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Characteristics of Hydrogen and Oxygen Isotopes in leferent Water Bodles m

Hllly and Gully Regions of the Loess Plateau /L e T ! A 3
ZHANC He- hu1 Zl ,, YU Kun-xia'* LIthaH-blnl‘z, LI Peng¥ .‘ ' ZHAO Bm hua , KE ‘Hao-c_hen'g;-l-',"_.

A

JIANG Kai-xin | [/ & 4 Y .‘ \ .
(1. State|Key Laborato_gy of Eco-hydraulic in N‘grl“hwest :L}rid" Region, Xi’an Univérsit;jf of Technolo‘gy, Xi’an 710048 , C}.lina; 2_.“_‘Sta‘te
Key Laboratory lof. Soil, Erosion and Dry-landyFarming on' Loess Plateau, Yangling*712100, China; 3. Key Laboratory of National
Fored"ry A.dmlnl%tratlon on Eeological Hydrology and Dl@aster PI‘PVenthH in Arid Regions, Xi’an 710048, China)

Abstract Studymg the isotope characteristics“and water body transformatlon relationships among different water bodies in the hilly and
gully regidn of the Loess Plateau can provide a theoretical foundation for evaluating regional climate, ecology, and water resources. In
this studi‘r, daily and monthly averaged 6D and 6"0 in precipitation, river water, and shallow groundwater were measured in 2017 in the
Jiuyuangou watershed, which has a good ecological condition. The compositional relationship between the stable hydrogen and oxygen
isotopes in difference water bodies was explored, the influence factors and spatio-temporal variation of 80 in precipitation and river
water were analyzed, and the stable isotope conversion ratios between different water bodies in the study area were calculated using the
two-terminal mixed model. The main conclusions of the study are as follows: the d-excess of river water showed an increasing trend with
elevation during the observation period; the 60 of river water was enriched with increasing distance from the river source and
decreased with increasing altitude; temperature, wind speed, and relative humidity had significant effects on the hydrogen and oxygen
isotopes of precipitation; precipitation and shallow groundwater replenish the river during the non-flood period, the proportions of which
were 46% and 54% , respectively; and during the flood season, the shallow groundwater is replenished by river water and
precipitation, the proportions were 60% and 40% , respectively. These results indicate that there is a good conversion relationship
between “precipitation-river-shallow groundwater” in the study area. The implementation of soil and water conservation measures has
had some influence on the conversion of different water bodies in small watersheds. The results provide a basis for the establishment of
water cycle models for hilly and gully regions of the Loess Plateau.

Key words: isotopes; conversion ratio; d-escess; precipitation; Jiuyuangou

T P V) AR X A T e 1R i m) T B BT H, BEE S Wl B AN R] /K I3k IR b 1) K AR HE
T P s ARSI . AE TR/ HoK KRS 1 R P = AR B AS R RE B A9 R 2 40 1 AE
TR EE, MR RYIE K BT, HoK SCIE FH, FEX AN B AR A g 58 Ao o7 . T A
AEXS BB B IR RO RATI R A A PR R A —————

I, 3 FL B E AR K TR L SRR (U i B o o LB 01 ebsondon ) s % FL 461

S SR ) 5 SEIX T4 SIS T (51779204) 5 B9 4 46K €11 51 5 % 0
BRI | I K K A ) B S, AIF 5 X (2017 CGZI-H].06)
WM E 2% T B E s, FEEMAT: AT (1996 ~), 4, WL, FEHII N

, . R JEUSYIN IK AR5 A K SO T , E-mail ; zhanghehuizi@ qq. com
ﬂ:fﬁ Iﬁuﬁiﬁjﬁﬁfjﬂ \i[ A1 E)tl:ﬁ '{Jﬁiﬂiﬂ( jCI’ﬁE El/‘] * MEVEE ,E-mail; yukunxia@ 126. com



7 39

SR T A B o B A AR /N AN [ R A 4R 07 2R SRR A

3031

SPGB L IR B 2R A A e R K R
KU, B W PR LA B AR TR K T 6 R B A
1 EHCR R b SRR L 2 KOk
BFE ST T R BN 2 AT SR, B 32 R
FARFAMRERFG R, T4 R 5y 1 i
TS M W31 e FROK PR 10 AR AR AE , T
Y467 43T TRV T VT A 32 T o e i R
35 4 4 0 AL 03 36 T 8 AR S 2
R, FERRAE S BRI TR A | Tk
WK R IR 3 R 2 S AT, B A
RELL A XA ST 1 KK MoK | TRIZ LK
PR K HIR A ST, 437 T80 ~ oD i
SARRK IR A B B R, 0L, BB
FHARIEDFFOR AL B0 R 2 B A e 5
LAY T A A .

