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Inter-annual variation characteristics of stable hydrogen and oxygen isotopes and Cl
concentration in the Golmud River and implications for river recharge and evaporation
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Abstract: To gain an in-depth understanding of hydrological cycle processes in alpine and arid watersheds and provide scientific
guidance for local water resources management and utilization, a study was conducted on the monthly variation characteristics of stable
hydrogen and oxygen isotopes and Cl~ concentrations in the Golmud River. Water recharge sources were identified, water recharge
contributions were quantitatively assessed using the MixSIAR model, and evaporation degrees were evaluated through the Rayleigh
fractionation model. The results reveal that river water in July has exhibited significantly higher 8°H and 80 values with lower C1-
concentration compared to other months; the 8°H and 60 values are the lowest in Xiaonanchuan but higher in Yeniugou across
different months and gradually increase along river flow from Nachitai, while C1” concentration gradually increases from Xiaonanchuan
at the lowest value to the east branch at the highest value; the 6°H-8"0 relationship point falls lower right below the local meteoric
water line with the minimum lc-excess of —19. 03%c. The mean water recharge elevation exceeds 4 700 m. Glacier meltwater and

groundwater are primary recharge sources of river water, with an increasing precipitation contribution in July. There is a 9%
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evaporation loss on average along the river, peaking at >25% in the downstream east branch. These results demonstrate strong
agreements between the variations of lc-excess and Cl” concentration, validating the effectiveness of the evaporation evaluation method.
Key words: alpine and arid river; river water; stable hydrogen and oxygen isotope; evaporation assessment; water recharge source;

the Golmud River
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Fig.2 Variation of meteorological and hydrological parameters at hydrological stations of the Golmud
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Table 1 Statistical results of stable hydrogen and oxygen isotopes and Cl concentration characteristics of glacial

meltwater and groundwater in the Golmud River Watershed

v s . 8 H/ %o 80/ %o p(Cl7)/(mg/L)
FRERL S — 711 12 A 4 711 2A 4 711 12
KNI -78. 60 -75.60 -76.36 -12.03 -11.72 -11.53 36. 31 35.62 38.89
BAME  -67.87 -67. 82 -66. 50 -9.93 -9.83 -9.77 273. 44 276.00 242.00
Tk B/AME -70.29 -70.78 -70.05 -10.98 -10.88 -11.18 37.40 59.10 81.20
FYME -69.02 -68. 95 -68.08 -10.57 -10. 40 -10. 58 144. 48 162. 48 183. 40
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Fig.3 Monthly variation characteristics of stable hydrogen and oxygen isotopes and Cl~ concentrations in

the Golmud River
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Fig.4 Variation of 60 and lc-excess in the Golumd River with elevation
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Table 2 Initial isotope values and mean elevations of water recharge in the Golmud River
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At 580/ %o 8*H/%o T 80 T 8°H H#T 8"0 HT 8°H
4 -11.91 -75.1 5156 5154 4935 5107
5 -11.02 -68.5 4899 4897 4669 4803
7 -10.43 -64.2 4729 4728 4495 4604
9 -11.12 -69.2 4927 4925 4698 4836
10 -10.98 -68.2 4887 4886 4657 4790

12 -11.39 -71.2 5004 5003 4778 4928

L AMATIRE | ST IMEAE ) BT SE AMA EIR 2 ST A Y ot o

3.3.2 AMkR

P FE T AL T2 UK KRR K I R K NG 70 A B 58 KA SR AT 4 20 M A5 B AR AR 4 SR
LS AT /N )RR S AR R 2R 7 A B O ml Bk 28 38 i HAth H A AL ZE vk R R 7K 22
(), 22 BRI BO K #0257 A 52 KK s i BH S i A A 0 5ok A S KB IA G . S5/ eI —4¢,7 A B
A YRR 7K AT R 3Z R A M 358, TR A i A~ H iz 3m] Bl K[R8 5 fw ) B K (1 5) . 4 H.5 H .9 A .10 A
R AT K SRR R 2 (A ()R B 23 R 7K B 7R T M R AKX Be K (i #h 25,1 7 A Fi 12 A
I B 7K S AR [l 2R {5 B T 1) T 2 b AR K B, 5 2 AN il B IEROK (F5) A 6,
H TR A D R IERK R T 5 koK A DGR S5 R KRS DIR (B 5)

