977, 50(1): 158 — 163.

OI T, NOMURA M, MUSASHI M, et al. Boron isotopic
compositions of some boron minerals[J]. Geochimica et

Cosmochimica Acta, 1989, 53(12): 3189 — 3195.
TIREZ K, BRUSTEN W, WIDORY D, et al. Boron


https://doi.org/10.1016/0016-7037(87)90198-0
https://doi.org/10.1016/0016-7037(95)00137-9
https://doi.org/10.1016/0016-7037(95)00137-9
https://doi.org/10.1016/j.atmosenv.2010.07.035
https://doi.org/10.1016/S0016-7037(99)00117-9
https://doi.org/10.1016/S0016-7037(99)00117-9
https://doi.org/10.1016/j.apgeochem.2005.11.005
https://doi.org/10.1016/0016-7037(92)90225-8
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1360/zd-2014-44-9-1968
https://doi.org/10.1016/j.gca.2022.12.029
https://doi.org/10.1016/j.gca.2022.12.029
https://doi.org/10.1016/j.apgeochem.2007.04.022
https://doi.org/10.3969/j.issn.1672-0636.2020.02.006
https://doi.org/10.3969/j.issn.1672-0636.2020.02.006
https://doi.org/10.1016/j.gexplo.2016.10.011
https://doi.org/10.1016/j.gexplo.2016.10.011
https://doi.org/10.3969/j.issn.1006-0995.2017.04.037
https://doi.org/10.3969/j.issn.1006-0995.2017.04.037
https://doi.org/10.3969/j.issn.1006-0995.2017.04.037
https://doi.org/10.1246/bcsj.50.158
https://doi.org/10.1246/bcsj.50.158
https://doi.org/10.1016/0016-7037(89)90099-9
https://doi.org/10.1016/0016-7037(89)90099-9

- 228 -

7K SCHb BT TR b S

5% 6 4

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[ 40]

[41]

isotope ratio (6''B) measurements in water framework
directive monitoring programs: Comparison between
double focusing sector field ICP and thermal ionization
mass spectrometry[J]. Journal of Analytical Atomic
Spectrometry, 2010, 25(7): 964 — 974.

GU Huanen, MA Yunqi, PENG Zhangkuang, et al.
Influence of polyborate ions on the fractionation of B
isotopes calcite  deposition[J].  Chemical
Geology, 2023, 622: 121387.

XIAO Jun, ZHAO Zhiqi, BOUCHEZ J, et al

during

Geothermal input significantly influences riverine and
oceanic boron budgets[J]. Earth and Planetary Science
Letters, 2023, 621: 118397.

GAILLARDET J, LEMARCHAND D. Boron in the
weathering  environment[M]//Advances in Isotope
Geochemistry. Cham: Springer International Publishing,
2017: 163-188.

SAFFER D M, KOPF A J. Boron desorption and
fractionation in subduction zone fore arcs: Implications
for the sources and transport of deep fluids[J].
Geochemistry, Geophysics, Geosystems, 2016, 17(12):
4992 — 5008.

XIAO Yingkai, WANG Lan. The effect of pH and
temperature on the isotopic fractionation of boron
between saline brine and sediments[J]. Chemical
Geology, 2001, 171(3/4): 253 —261.

KOSTER M H, WILLIAMS L B, KUDEJOVA P, et al.
The boron isotope geochemistry of smectites from
sodium, magnesium and calcium bentonite deposits[J].
Chemical Geology, 2019, 510: 166 — 187.

WEI Haizhen, JIANG Shaoyong, TAN Hongbing, et al.
Boron isotope geochemistry of salt sediments from the
Dongtai salt lake in Qaidam Basin: Boron budget and
sources[J]. Chemical Geology, 2014, 380: 74 — 83.
ZHANG Xiangru, LI Qingkuan, QIN Zhanjie, et al.
Boron isotope geochemistry of a brine-carbonate system
in the Qaidam Basin, Western China[J]. Sedimentary
Geology, 2019, 383: 293 — 302.

SCHWARCZ H P, AGYEI E K, MCMULLEN C C.
Boron isotopic fractionation during clay adsorption from
sea-water[J]. Earth and Planetary Science Letters, 1969,
6(1):1-5.