I 1R 32 2 B AR IR 9 3 B e A A P Tl i ¢
BRI R, S5 RIS T I K IR R 430
ST R—KIEBFTE, B2 02 SRKIEE R 2
IR PR AT, 3804 DA 4 i L A 5
LN SR K SO B 2 00 WL 52, DX s
m%ﬁ%%%ﬁ%i@?%ﬁ@ﬁ%ﬁ%@ﬁﬁﬁ
PR3 A A5 5 0 3 0 PR AN 5
HORIRIK Pk AURURAZE IR 32 3 4L S (B GE A7 B T
ST W 1 R A KRB A, AR

AR BOR VO AL Tl Wi

AR AR %, it SRR WK
Te R JZH R K 45 5 KGR FR AR RE 5, 4331
XIHS"0 | D AW B T B AT WS, b g
) DR - B o i) 25 () A Al 3 4% K R R R 2% 4
2, Wl L VA R A R 57 28 K SO % A B
FUE, DAY B 4 s VA AR X R K 4 B X
(7K BEUETE R A . AR 25 FREAR AP i ek 2
FiE ] K U A B R R RS

1 #MeEFZ%

1.1 ARSI AR

Al Bl 98 A PN R A A B A 1 R, dE
el 9) i 48 5 4 v B B B VA AR X AR — I X, 2
TosE W iE—4r S, 2T E 110°167 ~110°26”,
N 37°32' ~37°38'. kiR 70.7 km®, FIK 18
km, WK 820 ~ 1 180 m. Hukb# + &5, Jyih
BRI B AR e e M g, HAT T 5 X S b 5
fE B S L HEE AR X, FECRRIE R, 14
i) b 7 42 SR A FR 24 56. 6% , Va4 Ml o5 4 T i AR
43. 4% . s N KER 43 3% T R FE 30 ~ 120 mm fY
WA L AR T, B TR K YA 3 VS 3 b

AHLEE, BERKSA DA R TUE . B R
B R TR KRR, 2 AR AR
9.3%C, P AR5 s A B - 27°C Fil 39C,
X H R 2E 0 29°C, H BRI ECH2 615 h, JTCFE M
150 ~ 190 d. #Egit, Z4EF K E N 475.1
mm, FEARAEFRARAA, AENPECHCA IS, TR
7. 8.9 HREKE AEREKE 64.4% , HZ VL5
FEAM B, — R BEW > REEE S FE RN
59.91% VA b B T HIRRTCE W4 — K Lk
SR, RN R BAT, LA/ AR
FRAE. 1953 AERE R K BRI ER S LR, dE
bel i IE P AR IE AT AR A B T AR, BTk
SRR, RTINS K ) SN
BRI, ] 2009 48 5¢ UiH B &3k 75.1%
PEASHE IR R R, A BRI RS 310 b 1L
1997 4, HUAFHE R 3] 72 J ok 2, HEHLEE) P40
JEZS | S 2R R VM S ) 263 8 | 29470577 m’
2200. 777 m] Al 282 o ,| b 1 AR 10
TRA ., HEACHR 205 MORI A T 50 T BN
113. 46, 3@9;45{'516*03.$q451.45 hm ™2,

-

40°

p 4

(a) #t I

100° 105°

N
o Rl

R KR
A SKRAE
i1

(b) 4 BRI

37°36" |-

37°33% 0

1]{JI°23' E
E1 WREMEEERRESRSHRE

Fig. 1 Location of the study area and sampling sites
L2 HEhREE
1.2.1 558
ABEFEEUN TR, A SRk e FE I R] B S

1
110°20°



3032 BN by Bk = 40 &
G R B R R T A el YA I ek R AR 15 /N B B 0, €, -C (5)
% 3% (HOBO U30 NRC USA), #i % ik ® % 0. €, -¢,
5 min- K '. & = C — C (6)
1.2.2 BSR4 0, c ~C