TRt 7K ST 5 s 388 3 308 5 ¥ 7K 55 20 i e S AR TR 67 38 (0 L T 7K 9 I 45 SR TR 28 B, TR AR
[ AR AR TR 2 PP A 45 G U G ) DTk LB R TR 5 R R, X A T IR AR AR R 4 SR AR AR KR
2o T K 28 A At SR K 2 10 28 1 AT A R T K AN R WD B 8, B T2 A S Il R A, RIS AL AT f it
SRTF A £ SRR AR B TTRR T 1% B B A T I R T K SRR R R 3 2% R B R O g K
TR K AN A R A AR B R RIS RIS RS A K AR IR GR 15 B, . BT R A B B 7 A ik 2
AN]SR K A 265 B RIS I AR AL, PRI AR SCASORTAR JR ATRT AR SR 5 ) B AR R A T4

&L S AT, 25 H A SR AT K Kb 45 B4 [ A7 28 (0 5 S 3 vk 1 | 5 1 KT 55 Bk AR B 3s PRI, oK)



555 39 B, 55 ARIRAIDK EAARRE LR S C & B AR VA RHIE SO I R (b2 5 28 R B R 7R 41

KRG IRAT KN 1 £ BRI AN W R (BB F A — a2 A8 Ak, 4 3 3230 vk 1 iz 5 HAth 9 4
IG5 A AR T K, 7 A BB E N K 5K 8 B2 8], B T B KR Z [ (E5) X et
S5 J WL T ] 7K A 45 R R ZE R L ] ) AR A

FET MixSIAR AR T 45 A M IRATH K AN AR IR Tk, 11530 A R Bk s vk TR R I {E (8°H =
~76. 86%0,8" 0 =—11.76%0) f¢- 2 VK130 7T , 11 X WK [543 Z ¥9ME (8°H = —68. 68%0,8"0 =—10. 51%0) 1t 32 1
TKIRIC, DR G FeK R 2 H IFUE (8°H = -46. 6%0,6" 0= —8. 14%0) {0 FFEK it , K 6(a) Bk,
PKINXHRIZK b 2 5 A E L], JEIEAE 4 vk STHR ST I8 57. 5% s i R AKX K #h25 A7 22 ik, 7 H
35 46. 8% ; [EK TTRREAIG , i i N 24. 2% , ERAE 7 H o FET MixSIAR A5 R 45 SLRIAR JR AT I 2 %5 | ok
— R T S U Te A AN T 25 RN 6 (b) i £ H UK 4E X FA I i AE 7. 4~ 18.9m’ /s Z[H],
R KM AR A 4. 34~26.2m’ /s Z[6], [k 4 X A T B AE 3.5~ 13. 5m’/s Z[a], 12 A &K vk,
MR KL X AN T AR AR . AN ) A 0345 e X K R 4 B Bk 22 S PR LS AR A Y L &
ZEfh I, JUHAE 4 7R BT BoK A vk iR Ak, LA X RN 15, 64 m® /s, UM B ZRTK £ 2
TRk . B2 RIRAKEETR R, KIS, VKO Bk 3 22 s 42 0 S Ad 2R S 3 KRN R K A TR L
(o3 K, LA S A T o o A, T vk RS AN LB B E e X #h A s A T, B 9 AU HEES
TN B FIRE AL vk BRI 7 45 e XAl K B LU A2 X R0 4 i S TR R A 3, AR I
VKA T 7K 19 S BTHRAE 75. 8% ~86. 9% Z 1], 45X 4 A MR E] 11.7~42. 4 m’ /s, 2 A% /R AT BE 32 2
FaRE MR 78 RO AL 2 T AR Tl i & S BAEFHY | Yang %58 X il 900 42 37 ¢ 25 O A 5245 H
TFACFI RN Bl K SR B EORUR (5 R AY 72% o FERE SR AT SR R T A AR 1 L A RS i AT T
LTI Wang 450 Xp AR L 1 XA 37 2 UR AR AIF 5 22 BH , ZR9T L Y Il AR I 80. 2% % A v+ .55 vk )1
X3 B A L 1 gk | K XH T 37 3 e A DRk S 8 56. 649% ), X SERFFEAT Sy R T A SCLE IS,

Mok ekl ek

100 30
L 25t M
o8 :
& = 20}
B 60 i)
H<E’ §§ 154
$E a0t &
o = 10}
E=y
i N M ali
0 0 . A . . . |
4 5

4 5 7 9 10 12 7 9 10 12

Aty EEG)
(a) FMASRICTIRR LA (b) xR

Bl 6 AEAMBAKIEIRITITE L GIFIEIT (MR E
Fig. 6 Proportion of contribution from river water recharge sources and absolute flow of recharge in different months