KEREN R, MEZUMAN U. Boron adsorption by clay
minerals using a phenomenological equation[J]. Clays
and Clay Minerals, 1981, 29(3): 198 — 204.
LEMARCHAND E, SCHOTT J, GAILLARDET J. How

[42]

[43]

[44]

[45]

[ 46 ]

[47]

[48]

[49]

surface complexes impact boron isotope fractionation:

Evidence from Fe and Mn oxides sorption
experiments[J]. Earth and Planetary Science Letters,
2007, 260(1/2): 277 — 296.

LEMARCHAND E, SCHOTT J, GAILLARDET 1.
Boron isotopic fractionation related to boron sorption on
humic acid and the structure of surface complexes
formed[J]. Geochimica et Cosmochimica Acta, 2005,
69(14): 3519 — 3533,

XIAO Yingkai, LI Shizhen, WEI Haizhen, et al. An
unusual isotopic fractionation of boron in synthetic
calcium carbonate precipitated from seawater and saline
water[J]. Science in China Series B: Chemistry, 2006,
49(5): 454 — 465.

PR, RGBS S8R G W s K
B T AR T [R] o 28 b 2R Ak 4 B 5 0 8 (30, 4R 180
5T, 2020, 28(4): 112 — 124. [ LU Shengcheng, HAN
Fengqing, MA Yunqi, et al. Review of boron isotopic
geochemistry of brines and their sediments in salt lakes,
Qaidam Basin[J]. Journal of Salt Lake Research, 2020,
28(4): 112 — 124. (in Chinese with English abstract) |
VENGOSH A, KOLODNY Y, STARINSKY A, et al.
Coprecipitation and isotopic fractionation of boron in
modern  biogenic  carbonates[J].  Geochimica et
Cosmochimica Acta, 1991, 55(10): 2901 — 2910.

M2, H ML, XIAASR, S5 #1458 A Mg(OH), JE X K
HLEE [J]. #2712k, 2012, 19(4): 173 — 182. [ XIAO
Jun, XIAO Yingkai, LIU Congqiang, et al. The
incorporation species and mechanism of boron into
Mg(OH),[J]. Earth Science Frontiers, 2012, 19(4):
173 — 182. (in Chinese with English abstract) ]

ZHENG Zhaoxian, ZHANG Hongda, CHEN Zongyu, et
al. Hydrogeochemical and isotopic indicators of hydraulic
fracturing flowback fluids in shallow groundwater and
stream water, derived from dameigou shale gas extraction
in the northern Qaidam Basin[J]. Environmental Science
& Technology, 2017, 51(11): 5889 — 5898.
RAVENSCROFT P, MCARTHUR J M. Mechanism of
regional enrichment of groundwater by boron: The
examples of Bangladesh and Michigan, USA[J]. Applied
Geochemistry, 2004, 19(9): 1413 — 1430.

FEARTE, R T, R GE . IR BN TITE =AM ik
BAF — e Wi e R A S R [D). B 2E R, 2002, 39(6):
822 — 829. [ CHENG Dongsheng, ZHU Duanwei, LIU
Wuding. Effects of temperature on characteristics of

boron adsorption-desorption by minerals[J]. Acta


https://doi.org/10.1039/c001840f
https://doi.org/10.1039/c001840f
https://doi.org/10.1016/j.chemgeo.2023.121387
https://doi.org/10.1016/j.chemgeo.2023.121387
https://doi.org/10.1016/j.epsl.2023.118397
https://doi.org/10.1016/j.epsl.2023.118397
https://doi.org/10.1016/j.chemgeo.2018.12.035
https://doi.org/10.1016/j.chemgeo.2014.04.026
https://doi.org/10.1016/j.sedgeo.2019.02.011
https://doi.org/10.1016/j.sedgeo.2019.02.011
https://doi.org/10.1016/0012-821X(69)90084-3
https://doi.org/10.1346/CCMN.1981.0290305
https://doi.org/10.1346/CCMN.1981.0290305
https://doi.org/10.1016/j.gca.2005.02.024
https://doi.org/10.1016/0016-7037(91)90455-E
https://doi.org/10.1016/0016-7037(91)90455-E
https://doi.org/10.1016/j.apgeochem.2003.10.014
https://doi.org/10.1016/j.apgeochem.2003.10.014
https://doi.org/10.3321/j.issn:0564-3929.2002.06.007
https://doi.org/10.3321/j.issn:0564-3929.2002.06.007

