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Temporal and -Spatial Dlstmbutlon Characteristics and Spurce Analy51s of Nltrate in

o]

Surface Water of Wuding River B/Slfl 4 '/ €ly &
XU Qirfeng, XIA- Yun LI Shu-jian, WANG Wan- zhﬂﬂ i F e : =
(College of Natural Re%ourr’e@ and Environment, Northwest A&F Uan(-“ISll\ Yanbhng 712100, China) f i 7 ' )

Abstract; The Wuding Rner Babm is a first-class tribtary; of Lhe Yellow River, and the quality of its wateg ecologmal environment has a profound impact on the ecologl( al
protegtion and “high*quality ev elopment of the Yellow River Basin. (In order to identify the source of nitrate"pollution in the Wuding River Basin, surface water samples of the
Wuding River were collected from2019 1o 2021, and the temporal and*spatial dlstnhuffon characteristics and influencing factors of nitrate concentration in surface water in the
basin were explored. ‘Nitrogen and oxygen isotope tracer tec hnology and the erSTAR model were used to qualitatively and quantitatively determine the sources of surface water
nitrate and, fHeir contribution rates. The results showed that there were significant spatial and temporal differences in nitrate concentrations in the Wuding River Basin. In terms
of time, the mean concentration of NO, -N in surface water in the wet season was higher than that in the flat-water period; spatially, the mean concentration of NO; -N in the
downstream surface water was higher than that in the upstream. The spatial and temporal differences in surface water nitrate concentrations were mainly affected by rainfall
runoff, soil types, and land use types. The main sources of nitrates in the surface water of the Wuding River Basin during the wet season were domestic sewage, manure,
chemical fertilizers, and soil organic nitrogen, whose contribution rates were 43.3%, 27. 6%, and 22. 1%, respectively, and the contribution rate of precipitation was only
7.0%. There were differences in the contribution rate of nitrate pollution sources in surface water of different river sections. The contribution rate of soil nitrogen in the
upstream was significantly higher than that in the downstream, which was 26. 5%. The contribution rate of domestic sewage and manure in the downstream was significantly
higher than that in the upstream, which was 48.9%. To provide a basis for the analysis of nitrate sources and pollution control in Wuding River and even rivers in arid and
semi-arid regions.

Key words: Wuding River Basin; nitrate; source; Bayesian mixture model; nitrogen and oxygen isotopes

T SR ) Jo 0 R B 226 1) 32 B , Dy it DIEBFSE D, 2005 e 1 A R £6 75 G
N EIZ PRI £ % AR AL Tl AT i St sk R A SeT T2 0 i | KSR bR 0 ikt AR e T
ASALTSBR IROKIREE I I L OB b EEOREREE T SRR MOK BUis AR S A R
RIS R A SR A P S 2 TR Jy R Ays VS & RE A S M UM G i 5 e A
SR TR R s U1 PCIE PR A RO S CR, f  R
RRRWEBA R KRRk et BOBUR STk RE XY R AL T e TR AT AN
2 B R A Fa AR A T A A iﬁrﬂ?iﬁl]/\*% &l ”J.%?Wﬁ,%li‘ﬁﬁ{lﬁh SR o R T

AN SR B B KBS T R R K A
A : S S Wrim B HA: 2022-07-31; fEITHHS: 2022-09-06
FRAL TS PR IR S AR RO Al rd Rt S K H 5 ELETE . [H5 ARSI H (42002265 ,42071043 )
AT RFSE A L B G R S A B K B4 HLAG B0 A fRE® AT thali(1997 - ) 55 B BFIE L , E 2G5 10 4 ik

RGN PS5 G , E-mail ; 2020055663@ nwafu. edu. cn
= X * JEAEVEZE, E-mail lizhibox@ nwafu. edu. cn