3.4 AKFEETMN

REIRATIK 6°H (8" 0 FEARTEAE MR KL Z T (181 5) , BRI AZ 78 S5 Wi H A 45 U 52 78
SO 8O U A A B K AR R ) 2 MR B LR, 25 R R, 5 800 —HF p(Cl)
R R K RS & AR AR L AN 3 RIE 4 FR 45 H 8RS IR ATITIK 850 Fil p (CL) (%3 8] 43 Aii
R I 1)) 7K 78 K 52 BB R 3, Hoh AR SR Y Z8 KRR BE e, BT 8°0 1 p (CL7 ) 1Y H 3 A FALE
FRKZERKZE R AR = A B 2 AR (& 3) , S A% AR TR AN oI5 15 RIS 2 AR K St s D0 18 78 Bt
(F2) =8, BIRATIK p(C1) F 80 ZIFFTE R —E IEAH O R HE— AR T P 8 75 Il K 26 & i ¥
JI(E 7 Ca) ,r AMKRREL p N RENE 0 IRERED o ITAFR, 238 B T — I KA 2 K T 45 b
excess , HAHMUN, FE W KA 28 & MR ) M R AR T, Te-excess 5 p (C17) S 4 B 2 1Y UM 56 ¢ &
(B 7(b) ), Hozs [F1 A 2B ARARAE BT S 5 A5 8"0 Ml p (CL7) SR —3 (/3 M 4), HIXHT
le-excess F5 bR R K 2007 RE T 5045 21, 7 B RURE T AT, REEC B0 WLt S R 2 A IR RE B2 AT 7K 28 A 4t
SRR R E A A TR R A B K A2 R 0

P 3 A T AN MG IR AT AR 28 R R 330 PP SR FAR IR A SIS [R) A 3 {0 7K 78 e 4 5 T 3 K

le-



42 IORGIPNE S S QI S D) CHRRE

04 o5H ATH v9H °10H  <12H
=/NEEJI =R mrhliE s RG] e P R
1000 g 1000¢

v

y=-0.04x+1.78

%0 : it . % (r=-0.66, p<0.01, n=125)
£ ol oV £
= 100f e X, w = 100}
[ ° .ﬁ ‘A' N A [
Q v 5‘ r &af\y )
Q v & 4 y=0.077x+2.74 SY
= 4 (r=0.36, p<0.01, n=125) . 4
10 PR S S S S 10 ; ; . . . ;
-12 -11-10 -9 -8 -7 -6 -5 -20 -15 -10 -5 0 5 10
5"%0/%0 Ic-excess /%o
(a) SBOF PICI) KFR (b ) lc-excess Fll 2(CI") K F&

B 7 ARAMIRRAAK %0, Ic—excess 5p(Cl") BIXFE
Fig.7 Relationship of 60 and lc-excess with p(Cl™) in the Golmud River in different months
LSS AR K ANARIIRE (3R 2) o HTI&T 8 T, b 2% SCUR (/IR )RR 21 ) ¥ 7K 28 R 4 2 38 e 5
A2 B, /RN R B RZEZ/INT 5%, 5 YA R IR R, ZREWIRW, 54078
R AR AU T 1 28 R AR BRAR, 72 4 H .9 A 10 H R i, 5 8130 vk = Rl K R 7K S A 56
R IRATT i 28 R AR R AR 8% 7247 FEUR R IE MR BN EFF 12 H 9 A7 H .4 A5 A.10 A,
il DX R A AN AE DR B S, ARG BER R SO K K Rl RE T 28 A A At 2k . SR,
AR EEIE LD WK RBRRE 4 A S A7 A 10 A 12 H AR B AR i 5Tk
AR IR AAR . PRI, iR k) K Al e G Wi 2R A58 TE b2 TR T BL, 9 H A ilfpinl 7K 2 A 4
Q/NEN QAN @Piif QP OARX OTKI — HEILREY le-excessI AL
y=-0.0103x+0.043 r2=0.52, p<0.01 y=-0.011x-0.012 r2=0.63, p<0.01 y=-0.007 9x+0.045 r2=0.45, p<0.01

|
.