2024 4 MBI, S 0I5 3R 2008 B A N A BT o i) o T a0 - 229 -
Pedologica Sinica, 2002, 39(6): 822 — 829. (in Chinese 1997, 69(24): 5203 — 5207.
with English abstract) | [ 591 BARTH S. Application of boron isotopes for tracing

[50] BARTH S R. Geochemical and boron, oxygen and sources of anthropogenic contamination in groundwater
hydrogen isotopic constraints on the origin of salinity in [J]. Water Research, 1998, 32(3): 685 — 690.
groundwaters from the crystalline basement of the Alpine L60] RE:UK, 1 Nl B[R] 07 3 4318 B HAE RS A 55 v
Foreland[J]. Applied Geochemistry, 2000, 15(7): 937 — Ay (I, FhWIAEST, 2002, 10(2): 54— 60. [ ZHANG
952. Chonggeng, XIAO Yingkai. Boron isotope fractionation

[51] ZHANG Xiaolang, LUO Xin, JIAO Jiujiu, et al. and its application in environmental study[J]. Journal of
Hydrogeochemistry and fractionation of boron isotopes in Salt Lake Research, 2002, 10(2): 54 — 60. (in Chinese
the inter-dune aquifer system of Badain Jaran Desert, with English abstract) ]

China[J]. Journal of Hydrology, 2021, 595: 125984, L61] T4, Bl 2K, 55, 1T /K5 300 5 3

[52] SCHMITT A D, VIGIER N, LEMARCHAND D, et al. TR /R R FRIFEHE R (1], SRR RERETY, 2021, 34(8):
Processes controlling the stable isotope compositions of 1886 — 1898. [ WANG Huixia, SHI Zheming, JIANG
Li, B, Mg and Ca in plants, soils and waters: A Yonghai, et al. Research progress on indicator of
review[J]. Comptes Rendus Geoscience, 2012, groundwater pollution identification and traceability [J].
344(11/12): 704 — 722. Research of Environmental Sciences, 2021, 34(8):

[ 53] YU Xiaocan, LIU Chenglin, WANG Chunlian, et al. 1886 — 1898. (in Chinese with English abstract) ]

Origin of geothermal waters from the Upper Cretaceous [ 621 NIGRO A, SAPPA G, BARBIERI M. Boron isotopes in
to Lower Eocene strata of the Jiangling Basin, South groundwater: Evidence from contamination and
China: Constraints by multi-isotopic tracers and water- interaction ~ with  terrigenous—evaporitic ~ sequence,
rock interactions[J]. Applied Geochemistry, 2021, 124: east-central  Italy[J].  Geochemistry:  Exploration,
104810. Environment, Analysis, 2018, 18(4): 343 — 350.

[54] ZHENG Zhaoxian, ZHANG Yan, LI Bingyan. [63] CARY L, CASANOVA J, GAALOUL N, et al
Sensitivity assessment of boron isotope as indicator of Combining boron isotopes and carbamazepine to trace
contaminated groundwater for hydraulic fracturing sewage in salinized groundwater: A case study in cap
flowback fluids produced from the dameigou shale of the bon, TunisialJ]. Applied Geochemistry, 2013, 34: 126 —
northern Qaidam Basin[J]. Sustainability, 2023, 15(6): 139.

5481. [ 64 1 VENTURIS, VASELLI O, TASSIF, et al. Geochemical

[ 551 VENGOSH A, STARINSKY A, KOLODNY Y, et al. and isotopic evidences for a severe anthropogenic boron
Boron isotope variations during fractional evaporation of contamination: A case study from castelluccio (Arezzo,
sea water: New constraints on the marine vs. nonmarine central Italy) [J]. Applied Geochemistry, 2015, 63:
debate[J]. Geology, 1992, 20(9): 799 — 802. 146 — 157.