6 TRArIEAE ;. JoE A A KA

P e P B I 25

S AR BOR IR 3175

B, HoE e it R A S il R iR RS AR P
A= Yy kAR . B R R XU E R 2 (8°N-NO; #il
8"0-NO; ) HAR M B FE iR T L3k RIME Bl vz i
TAEERER V5 YL R YR [ B A 1% 5 K SR B (M&S) | il
DEM(NF) | #AFM(AF) . £HEA(SN) FIFEK
(AP) VMBS AN Zhao S5l B A EURLIE (37 2
FEARHAE T Uin] ik e AR PRk B R UE T AR
15K AR . JEHUAE A+ 385, Bratek 251" 55 A
AN R E T Rhone 10 T WEK AR B A R R U5 32
B AN I S A 6 15 7K B AR, K R AR 3
5RIRIZE A REAS B H F/K T RS PR 4515 YL IR 1) BT
BT R, CA LR TS YLV B AR R T &
W, 335 IsoSource . SIAR Fll MixSIAR £[1,9,18,19]
Horfr MixSIAR #8925 18 7 JAE , 7 BRI 2 i
(KL, 2 SRR RN | e s (s B A
SEME Al T DL TR A R A B R SR 0
A TONER. LAk, B ER WU R R 'ﬁ7k’fk%%—%
mﬁ%ﬁmm%Aﬁm%ﬁ%?EM@%ﬂ'w
IKATE R £ (475 Y > -
%Eﬂmﬁﬂﬂﬁimhfﬁimﬁﬁﬁgw
S K gk B 0 b IR
aﬂ%in&@%ﬁn&mumﬁw%ﬁyimﬁ
mﬁmmmo>mﬁfiﬁtﬁﬁmmw$ﬁ
WL iﬁkiﬂﬂOH 7.5 mgfL i

231 o %) ¢Eﬁﬁx5/¢omﬁ&ﬂ;@taa@gﬁumagy
KRR e ﬂﬁﬁﬁﬂ%mm&ﬂﬂmﬁgx

ﬁw%ﬁm%mmﬁﬁﬁxﬁﬁwxiﬁaﬁmn
TR FE XS G, RAEZ A B WK EE S 25518

%m%”@ﬂﬁ%ﬁ%«&%mWﬁMﬁWFMM
23 SR RIE S H S PR 2R IR A B MixSIAR A5 R %)

ST R
1 HRSFE®

1.1 B8 XA
JCE R (108°27'39” ~ 110°34'22"E, 37°02'31" ~

38°55'52"N) & I8 T B v 4 w530 B (1 F i de g
T4 491 km, FILE AL 3.0 x 10* km® [ & 1
(a) ]. FoE i iUE F T 52k T 2 =R, il
RIPECR SRR, AR EE 9. 5°C, ToAg 1 194

AU AR K R 409. 1 mmY il AZ IR
RIS, 2 (6 ~9 H) KR S ESFEN
74% " B2 NEEW K IR M. TG I 2 AR
PR 1.5 x10° m* | 8 4 bR A AR X AR i AF
W EAEAE 22 57, R BRI A H4ER A 50%, 4
B & 9% , BERKAR TARXT T ; %@%’Jﬁu
B 3.2 x 10° 1 m%M%»*%#%ﬁm
959% ' %zaﬂ?mﬂﬁ?ﬁﬁ [ 8R4 A Tfﬁﬁuf
IR W M{Hﬁiﬁﬂiﬁioﬁfﬂ K 291
km B'Z/mﬁﬁag 7J(§’$ AU {” i%@@iﬁﬁ
Eﬂm@rﬂﬁ? 3 269 kim, iolbﬁ@ﬂiﬁ% A
NSk, Iﬂiz,ikﬂiﬁ ﬁfﬁﬁ/&%}i T574 ~ 1 83
ZIH], iﬂz?}ﬁ LR T N 1 8% Eﬁﬁi
cﬂ%TMZW3ﬁ£ﬂ%ﬁacﬁm%ﬁu S0

EBLIEF S S Lol IS

‘jﬂiﬂﬁﬁj;ﬁ@?%ﬂl: @Tﬁiﬁﬁ{—fﬁ%ﬂaﬂ: =
"%ZE(T?{JIL*H%%S’Z/HLE’JZ{/}?ﬂﬂ WP AL A T

- P JRURIE B R RO B BRI
MR FH TR T B AR, R, K,
S0P AT AP M PR R B 2015 45 6
Landsat-8 & BB 1% PR FE 1, 4990 4 30 m x 30
). P20 LA B &, K

FORMEBEAT 1AL, DU R T i it ek i R ety BRSO/ ST S A M 22 T e A T
108 109° 110° E
N T T TR /m

(b)

39° |-

-]83?