B

(a)4H (b) 5H (¢)7H
¥=-0.006 7x +0.045 r2=0.39, p<0.01 y=-0.0099x+0.0157 r2=0.68, p<0.01 y=-0.004 3x+0.053 7 r2=0.15, P<0.18

°
|

e

8 IBRAFAEEMEES le-excess, HEMX R

Fig. 8 Relationship between evaporation loss rate, lc-excess, and elevation in the Golmud River



55 5 1 B, 55 ARIRAIDK EAARRE LR S C & B AR VA RHIE SO I R (b2 5 28 R B R 7R 43

REAYIE 2L O EE T s 5HAA AR HE R S IR — PR, 12 3 SRR,
UREER T /N il b 2R R EOKZE R IR R T S . 5150 B 7 A 250, Hof A AR S K 78 &%
P A o TP S, 3 5 AR SORAE A i A T S S iR A b HLAT BRI 28 R A G

SZ L NE A AR ZE AR R NT 5% , 37 4000 A 78 R RAE 1% 540, e A 28 R Bk R AE
8% IEAT, PR AR KRR @ T VUL, e w36 25. 8%, il i i Al /IR I 45 S 55 1e-excess [H X L & PR,
12 AAEIRARM P ZE LR 5 le-excess R R I W AR, FTBE 51 A URIRAL 728 L0 RS A %
(E2) 1M le—excess 2 S M2 K o B IR0 22 1R8N I FE b, TEIRZE R A AF R . Bk 12 A4, Hifth
A BRI R ZE KR le-excess RILE TAHICHE (B 8) | #E— 2L IRHIE le-excess J& PEAT T K28 & 1Y
ARAEF

4 & it

a. 77K 8°H .80 lc-excess 1 p( CI™) Wl 4351 K —45. 18%0~ —71. 59%0.—5. 28%c ~ —11. 84%0 . —19. 03%o ~
5.98%0f11 22. 28 ~704 mg/ L, X EESHR IS [F] 1) 25 [ N 2295 AR AR R AR, 28 8] 1, 6°H F1 6" 0 /v JITIRAIK,
FEEF A 1A R le-excess AR p (C17) B TFS] N R3S I, B iE]_E 6% H F1 8"0 78 7 H =i mife
12 H 5l s le-excess 76 9 H HBARMIAE 10 H feir ;0 (C17)FE 9 H &= e 12 H&AK,

b. &R L2 AR K SCR R 2 /N R 32 0K 1 Rl A5 i B S5 0 B 24 32 Bk e e . AR 5 DA
TIVTK R K R R KRS . MixSIAR 5 R 45 5 B oK | Rl K RS AT i 1Y TR TE 75. 8% LA L
B A R ZE SR B N N ZE R BVR BB/ N (<5% ) BP AR IR Wi AR 228 R SR i K, thii 28 Rk
BIE 8% Fihn o F Al MR R 45 R 5 e-excess I p (C17) REAH HLENAIE, B0 0iE 1 28 & VAl 45 SR 10 vl Sk
R TN 9 7% 2 0 2 5 71 e VA IO 7 R L DX 58 7 I 22 ke 4 B S 08 Tl A 23 T /K B AT e

SE Lk

[ 1] SHAO Lili, TTAN Lide, CAI Zhongyin, et al. Driver of the interannual variations of isotope in ice core from the middle of Tibetan
Plateau[ J ]. Atmospheric Research,2017,188:48-54.

[ 2 ] CHENG Yaping, FAN Qishun, CHEN Tianyuan, et al. Influencing mechanism and hydrogeological implications of water level
fluctuation of lakes in the northern Qaidam Basin, Qinghai-Tibet Plateau[ J ]. Journal of Oceanology and Limnology,2023,41(4) .
1243-1257.

[ 3] XWINGE, Bh i, ot 55 M IR AT SRk SC R R AR R A B B AR O AT [0 ). SR IIWFE, 2023,31(4) :39-52. (LIU
Xiaobao, YI Lei,MA Zhe, et al. Characteristics of changs in hydrometeorological elements of the Golmud River basin and their
teleconnection analysis[ J]. Journal of Salt Lake Research,2023,31(4) :39-52. (in Chinese) )

[ 4 ] HUANG Jinting, WANG Wenke, CUI Xudong, et al. Environmental risk-based hydroeconomic evaluation for alluvial acuifer
management in arid river basin[ J]. Science of the Total Environment,2020,711;134655.

[ 5] YANG Nuan, WANG Guangcai. Spatial variation of water stable isotopes of multiple rivers in southeastern Qaidam Basin,
Northeast Qinghai-Tibetan Plateau ;insights into hydrologic cycle[ J]. Journal of Hydrology,2024,628130464.