AWFFEKFERE SR AR IR 2017 42 1 ~12 A,
SRAEMIRE SR FEK | K RIZH T K. BEK
FRAESR U R K, K | 2R 7K A2 %
FEFIIA 15 d. T07KCRAFE 5050 A A R Fel 3 3 3 3
], 732 M K CRAE AN W T2 VAT 38 B v R .
RARTAI K K38 2 i 7K KRR B 518 FH T KR BRI %
FESORIEYE 3 W, R T Bij 1k 28 & -8 16 FH 15
AR K FERPR BUREILAR A K T AR 30 em Ak, R
B A 30 mL BRSO, AN A, H parafilm
B OB, AR, O E UK A AR AR
17, HEA RS FALIGR. A R S D4 B
3WEE, RATCEYA.

1.3 HdEabr
SRARMYRIK | K Bk J2 M T /K 1 IR 2
TARAE G B TR R 2o S B ot A, fili A

LGR DLT-100 {&j‘mﬂh%'?ﬁj\*ﬁ&{)f" Eﬂdﬁﬁéﬁé St

anu% fﬁ&‘“ﬁjﬂhﬂl 0. 5% F1 0.15%0 %143
i O e REEAR ) i 4% SR #ij
SRR RE R i %mﬁﬂuﬂﬂw W A0
ﬁnnqjﬁfl SD A8 [R v & i &
mfmﬂww@m (532 %%/Tja 8: 14

R

] ‘Hw
'} 3 = Wgnple
R\ -SMOW

o

- RV SMOW

« 1000%o "(1)

K, R(,m[l Sk AEF D/ZH 8050/ HIHEE; Ry qwow
7 VSMOW #ifE/KEE D/7H 5(°0/ O L3R, SLBotn
FERMZEE LR A |l A7 B bRFE#2c | #4c Fl#5c, 8D
BSOS AU ( —123.7 £0.5) %o ( —16.24 +
0.15)%0; ( =51.6 £0.5)%cF( —7.94 0. 15 ) %o;
(=9.2+0.5)%cM( =2.69 %0. 15 ) %o.

Hor K i gsoe SR R R R InACE 1
(EWF

8 = ZP@/ > P (2)
Ao, & MBCEIIME; P, oK 8, A HAR R
F) R TR o2 3R AL

HAS TR A Pt K PR S S AU R R AR L
A ImCR AR ?EH&WMZIKE’WM:‘;K{},%&. %
Ao S A8 AR R B A O R T oG R
BRI
Q. =0, +0, (3)
Q.- C,=0Q,-C, +Q, +C, (4)
WA(3) . (4)1%'=£UU‘T/AT

£ V- SMOW ( é’ﬁ J
AR R [k 2 R e 2.

K, Q, AWK E; Q, ﬁ/ﬂ%ﬂﬁa?ﬂ@ Q, JkE
K €, EJZHTR KT 8D FIS"0 Rl AL R I {H ;
C, AR 6D RSO R BIME; €, FFEK &
[y 8D F16"0 [ {37 F HI{H.

SR BRI TR FH Excel 520, i &S
Hrel SPSS 21. 0 521k, Fr A7 K 33412 H Origin 2018
SEIL.

2 #RE5it

2.1 RABEKA AR RN ZhS2B1E
2.1.1 KSFEAK 8DV R M IZEfL o~

A R AT IE X 2017 4F 3647 WK ff i 4
5 0N 8D (47— TTLME A 53 HT , S BB
X /K6 O Fl 8D -+ Ltk K R, Iﬁ%ﬁﬁr
8D =6. 708‘80+0 96" (R’ £0.94, P <0. 01) S
GBI PR A %mé&%tﬂ [y 42 BR K AR Ak 8D
=8.17 8"0/ 10757 ), Hia s 14]%;5&1%%@1#(
SRk oD = 7. 95180+8 2 (R*=0.98), L%
“ﬁ#mﬂ$CMPﬁﬁ@4MEimﬁﬁm%m
97 8D £7. 060 +0.36. (K> =0.92), 441 I