[56] ¢#k, MR, T, 5 REHJIRENEEX [ 65] SEILER R L. Combined use of "N and '*O of nitrate and
IK AR IR 28 R SEEHFSE [J]. 0k 546 T, 2011, 40(1): "B to evaluate nitrate contamination in groundwater[J].
22 — 26. [ WEN Jing, DENG Tianlong, WANG Applied Geochemistry, 2005, 20(9): 1626 — 1636.
Shigiang, et al. Caloric evaporation test for the summer [66] BRIAND C, PLAGNES V, SEBILO M, et al
salt lake brine in the Dongtaijilaier salt lake[J]. Journal Combination of nitrate (N, O) and boron isotopic ratios
of Salt and Chemical Industry, 2011, 40(1): 22 - 26. (in with microbiological indicators for the determination of
Chinese with English abstract) | nitrate sources in karstic groundwater[J]. Environmental

[ 571 Lu Hsuehyu. Hydrochemistry and boron isotopes as Chemistry, 2013, 10(5): 365.
natural tracers in the study of groundwaters from North L67] HEug, T, Wi, Z2M 358 R 28 U0 s T 7K
Chianan Plain, Taiwan[J]. Isotopes in Environmental il R 5h R W5 (e A L], AR RN, 2021, 34(6):
and Health Studies, 2014, 50(1): 18 — 32. 37 — 40. [ MA Baogiang, WANG Xiao, TANG Chao.

[58] XIAO Yingkai, VOCKE R D, SWIHART G H, et al. Application of various environmental tracers in
Boron volatilization and its isotope fractionation during identifying  nitrate  sources of  groundwater[J].

evaporation of boron solution[J]. Analytical Chemistry,

Environmental Science and Technology, 2021, 34(6):


https://doi.org/10.3321/j.issn:0564-3929.2002.06.007
https://doi.org/10.1016/S0883-2927(99)00101-8
https://doi.org/10.1016/j.jhydrol.2021.125984
https://doi.org/10.1016/j.apgeochem.2020.104810
https://doi.org/10.3390/su15065481
https://doi.org/10.1130/0091-7613(1992)020<0799:BIVDFE>2.3.CO;2
https://doi.org/10.1080/10256016.2013.821468
https://doi.org/10.1080/10256016.2013.821468
https://doi.org/10.1021/ac970621j
https://doi.org/10.1016/S0043-1354(97)00251-0
https://doi.org/10.3969/j.issn.1008-858X.2002.02.008
https://doi.org/10.3969/j.issn.1008-858X.2002.02.008
https://doi.org/10.3969/j.issn.1008-858X.2002.02.008
https://doi.org/10.1016/j.apgeochem.2013.03.004
https://doi.org/10.1016/j.apgeochem.2015.08.008
https://doi.org/10.1016/j.apgeochem.2005.04.007
https://doi.org/10.1071/EN13036
https://doi.org/10.1071/EN13036
https://doi.org/10.3969/j.issn.1674-4829.2021.06.008
https://doi.org/10.3969/j.issn.1674-4829.2021.06.008