[ 6] HEAEMR, MBE, LV, & M RARFKIALZEREAE R B [ )], K BERAYT,2020,36(5) :93-98. (WANG Shengbin, QI
Zexue, WANG Wanping, et al. Hydrochemical characteristics and causes of formation of the Golmud River[ J]. Water Resources
Protection,2020,36(5) :93-98. (in Chinese) )

(7] Fg-b55 5K, JZE08, A5 3R BH 1 b B W i K AR ) 3R AR AR iE S A8 7R B [T ). AR, 2024,36 (2)
487-498. (TAO Shiyong, ZHANG Xiang, XIA Junqiang, et al. Variations of stable isotopic characteristics of shallow lake-river
water system and its indicative significance in Lake Poyang wetland, China[ J]. Journal of Lake Sciences,2024,36(2) :487-498.
(in Chinese) )

[ 8 ] RRFRUT , MRz 75008 e T KRN 203 D5 IR 107 3% R A~ 5 AT [ ). K BE IR 7, 2018, 34 (1) :24-30. (ZHENG Xinhong,
CHEN Jiansheng. Isotope geochemistry analysis of groundwater recharge source in Guannan, northern Jiangsu Province[ J ]. Water
Resources Protection,2018,34( 1) :24-30. (in Chinese) )

(9] By, &, MRk S5 /ORI K i) U 4Rk R 3R 22 S e SR M DA 3R [0 ] TR 2722 ( A SRR RR) ,2023,51(4)
10-17. (ZHAN Lucheng, ZHAO Na, CHEN Jiansheng. Hydrogen and oxygen stable isotope difference between fog water and
precipitation and influencing factors[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(4) :10-17. (in Chinese) )



44 WK E el (AR RS R ) CURRE

[10] MEE, 2/NE IR, 55, A% TR DX IR SR KA 24 AR SR R AT [ ] /K B2 IR 37,2024 ,40(5) 1 158-164. (ZHENG
Yuhui, LI Xiaohui, BAI Yaoyu,et al. Hydrochemical characteristics and genesis analysis of hot springs in Shangrila Region[ J].
Water Resources Protection,2024,40(5) :158-164. (in Chinese) )

[11] DOGRAMACI S,FIRMANI G,HEDLEY P, et al. Evaluating recharge to an ephemeral dryland stream using a hydraulic model
and water, chloride and isotope mass balance[ J]. Journal of Hydrology,2015,521:520-532.

[12] YANG Kunhua, HAN Guilin, ZENG Jie, et al. Spatial variation and controlling factors of H and O isotopes in Lancang River
Water, Southwest China[ J ]. International Journal of Environmental Research and Public Health,2019,16(24) :4932.

[13] LI Zongjie, LI Zongxing, SONG Lingling, et al. Hydrological and runoff formation processes based on isotope tracing during
ablation period in the source regions of Yangtze River[ J]. Hydrology and Earth System Sciences,2020,24(8) ;4169-4187.

[14] PN, JEREBE BRI T, 45, PP Ll X 5 R e /K S SRR E [ 62 38 I 25 20 A1 R i B2 HOK ORI AT [ 1] 7K B2 I
f437,2022,38 (5) : 111-121. ( SUN Congjian, ZHOU Sijie, CHEN Yaning, et al. Spatiotemporal distribution and water vapor
sources of stable isotopes of hydrogen and oxygen in below-cloud and surface precipitation in alpine region in Central Asia[ J].
Water Resources Protection,2022,38(5) :111-121. (in Chinese) )

[15] HUANG Xianglin, AN Ru, WANG Huilin, et al. Differential effects of climatic and non-climatic factors on the distribution of
vegetation phenology trends on the Tibetan plateau[ J ]. Heliyon,2023,9(10) ;e21069.

[16] ZE5E, B /NE. T IFK P 3% 43 B2 KoK IR ML 95 ik 48R [ ], HuERBl 22 38E 8 2022, 37 (10) : 1025-1036. ( LT Hu,
PAN Xiaoduo. An overview of research methods on water vapor transport and sources in the Tibetan Plateau[ J]. Advances in
Earth Science,2022,37(10) :1025-1036. (in Chinese) )

[17] ZE534 oK E I8, ke, 25 T8 B VG 3 v 9% 1 IX R) 32 36 AR S UK SCRF gt adE R [ 7], HaBRBl 24,2023 ,48(3) : 1156-1178. (LI
Zongxing ,ZHANG Baijuan, FENG Qi, et al. A review of isotope ecohydrology in the cold regions of western China[ J]. Earth
Science,2023,48(3) :1156-1178. (in Chinese) )

[18] YU Wusheng, YAO Tandong, TIAN Lide, et al. Relationships between 80 in precipitation and air temperature and moisture
origin on a south-north transect of the Tibetan Plateau[ J]. Atmospheric Research,2008,87(2) ;158-169.

[19] LIU Lina, WANG Nannan,ZHANG Yanrong, et al. Spatial and temporal variations of vegetation cover on the central and eastern
Tibetan Plateau since the last glacial period[ J]. Global and Planetary Change,2024,240.104536.