0 100 km N

37

N
A

© 2019 @ 20214  — JEEW
© 20204 = A FL © St

m HH D R e REURH
B D okE O KRR

FEE TR/ mm
Il <350 I 380-400 mmE >450
B3 350-380 B3 400-450

1 HARRPRAMRFESSTHTRE

Fig. 1 Overview of the study area and schematic diagram of the distribution of sampling sites



3176 ®

- b PR LUK R Ry = SRR R b 22 0 A e K
JR = Y IX k.
1.2 FEERES ST

ARWFFE ST HIAE 2019 4F 8 JT (F7KI) | 2020 4
10 H (CF7K3) F12021 4F 8 H (FAKW) 47T 3 Ik
HPANSRAE T AR, 44 I 300 7K R AR i B0 43 51k
21, 24 F132 A4~ HRER] 77 AKEES , SRAEE S AL
BN 1 (a) P,

JITAT SR FE 5. 38 GPS 28 o7, 16 T 18 A7 Bt 7K
WAL RAEKE LT 25 0.5 m &3 7K 500 mL. 7K
FEZRE0.22 pm MYUE B B8 5 2 A 250 mL R &
S TICE AR 4°C DRIRAR T DR AR, S [ 52 55
EHEAT TS24y Bl . NO; SR R 36 4 A AY
(AA3, Seal, T [& ) W %, & W & FR 24 0.003
mg- L™ EIRZEM T 0. 1% ; FEF(Cl7 )R
%%@‘E&ﬁ(( ICS-1100, Thermo Fisher Scientific, 3&
L) 05, A R R 1 mge L7 WRE RS BE R T
99% . A FE S AT R AT A LJ/UM‘(B“J
i AR AR 2 ‘

H T 5T X A B LR AT %*ﬂ?*_d

F“ﬂ?ﬁr“ = uﬁaﬁ%ﬁﬁifmmkﬁﬂnﬁqﬂ

AR $7J<%Hﬂﬁtiﬂﬂﬁﬁﬁﬂﬁ NERRT: I Ilﬂ:
FL%LH&?E’J{W’FIEﬁ %%¢T$7kﬁﬂﬁéﬁﬁih e
= UL e Ol ﬁJ&Eﬁ?ﬂMﬁ%ﬁ e i

1 ﬁgg’ih

it 005 e A SRR R AN

TJM&%“WIm,ﬁﬁfﬁﬂliﬂkﬂ%mﬁmﬂu/‘%
%gj\ﬁﬁﬁﬁﬂﬂﬁﬁ% AL (IRMS, Isoprime , Z [E] )
S0 K B3 R+ 0. 5%, 7K AR K (8"0-
H,0) FE PG A0 AR ARBR B 2 8 U5 R 15 2 B 52 X K A
LG 2= R K R 2 AT (IWA-45PE, LGR, 32
FE) I I EAS FE N 0. 03% . IR Eh PR &L, &Rl 7
FAUK R R AR FE A 8 sk gem™ | A
KU,

Rﬁfuﬁ% — Rﬁ‘/ﬁﬁ

5(%o) = x 1 000 (1)

Rﬁ??ﬁ

K, 8 73BN RR L 6PN 6”0 FuKkh 605 R
W WA, Ry, B Ry 530K TR 130 2 RS
RLZR UAE, BIVRE & AR E Y 6°N/6" N 5 80/8"0 ;
N RS R R E R P B N, AR R S
REAR M R 4 b, 40 B 78 SF £ 3 7K ( vienna standard
mean oceanic water, V-SMOW ).
1.3 DI A B (MixSIAR)

DU iR S AR ] T4k A SRk P il R £h
T LI TTIR A X 7E [ N AMIEFE h A )12 L
FHEST . ASBF A B MixSTAR AR 8 Xk JG 2 ] 3 ol 2
KA R 15 Y IR K STRR R HEAT AL, MixSIAR L7

B 44 %
B Sy W1l N

= ZPk(Sjk +cy) + & (2)

S/k ~ N(:U’jk’ wﬁk) <3>

e~ Ny, 73) (4)

g; ~ N(O, 0'?) (5)

A, X, RIRG iaﬁjﬁf‘z%ﬂﬁ(a'w F16"0) (i =

1,2, N3 j=1,2,--,]); S, BIE k1 j RN R{E

(k=1,2,-,K) 'ﬁﬂj{ﬁuﬁnﬁé w,, R IE A

P, i MixSIAR #EEIHEL k& IR TTRR s ¢, h b JRRY
J IR R 7 AR R ¢, =0, A, R F3
{H; T N 255 e, HEREIRZE.