sources supplied by submarine groundwater discharge to

- 230 - IR Sl 5T TR 4 5 5 6
37 — 40. (in Chinese with English abstract) ] coastal waters[J]. Frontiers in Environmental Science,
[ 68 ] XUE Dongmei, BOTTE J, DE BAETS B, et al. Present 2020, 8: HO33 — 13.
limitations and future prospects of stable isotope methods [ 771 PENNISI M, BIANCHINI G, MUTI A, et al. Behaviour
for nitrate source identification in surface and of boron and strontium isotopes in groundwater—aquifer
groundwater[J]. Water Research, 2009, 43(5): 1159 — interactions in the Cornia Plain (Tuscany, Italy) [J].
1170. Applied Geochemistry, 2006, 21(7): 1169 — 1183.
[69]1 MARTIN C, PONZEVERA E, HARLOW G. In situ (78 1 XUMNER. R - A 52 A4 2 o i 8 ) o2 3R 3k b
lithium and boron isotope determinations in mica, 2% [J]. Mo BK fk 2%, 1996, 25(1): 93 — 100. [ LIU
pyroxene, and serpentine by LA-MC-ICP-MS[J]. Conggiang. Application of boron isotope geochemistry to
Chemical Geology, 2015, 412: 107 — 116. water-rock interaction system[J]. Geochimica, 1996,
[70] ALVAREZ-AMADO F, TARDANI D, POBLETE- 25(1): 93 — 100. (in Chinese with English abstract) ]
GONZALEZ C, et al. Hydrogeochemical processes [ 791 CHAUSSIDON M, ALBAREDE F. Secular boron
controlling the water composition in a hyperarid isotope variations in the continental crust: An ion
environment: New insights from Li, B, and Sr isotopes in microprobe study[J]. Earth and Planetary Science
the salar de AtacamalJ]. Science of the Total Letters, 1992, 108(4): 229 — 241.
Environment, 2022, 835: 155470. [ 80 ] ERCOLANI C, LEMARCHAND D, DOSSETO A.
[71] B MEl, SWIHART GH, B =, 5. /KB R AT 2R Insights on catchment-wide weathering regimes from
AH O B Ve BE KB R AL R A i R g 0] Eh T o, boron isotopes in riverine material[J]. Geochimica et
2001, 9(4): 15 — 23. [ XIAO Yingkai, SWIHART G Cosmochimica Acta, 2019, 261: 35 — 55.
H, XIAO Yun, et al. A preliminary study of the boron [ 81 ] NEGREL P, PETELET-GIRAUD E, KLOPPMANN W,
concentration on vapor and the isotopic fractionation of et al. Boron isotope signatures in the coastal
boron during evaporation of seawater[J]. Journal of Salt groundwaters of French Guiana[J]. Water Resources
Lake Research, 2001, 9(4): 15 — 23. (in Chinese with Research, 2002, 38(11): 44 — 1-44-5.
English abstract) ] [ 82 ] ANDREL, MANCEAU JC, BOURBON P, et al. Cyclic
[72 1 PURNOMO B J, PICHLER T, YOU C F. Boron isotope variations of sulfate and boron concentrations and
variations in geothermal systems on Java, Indonesia[J]. isotopes in deep groundwaters in the Aquitaine Basin,
Journal of Volcanology and Geothermal Research, 2016, France [J]. Applied Geochemistry, 2020, 123: 104818.
311: 1 -8. [ 83 ] MEREDITH K, MORIGUTI T, TOMASCAK P, et al.
[ 73] VENGOSH A, SPIVACK A J, ARTZI Y, et al The lithium, boron and strontium isotopic systematics of
Geochemical and boron, strontium, and oxygen isotopic groundwaters from an arid aquifer system: Implications
constraints on the origin of the salinity in groundwater for recharge and weathering processes [J]. Geochimica et
from the Mediterranean Coast of Israel[J]. Water Cosmochimica Acta, 2013, 112: 20 — 31.
Resources Research, 1999, 35(6): 1877 — 1894. [ 84 ] HOU Gang, YAN Hui, YU Zhengzheng. Application of
[ 741 HE Zekang, MA Chuanming, ZHOU Aiguo, et al. Using Al identification method and technology to boron isotope
hydrochemical and stable isotopic (5°H, 50, 6''B, and geochemical process and provenance tracing of water
6”Cl) data to understand groundwater evolution in an pollution in river basins[J]. Sustainability, 2023, 15(7):
unconsolidated aquifer system in the southern coastal 5942.
area of Laizhou Bay, China[J]. Applied Geochemistry, [85] XIBISE, IEZE, i, 55, i b B3 o b il
2018, 90: 129 — 141. 114 3t 3R Ak 25 B 5 R R (7], 3R A} 27, 2023, 48(3):
[ 751 HOGAN JF, BLUM J D. Boron and lithium isotopes as 878 — 893. [ LIU Mingliang, ZHENG Anting, SHANG
groundwater tracers: A study at the fresh kills landfill, Jianbo, et al. Progress in study of boron geochemistry in
Staten Island, New York, USA[J]. Applied high temperature geothermal fluids[J]. Earth Science,
Geochemistry, 2003, 18(4): 615 — 627. 2023, 48(3): 878 — 893. (in Chinese with English
[ 76 1 TAMBORSKI J, BROWN C, BOKUNIEWICZ H, et al. abstract) ]
Investigating boron isotopes for identifying nitrogen [ 86 1] LEEMAN W P, VOCKE R D, MCKIBBEN M A. Boron