[20] ZHONG Ruida,HE Yanhu,CHEN Xiaohong. Responses of the hydrological regime to variations in meteorological factors under
climate change of the Tibetan Plateau[ J]. Atmospheric Research,2018,214.296-310.

[21] XIAO Yong,SHAO Jingli, FRAPE S K, et al. Groundwater origin, flow regime and geochemical evolution in arid endorheic
watersheds:a case study from the Qaidam Basin, northwestern China[ J]. Hydrology and Earth System Sciences,2018,22(8) .
4381-4400.

[22] YANG Nuan, WANG Guangcai, HOU Enke, et al. Triple isotopes (8D,8'%0,670) characteristic of river water and groundwater
in an arid watershed from Qaidam Basin, northwestern China; implications for hydrological cycle [ J |. Science of the Total
Environment,2024,927 .172229.

(23] ARERAH, BESCHl M , A5 JE TR AR R IR SWAT A6 B K SCREIE RS SR 52 [ J]. 7K 3C,2023,43(2) :46-51. (TAI
Lixiang, RAO Wenbo, TAN Tao, et al. Scenario simulation research on hydrological characteristics of the Golmud River Basin
based on SWAT model[ J ]. Journal of China Hydrology,2023,43(2) :46-51. (in Chinese) )

[24] PO, E-ME, 5, 55 AL ARG S 5201 5 R AR R A R /K K SR 1 3 [ 0] #hiise 2023,
31(4) :30-38. (HAN Jibin, WANG Jianping, YI Lei, et al. The potential analysis of rain-flood resources in the Golmud River
Catchment based on climate change and human interventions , Qaidam Basin[ J ]. Journal of Salt Lake Research,2023,31(4) :30-
38. (in Chinese) )

[25] SHEN Huigui,RAO Wenbo, TAN Honghing, et al. Controlling factors and health risks of groundwater chemistry in a typical alpine
watershed based on machine learning methods[ J]. Science of the Total Environment,2023,854;158737.

[26] MR8, kMg, 2N, 45 AR R UK 5 48 ZK AT IR I 28 78 A0 S HoAR 36 38 SCLT ] M B 2741, 2011, 66 (1) £ 1540-
1550. (CHEN Yixin,ZHANG Mei, LI Chuanchuan,et al. Fluvial incision process and its tectonic implications of Golmud River
since last glaciation maximum[]] Acta Geographica Sinica,2011,66(11) ;1540-1550. (in Chinese) )

[27] PkmI, Bl LLIT 45 DX R s KA~ A S0 PR 3R R e XU [0 ] 09 R 4l ( A SRR IR
2022,50(6) :9-17. (SHEN Hu1gu1,RAO Wenbo, TAN Hongbing, et al. Chemical characteristics, influencing factors and human
health risks of groundwater in a typical alpine watershed[ J]. Journal of Hohai University ( Natural Sciences),2022,50(6) :9-
17. (in Chinese) )



55 5 1 B, 55 ARIRAIDK EAARRE LR S C & B AR VA RHIE SO I R (b2 5 28 R B R 7R 45

(28]
(29]

[30]

[31]
(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

TR A R AT S AR B B [ D] bt R M FOR (e st) ,2019.

ZHANG Xianghui,ZHANG Changmin, FENG Wenjie, et al. Application of remote sensing in the description of fluvial system in
dryland;a case study of Golmud distributive fluvial system, Qaidam Basin, NW China[ J]. Journal of Palaeogeography,2022,11
(4):601-617.

BER%, AN, ok A5 . 75 7R S AR ZR AT AL ek S R AR 5 FUAl [ 0] vk £ ,2024,46(4) :1113-1127. (RAO
Tianxing,ZHOU Gang, ZHANG Shiqiang. Simulation and projection of hydrological processes in Golmud River basin, northern
Qinghai-Xizang Plateau[ J]. Journal of Glaciology and Geocryology,2024,46(4) :1113-1127. (in Chinese) )

FE RS Je. 2020 HEZEIHFESE [ M. JEAT: Hh ESEH Ak, 2020.

XIE Cong,LIU Hang, LI Xingru,et al. Spatial characteristics of hydrochemistry and stable isotopes in river and groundwater,and
runoff components in the Shule River Basin,northeastern of Tibet Plateau[ J ]. Journal of Environmental Management,2024,349 .
119512.