TE‘%’“F”%J/O%JT:EP 15 G Y AR AL R Ry
TEAELYVE ] =2 22 5 2 T8 ) % ) 300 97 38 1) 35 G /)?{ll%l
L, DABRAIETS G I e S TR 2 35 ?HE{E[%IEI’J
— B, N TR 1R R VR 1 ”%Tl_lu?’f%l‘{aﬁlﬁu

w1PoR. )
F1 | &EREMSN-NO; F15%0-NO; *EE .
Table 1 The 515N -NO§” range and'$'*0-NO;™ range of edch.buureﬁ

B3IV SUN-NQ,; /%p 8"80-NO5 /%o 3Eik
E‘ZE’.“ZWU@'&%E T4~ 23 -10 ~15 [3,36,39 .~
AR /. ~6~6 17~25 7 ~=f18736]
geas A -10 %5 ~10~15 «[18,36,39]
A ¢ | 0-8 ~10~15 [18,397
[k S -13~13 27 ~78 [18,36]

1.4 W5k

T IERH Excel 2016 X A [ s 1 b 2 /K 1) At i
LR B R VEAT R AL AL BRFN R A3 HT . SRS,
Kruskal-Wallis 46 56 320" % 41 26 7K 7K B 5 ¥ ik 47 2%
SEESHT (P <0.05) , LATR STAT 3 A () W 0 0 T A
FRER VR FE R 25 22 5. SR FH R 1B 5 F2 /7 ( MixSIAR
3.6.3) ki b 5 R IR 15 Y IR X K AiS ER AR 1Y 5T
kR AHF5E R A AreGIS 10. 5 A1 Origin 2021 54k
AT B Fe i

2 HBREHMW

2.1 HUFRIKAS IR ER 0I5 43 A FEAE

22 JEIR T ANIR) B A TG o Tl g e A Rk B
RAFNIREAZETIRIE. 7T LAF 11,2019 4E 8 H |
2020 4 10 H A1 2021 4F 8 H JCE 0] Ui 3k b & 7K
p(NO;-N)JEREI /330 1.3 ~4.6,0~3.3 F10.2 ~
6.2 mg-L™", p(NO; -N) BME 430 (2.7 £1.2) .
(0.6 £0.7)F1(2.6 £1.8) mg-L~". 2019 48 H
2021 4 8 H JG i Tl It Yok M 2 7K i FiR b v FiE ¥4 4
F—E ERMEAREE (n =53, P<0.05), KWL
R VAT Sl b R A Y 1R R B A R S BN IR S



6 1 PRAPI A ¢ 0 1T IR b /K R I RO 258 53 R I R U B 3177
LRREX P IE IE 00T, R AR M SRR R PV IOR B ERRIERRA (2 mg- 17" M1 PRI

FERRE. SF KM R K i S Ak A B e TR
KW (n =77, P <0.05) ,2) 55% ML SRS S AR
R T IR E R IAEE s bR ifE ) (GB3838-2002)

FE AR KA 4% AOFE S NS BRI T
P E R K A B T R AR ) (GB3838-2002) H V
FARK AR ERR ).

x2 AREMHTRAMESHMEMLEAKR"
Table 2 Statistics of river water quality parameters in different periods
Hi(4E-H) WA NO; -N cl- 8"N-NO; 8'%0-NO; 8'%0-H,0
SN 4.6 297. 1 11 13.7 -6.4
/M 1.3 12 8.9 7.9 -11.0
2019-08 S 2.7 79.7 9.7 10.3 -7.8
bif 22 1.2 60 0.9 2.2 1.0
5 7 AN 43.2 75.3 9.1 20.9 -12.5
BKRME 3.3 1329.9 — — 0.3
He/ME 0.0 7.5 — — ~9.9
2020-10 FIE 0.6 283.5 — — -7.3
FrifE2 0.7 383.5 — — 2.3
AR ZA 117.4 135.3 — — 30.9
PN 6.2 3034.6 11.4 157 23
/M 0.2 18.6 0 . L0 o0
2021-08 ¥ {E 2.6 264. 4 7.3 5.1 o
i 1.8 jad 612 3.1 ‘ 45 S 2 oy
A5 R 67.8 231.5 5014 ] 88.7 gﬁf-f; |
1)NO; -NAl Cl"?ZUE*{‘ﬂ@ﬁ%ng-L"- 8"N-NO 5180 NG %us‘so H,0 B0 H %o E%%z&%u?@% LSRR |
." § a3 3
B2 BT A AT o =
A L o B K N, /ﬂf/m%i% A . TN
PINO3 -N)/mg-L"!