isotopic fractionation between coexisting vapor and


https://doi.org/10.1016/j.watres.2008.12.048
https://doi.org/10.1016/j.chemgeo.2015.07.022
https://doi.org/10.1016/j.scitotenv.2022.155470
https://doi.org/10.1016/j.scitotenv.2022.155470
https://doi.org/10.3969/j.issn.1008-858X.2001.04.003
https://doi.org/10.3969/j.issn.1008-858X.2001.04.003
https://doi.org/10.3969/j.issn.1008-858X.2001.04.003
https://doi.org/10.1016/j.jvolgeores.2015.12.014
https://doi.org/10.1029/1999WR900024
https://doi.org/10.1029/1999WR900024
https://doi.org/10.1016/j.apgeochem.2018.01.003
https://doi.org/10.1016/S0883-2927(02)00153-1
https://doi.org/10.1016/S0883-2927(02)00153-1
https://doi.org/10.1016/j.apgeochem.2006.03.001
https://doi.org/10.3321/j.issn:0379-1726.1996.01.011
https://doi.org/10.3321/j.issn:0379-1726.1996.01.011
https://doi.org/10.1016/0012-821X(92)90025-Q
https://doi.org/10.1016/0012-821X(92)90025-Q
https://doi.org/10.1016/j.gca.2019.07.002
https://doi.org/10.1016/j.gca.2019.07.002
https://doi.org/10.1016/j.apgeochem.2020.104818
https://doi.org/10.1016/j.gca.2013.02.022
https://doi.org/10.1016/j.gca.2013.02.022
https://doi.org/10.3390/su15075942

2024 4 MBI, S 0I5 3R 2008 B A N A BT o i) o T a0 - 231 -
liquid in natural geothermal systems[Cl/ 7th 2FET %, 2022, 29(3): 115 — 128. [ XING Shiping,
International Symp on Water-Rock Interaction. Park City : GUO Huaming, WU Ping, et al. Distribution and
Int Assoc Geochem & Cosmochem, 1992: 1007-1010. formation processes of high fluoride groundwater in

[ 871 BATTISTEL M, HURWITZ S, EVANS W C, et al. The different types of aquifers in the Hualong-Xunhua
chemistry and isotopic composition of waters in the low- Basin[J]. Earth Science Frontiers, 2022, 29(3): 115 —
enthalpy geothermal system of Cimino-Vico Volcanic 128. (in Chinese with English abstract) |
District, Italy[J]. Journal of Volcanology and 951 SRAW], %, BTk 8, 5. PN 58T Al 42 4 b dth 3R K -
Geothermal Research, 2016, 328: 222 — 229, B KA AR AE B Rl A [T, 30 b 5, 2015,

[ 881 TAN Ying, JIANG Xiaowei, JI Taotao, et al. Identifying 29(2): 229 — 237. [ GUO Huaming, NI Ping, JIA
the source and fate of boron in geothermal water: Yongfeng, et al. Characteristics and their causes of
Evidence from B/Na and B isotopes[J]. Science of the surface water-groundwater geochemistry in the Hetao
Total Environment, 2024, 914: 169629. Basin, Inner Mongolia[J]. Geoscience, 2015, 29(2):

[891 Jal®, FHiEE, 178, 5. /K E B 0O HUR B 5= 229 — 237. (in Chinese with English abstract) |
FRRRZ IR [T]. sp AR i 2 4%, 2019, 38(3): 249 — [961 BIakHe, dALB. & b T K B 5 Y 3RO R TRt
252. [ ZHOU Yuan, YAN Ruixia, XU Rui, et al. Effects O [I]. b BRB R, 2013, 28(1): 51— 61. [JIA
of water-borne iodine and fluoride on thyroid Yongfeng, GUO Huaming. Hot topics and trends in the
diseases[J]. Chinese Journal of Endemiology, 2019, study of high arsenic groundwater[J]. Advances in Earth
38(3): 249 —252. (in Chinese with English abstract) ] Science, 2013, 28(1): 51 — 61. (in Chinese with English

[90] [EIZB B I AR SR, o I S o Ak 4 3 abstract) ]

Ze 512 MU K AR v : GB/T 14848—2017[S]. Jt [97] SMEDLEY P L, KINNIBURGH D G. A review of the
ot A EARAE L AR, 2017, [ General Administration source, behaviour and distribution of arsenic in natural
of Quality Supervision, Inspection and Quarantine of waters[J]. Applied Geochemistry, 2002, 17(5): 517 —
the People’s Republic of China, Standardization 568.