Bescile, ekl WAL A5 8 T R IX IR EUAURRE R AL 3R ALK PFOR IR : LB B L A IR AR T i o 1 [T ]
JKF|ZE 4R ,2021,52(9) :1116-1125. (RAO Wenbo, LI Yaowei, TAN Hongbing, et al. Stable hydrogen-oxygen isotope composition
and atmospheric moisture sources of precipitation in an arid-alpine region:a case study of the Golmud River Watershed on the
north slope of the Kunlun Mountains[ J]. Journal of Hydraulic Engineering,2021,52(9) :1116-1125. (in Chinese) )
LANDWEHR J M,COPLEN T B. Line-conditioned excess:a new method for characterizing stable hydrogen and oxygen isotope
ratios in hydrologic systems [ C ]//Proceedings of the International Conference on Isotopes in Environmental Studies. Vienna:
TAEA 2006 132-135.

EVARISTO J,JASECHKO S, MCDONNELL ] J. Global separation of plant transpiration from groundwater and streamflow [ J].
Nature ,2015,525(7567) :91-94.

LANDWEHR J M,COPLEN T B,STEWART D W. Spatial, seasonal, and source variability in the stable oxygen and hydrogen
isotopic composition of tap waters throughout the USA[ J]. Hydrological Processes,2014,28(21) :5382-5422.

HAMANI A K M,LIU Junming, SI Zhuanyun, et al. The relationship of 8D and 8"0 in soil water and its implications for soil
evaporation across distinct rainfall years in winter wheat field in the North China Plain[]J]. Agricultural Water Management,
2024,304:109092.

TORRES-MARTINEZ ] A, MAHLKNECHT J, MORA A, et al. Unveiling nitrate origins in semiarid aquifers: a comparative
analysis of Bayesian isotope mixing models using nitrate and boron isotopes and a Positive Matrix Factorization model[ J]. Journal
of Hydrology,2024,639.131622.

MAO Lulu,REN Wenbo, LIU Xitao,et al. Tracking the multiple Hg sources in sediments in a typical river-lake basin by isotope
compositions and mixing models[ J]. Journal of Hazardous Materials,2023,459.132166.

XIA Yun, XIAO Jun, WANG Wanzhou, et al. Nitrate dynamics in the streamwater-groundwater interaction system : sources, fate ,
and controls[ J]. Science of the Total Environment,2024,918.170574.

ZHANG Chi,RAO Wenbo, WU Zhihua, et al. Anthropogenic impacts and quantitative sources of nitrate in a rural-urban canal
using a combined PMF 6" N/8'"*0-NO; ,and MixSIAR approach[ J]. Environmental Research,2024,251(Pt 1) :118587.

LI Murong, BIAN Jianmin, WANG Yu, et al. Identifying interactions of linked irrigated lake-groundwater system by combining
hydrodynamic and hydrochemical method[ J ]. Environmental Science and Pollution Research International ,2023,30(40) :91956-
91970.

MOORE J W,SEMMENS B X. Incorporating uncertainty and prior information into stable isotope mixing models [ J ]. Ecology
Letters,2008,11(5) :470-480.

JIANG Xiaoqing, HAO Shuai, LI Fadong, et al. Tracking seasonal evaporation of arid Ebinur Lake , NW China: isotopic evidence
[J]. Environmental Earth Sciences,2024,83(18) :543.

ZHAO Xin, LI Fadong. Isotope evidence for quantifying river evaporation and recharge processes in the lower reaches of the
Yellow River|[ J]. Environmental Earth Sciences,2017,76(3) :123.

WANG Shiqin, TANG Changyuan, SONG Xianfang, et al. The impacts of a linear wastewater reservoir on groundwater recharge
and geochemical evolution in a semi-arid area of the Lake Baiyangdian watershed, North China Plain[ J ]. Science of the Total
Environment, 2014 ,482-483,325-335.

B X AT BB A AR B TR ()L 2R A R U L DR 2 A R A [ ) ] K BRI S K TR AR, 2022, 33
(6) :62-68. (LYU Wengai,LIU Yunfei, YIN Changjun,et al. Estimation of river evaporation loss in the Cele River Basin based
on stable isotopes[ J]. Journal of Water Resources & Water Engineering,2022,33(6) ;62-68. (in Chinese) )



46 WK E el (AR RS R ) CURRE

[48] JIN Jin, LIU Tiejun, LIAO Zilong, et al. Interaction between intermittent river and groundwater in arid and semiarid basin
considering the influence of evaporation on isotopic compositions[ J]. Journal of Hydrology: Regional Studies,2024,54.101876.