40+ = ik
— - RE KSR

20 b - - = EERKAURKE

- R R R

o | —— EREKTHEAR

=20

aD/ %o

-40 |
-60 |

=80

LMWL: 4D = 6.698 56'%0 + 0.964 5

-100 - vy R*=0.94,n=117, P<0.01

—120 L4 1 I ] L
=15 =10 -5 0 5 10
3'%0/%a
B2 ERIIAARXEERSEKERELRE

Fig. 2 Comparison of precipitation line in Jiuyuangou research

area, the Loess Plateau, China and the global

P 1 559 B P ) 0 L DX A A 3 B 22 Sk
8"05 8D TE4% SRy b B R AR R AL R, B A
N B SR RS R 2R LMWL, #HRFR 4 5E R &R
8D FIS"OZ M /IR AL R, BIEFIR D (HAHXS
SRR AS I Y B AR L AR R B I X A KR



7 39

SR T A B o B A AR /N AN [ R A 4R 07 2R SRR A

3033

WKL AR RRIE I T 25k, 42, JFH 58 E
B BRI R K R AR, X E R TR
1 A T 7K W ) 7K 34 A 5 L B A o
SRR R AR R T — Rk 3
FIMBAAE T 2 B MG B, 7505 5135 H 17 2
[N ACIE S € WINPT E EoF
165, TR 3 SR SRl 2 DA 0 BT X
PR K R 3 227 T 5 .

P 2017 47845 iy 38 5 70 T 52 1K R 45 9 ek
SRR S (R 2 X 14 PR e K [ 37 22 o ) 2
L B ATHRGE. W 3 BTk, ik LR, 6D A
8501 F B (6 ~ 9 H) BRE, 45 K
( =30.57 £6.26) %oH1( —5.34 +1.02) %o; JETIY
(10 ~ WAE 5 J1) (AR, 43318 ( - 60.44 =
4.08) %o ( —8.88 +0.75) %o W8 AL 45 5. H 8D
S0 AT 7 25 14k 75 Pl ol 8 o —
ERIRIXS SR, XU B 7EK IR R 4 Tl
A5l T P BRI K L B X K ST A
8D IS MEAEFE = 100. 6% ~24. 16%0, 8" DRI Ak,
30 P — 14. 28%0 ~ 4. 97%0, % 13 A7) A
IR B A A (e R e 3h , oD RISVORIAE B2 M
JEFY - 1. 32°%/<0. 07 il - 1. 38~ 20,10, KHH
U TR, T Aot T S TRk A ok
R R g R 1 G A R UMK K

PRI R 2K U B XU i KR K

P K 1€ L BB AL Vv R B e T
S KRR AL 53 5 AR T U5 Bl A [ 4 R
YK, A ER T IR TR R [ 9 A B

60

40 F (a) 5D
20 + a
0+ A 3 A
Fy 'y
-20 F A A Ak A Ay A
£ ' I
z or * 4 “ A A
= 60 b A A
60 : :
=80 | A A
4 a4 A A
~100 A 4 A
=120
- 140
10
<L . (b} 8'%0
Y [ ]
g 0F ] b
= 5®% e
S Sk ew W e
= L] L]
= 0 b e % ®
] ° .y .
-15 F L] - L4
_2'] | 1 L
& & & & & & & & & & & &8
a4 &4 2 0 g = % P T = A =
H(H-H)

B3 2017 FERAGAREFENKRSFEKELRZLTE
Fig. 3 Variation of precipitation isotopes in the

Jiuyuangou research area in 2017

HP K s Ml R J, BEAEL T
3 S - COUS T IR 6 1 A 1 P LAV 3 @
246 B 1 o IR 725 L 2R -7 25 KK 3430 T 1 7
ST S B FY S 2R 1 B A, T T R R
TR DY) 23 0 ) 525 b X B O 2 KUK 9
5 @1 VA TP 2 47 9 47 % KUK 5
SO0V, 16 DA R 2 R [ AR TR
b A2 J52 7K VL 6 i R PR K KB A, S
Vo EV I A A K i [ BN SR 458 H 5 4% 2 T K0
o P N R M K 25 S R (R M 2 % 19 s O
IR AN T, BTN 45 0 W K s 4 I ot
FAR 2R, Joe 2 3 B M 4F 1A B K T 3 3¢ 7
RV TR TR,
21,2 KA 3 20