Administration of the People’s Republic of China. [98 1  XUHH 5. Vo 5 B 78 e VR /K A 2R 4 vh W 1% b Bk Ak 27 7
Standard for groundwater quality: GB/T 14848— % [D]. R o B b BT k= (RN, 2018. [ LIU
2017[S]. Beijing: Standards Press of China, 2017. (in Mingliang. Boron geochemistry of the geothermal waters
Chinese) ] from typical hydrothermal systems in Tibet [D].

[91] LIU Mingliang, GUO Qinghai, LUO Li, et al. Wuhan: China University of Geosciences(Wuhan),
Environmental impacts of geothermal waters with 2018. (in Chinese with English abstract) ]
extremely high boron concentrations: Insight from a case [99] YUCE G, UGURLUOGLU YASIN D. Assessment of an
study in Tibet, China[J]. Journal of Volcanology and increase in boron and arsenic concentrations at the
Geothermal Research, 2020, 397: 106887. discharge area of Na-borate Mine (Kirka-Eskisehir,

[92] ZANGO M S, SUNKARI E D, ABU M, et al Turkey) [J]. Terrestrial, Atmospheric and Oceanic
Hydrogeochemical controls and human health risk Sciences, 2012, 23(6): 703.
assessment of groundwater fluoride and boron in the [100] KOURAS A, KATSOYIANNIS I, VOUTSA D.
semi-arid North East region of Ghana[J]. Journal of Distribution of arsenic in groundwater in the area of
Geochemical Exploration, 2019, 207: 106363. Chalkidiki, Northern Greece[J]. Journal of Hazardous

[ 93] THAPAR, GUPTA S, KAUR H. Geochemical pathways Materials, 2007, 147(3): 890 — 899.
of fluoride and boron in the alluvialaquifer of the dwarka [101] DENG Yamin, WANG Yanxin, MA Teng. Isotope and
river basin, India[J]. Current Science, 2020, 118(8): minor element geochemistry of high arsenic groundwater
1292. from Hangjinhouqi, the Hetao Plain, Inner Mongolia[J].

[947 JWHHF, gR4e0, 23, 25 fbE—6 1k 2 o A R 2% Applied Geochemistry, 2009, 24(4): 587 — 599.

T K )2 4 R K Y 2 A BB G R (D). 3

e R R


https://doi.org/10.1016/j.jvolgeores.2016.11.005
https://doi.org/10.1016/j.jvolgeores.2016.11.005
https://doi.org/10.1016/j.scitotenv.2023.169629
https://doi.org/10.1016/j.scitotenv.2023.169629
https://doi.org/10.1016/j.jvolgeores.2020.106887
https://doi.org/10.1016/j.jvolgeores.2020.106887
https://doi.org/10.1016/j.gexplo.2019.106363
https://doi.org/10.1016/j.gexplo.2019.106363
https://doi.org/10.18520/cs/v118/i8/1292-1296
https://doi.org/10.3969/j.issn.1000-8527.2015.02.001
https://doi.org/10.3969/j.issn.1000-8527.2015.02.001
https://doi.org/10.11867/j.issn.1001-8166.2013.01.0051
https://doi.org/10.11867/j.issn.1001-8166.2013.01.0051
https://doi.org/10.11867/j.issn.1001-8166.2013.01.0051
https://doi.org/10.1016/S0883-2927(02)00018-5
https://doi.org/10.3319/TAO.2012.05.10.01(Hy)
https://doi.org/10.3319/TAO.2012.05.10.01(Hy)
https://doi.org/10.3319/TAO.2012.05.10.01(Hy)
https://doi.org/10.3319/TAO.2012.05.10.01(Hy)
https://doi.org/10.1016/j.jhazmat.2007.01.124
https://doi.org/10.1016/j.jhazmat.2007.01.124
https://doi.org/10.1016/j.apgeochem.2008.12.018

	1 硼同位素分馏原理
	2 影响硼同位素分馏的水文地球化学过程
	2.1 吸附作用与共沉淀作用
	2.2 解吸附作用
	2.3 风化作用
	2.4 蒸发作用

	3 硼同位素在地下水研究中的应用
	3.1 地下水污染
	3.2 海水入侵
	3.3 矿物风化
	3.4 在地热水研究中的应用
	3.5 在高氟、高砷地下水研究中的应用

	4 总结与展望
	参考文献