[49] 204,305, IR, FARRE L ZO0 I8 BRI Z8 4 S5 A R IR F /R AE T[T ). T 5 IXHIF 5T, 2021, 38 (4) :930-938.
(GUO Xin, LI Wenbao, SUN Biao. Indication of hydrogen and oxygen stable isotopes in Dali Lake for evaporation and
replenishment sources[ J]. Arid Zone Research,2021,38(4) :930-938. (in Chinese) )

[50] BOWEN G J,PUTMAN A,BROOKS J R, et al. Inferring the source of evaporated waters using stable H and O isotopes[J].
Oecologia,2018,187(4) :1025-1039.

[51] E¥, HK ko, 5 H T 2 8 19 588 AR G KoK R R RRAEAF 7T [ )], 00 K224 ( HARBR =R , 2025, 53
(2):29-38. (WANG Tao, LI Qifa,ZHANG Xi,et al. Study on isotope characteristics of precipitation in Qaidam Basin based on
multi-source data[ J]. Journal of Hohai University ( Natural Sciences) ,2025,53(2) :29-38. (in Chinese) )

[52] FMFHE. AR R M X Rl E K SCHL R [ J]. F I, 1991 (1) :26-31. (SUN Cunyu. Isotope hydrogeology of the Golmud
region[ J]. Qinghai Geology,1991( 1) ;:26-31. (in Chinese) )

(53] 2Rt , TR, BN B, A% K AT I S DX oK ) 67 38 SR A A REAE [ T ] P AL M5, 2007, 40 (4) : 94-100. (LI Jian,
WANG Hui, WEI Liqiong. Isotopic and hydrochemical characteristics of groundwater in the Golmud River Basin[ J |. Northwestern
Geology,2007,40(4) :94-100. (in Chinese) )

[54] PAGE CHAMBERLAIN C,POAGE M A. Reconstructing the paleotopography of mountain belts from the isotopic composition of
authigenic minerals[ J]. Geology,2000,28(2) :115-118.

[55] B, S ARA TEAT 25, 35 580 It Ll DO T U AR SC R 5 2R R A C R [ T]. KA 2741k, 2022, 53 (2) : 176-187.
(QIN Chao, WU Baosheng, WANG Ge, et al. Generalized hydraulic geometry and multi-frequency downstream hydraulic geometry
of mountain rivers originated from the Qinghai-Tibet Plateau[ J]. Journal of Hydraulic Engineering,2022,53(2) :176-187. (in
Chinese) )

[56] PENNA D,VAN MEERVELD H J,ZUECCO G, et al. Hydrological response of an Alpine catchment to rainfall and snowmelt
events| J |. Journal of Hydrology,2016,537:382-397.

[57] JEIZER AR, Tk, 5. 77 90 i S A 5 UK VR BB AE A B S ke [ 1] BRBERL 4 5, 2024, 37 (9) : 1885-1896. ( ZHOU
Bingrong, YUAN Jiashuang, QIAO Bin, et al. Research progress on climate and cryosphere changes in the Qinghai-Tibetan Plateau
[J]. Research of Environmental Sciences,2024,37(9) :1885-1896. (in Chinese) )

[58] YANG Yuheng, WENG Baisha, YAN Denghua, et al. Tracing potential water sources of the Nagqu River using stable isotopes[ J].
Journal of Hydrology: Regional Studies,2021,34.100807.

[59] WANG Ninglian,ZHANG Shibiao, HE Jianqiao,et al. Tracing the major source area of the mountainous runoff generation of the
Heihe River in Northwest China using stable isotope technique[ J]. Chinese Science Bulletin,2009,54(16) ;2751-2757.

[60] YANG Yuzhong, WU Qingbai,JIN Huijun. Evolutions of water stable isotopes and the contributions of cryosphere to the alpine
river on the Tibetan Plateau[ J ]. Environmental Earth Sciences,2016,75(1) :49.

[61] REN Xiaofei, LI Peiyue, HE Xiaodong, et al. Tracing the sources and evaporation fate of surface water and groundwater using
stable isotopes of hydrogen and oxygen[ J]. Science of the Total Environment,2024,931.172708.

[62] HAO Zhou,GAO Yang, ZHANG Qingwen, et al. Isotopic insights on quantitative assessments of interaction of eco-hydrological
processes in multi-scale karst watersheds[ J]. International Soil and Water Conservation Research,2024,12(1) ;156-170.

[63] VYSTAVNA Y,HARJUNG A,MONTEIRO L R,et al. Stable isotopes in global lakes integrate catchment and climatic controls on
evaporation[ J ]. Nature Communications,2021,12(1) :7224.

KR A 2024 - 1221 Sk X0 eds )