T+ AR X, WK R ) 37 2 S fl
MIF 5 B K ) R A 400 B o D A, ELS "0
5 2SI A (R . RS R Ko 0. 4
SREERNFR, P (2) X 20174 85 BT 5
I Yk S K S SO AT, L e R - 43358
EIH96" OB BT RIECF19( 5 P B 0R(T) |
WK (PY (IRCEE (W) AR X I (RH) O Xt )
ST, ARG TS R 4 LR, . ©

e Ak R B9t IX ok UK ™o
SRS R (WS) | HINREE (RH) 451
G TR AE RIS, HARSE V3 i T
0.01 BA5KT L iy BEHER T, B, KSR
(1160 5 P4 Sl 2 W IE ARG, 5 KU 22 3 O
IS, SRR 5L S S 36, BT 5% X A7
S MR B AT | KB ASCE L T3 B A SR
B3 A RRALI, 805 1S L AR X
ZI AR, MR 2, % 3R W5 IX ek
SUOZ T | A A X B ey A S o
B B S5 PR TIF 5 X M A 8 5, B 2 S
SO B N K B U, I 7K 8O L i %5 AR
L BT AU 5 A 2 2 o 2 8 i
T, BB THE 2 T 0 R R T ek
SUOMHE K W, AT HE A A S TR B,
IR T 7K ] 2 5 (O i DK YR 6 2 584
PR, WO KT R K SO R sY0 5
WK 2 [ T 0. 05 B (57 1 B MR 5
(LR P2 2 TR S PRI, R B3 R R
X BT 50 %, B9 X KMk s "0 BT
SRR RN T B TR K B A R R
TR —E MR RINE, (MK I, 76 i A0
KGR %, WK T R 2R BT, B e K R B
HEAT, WRTET I R R AW 2 (A



3034 2D 53

B 40 %

TEASBIEFE LI S 18] IR 2 0 G A 5 JBE A e 1 A
. T EAKREM RS T —4F, ISR AA —
SERRERYE, SURFIIN N R BETE 45 2R, 4 )5 ik
T ML, LAEE— 22T

LRAHIE L LA TR IN T X ST X R RE K
SUORLM, A5 VR (7). BEAKE (P) . K

(WS) FHIXHEE (RH) &L W T 58 0 £ Tt
B2 E

R NZICERNEIARJT 220 Mk, M8t
F=7.855HF, P=0.000 <0.01, 1WA = )5 Feid it
TERE (F K% , RIS 2 o0 BEBRLE
CEMES -8

10 10
S 8%0=046T- 14.44 . s m 6'%0=-0.17P- 4.81
R =0.56, n =46, P <0.01 T . ITmeee.__ R=012,n=47,P<001
0+ 0k [ ] : B
X
g =5+ % =5+
% £
= 10 - = -10 |
-15 =15
-7 — flaihs It S
=20 - - = 05%R{uHy =20 T=—a
-25 1 1 Il 1 1 =25 1 1 I Il I 1 1 L
0 5 10 15 20 25 30 =5 0 5 0 15 20 25 30 35 40
i fig°C i 4 it /mm
10 10 -
RE §'%0 =-0.24RH + 12.70 %0 =8.59WS - 9.42 -7
sl e Tee L R2=10.54,n=48, P <0.01 sl R¥=045n=47,P<001_.-~
0 0
2 F °r
7 5| *eea
-0 F -0 e ® .-
% e B e
=15 F -5 o7
=20 | -20 |
_25 L L 1 1 1 1 1 1 1 1 1 —25 1 1 1 1 1 1 1 L L
40 45 50 55 60 65 70 75 80 85 90 95 100 =02 0 02 04 06 08 1.0 12 14 16 18
AR HE% Pk /m-s™!
B4 ERAHRRASEKCOSESKEFXER
Fig. 4 Relationship between precipitation 8'%0 and meteorological factors in the Jiuyuangou research area
®1 AESW
Table 1 ~ Analysis of variance
S| SFJ5 A FIEZ by F P
EVE] 16 142. 134 4. 000 4035.533 7.855 0. 000
k2% 19 009. 872 37. 000 513.780 — —
Bt 35152. 006 41. 000 — —

M 2 Al R Z2 e A Bl 2 B 2% 78 6 ]
FARBAETHE  FaifEiR2s | IR ED K P EEE.

TERFMKF0.05 MTFIE T, 251 HZZ B X80/
CARE & SR

®2 HDRARBEEEERE

Table 2 Regression coefficients and test of significance

EY 14 B HE PrifER 2 t P
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T 1.759 0. 656 2. 681 0.011
RH -0.133 0. 057 -2.34 0. 035
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