fA&MLW@W@%T&ﬁﬂmﬂﬁté Tﬂﬂj‘ﬁ;ﬁﬁaﬂ?
i"/ZU“i’JaszutHﬁ%E’J lﬂiﬁ(%kﬁﬂ =53,
P<QO ,M?mﬂ;ﬁ n =24, P <0. 05) $7J<ﬂ;ﬁtﬁ

moﬁmpmo NOHEFS 5% 0.2~ 6.2 gm,f

F10.3 453 mg L™ EIE5 30 (1.8 £1.5)
mg LVRI(3.2 £1.3) mg-L~"; SEoKH) AT i
[ p(NO; -N) 435 0 ~3.3 mg-L ™' F10.2 ~
1.2 mg-L™", Wk B39 06 57 514 (0.5 +0.8)
mg-L ™" F1(0.7 £0.3) mg-L~". FE 7K B F1F 7K 1 H
FOK T ISR ER M BE A E Y W & = T Bl (n =77,
P <0.05). AR A BT p (NO; -N) HAfF e K
(W8 RAES 6.2 mg-L™") {5l 4345 K i AL b
HASEERI RIS o8 KR E, KAk
RN A HURZE PR T 2 AT S B0 7K
A A R 2R T .
2.2 fEERER AR AIR 2 A RRAE

3 Sk TG T 3 B 26 7K §'N-NO; i F18"0-
NO, {H 2 [0] 40 A5 B AE. 1T LAt J6 22 Tl 4k b
T K Y8 N-NO; {H F16"0-NO, {H 3 [l 43 31 Ky
0 ~11. 4%0H1 0. 5%0 ~ 15. T%o , IE 53 B & 7. 3%0 I
5. 1%0; FiHIZRK B N-NO; {H F18"0-NO; H I
FEl 533N 8. 9%0 ~ 11. 0%0 1 7. 9%0 ~ 13. T%o , IH 43
HE 9. 7% FN1 10. 3%o. ASRIATEESN-NO, {H F15"°0-
NO; B B E %8 (B 22 5 (8"N-NO; fH, n

o <]

B2 MRAESERENSGTE
Fig. 2 Schematic diagram of the mass concentration distribution

of nitrate nitrogen in surface water

=11, P <0.05; 8"0-NO; ff, n=11, P <0.05).
SR T R ) A 2 K 8 PN-NO S E B M
TR R WA I v ) A 3 B T R Tl S 3R
TKAE R L B3 A A B AN+ 3984 MILJST DTk A 3238
AR Jp g K AR A Bk, 8°N-NO; fe/IMENL T T1
(0%0) , FBCEX PG AN S5 K AT BE = A T1 A A
57T 0 E AT it R b DX 3k, 32 A 1 TS K G R T R
AN SZAR2E RE R S R K. 86°0-NO, i %5 [H] 42 &
R, T1 R WL f56"0-NO, (H488E , il fE~Z 2 il



3178 7D 53

oo 44 %

BAN KB, EFIY T3 ~ Te Bi8"N-NO;
{EANS"0-NO; {H 52 B AH ) B A8 A A, 0 T O U
] R T g, R B IR £h 15 Yok IR H—.

[ §5N-NOs
[ 6"™0-NOs~

>

& i

E3 WMEBHasRaERENTEEL ¢
Fig. 3 Spatial variation in nitrate niffogen and ;~
oxygenisotope concentrations |
— / / / iy &

3 M8 1/
| W /(S

3.1 | W g R
G O B K 0 PR R A B 2

é‘ 2 b ! ::E‘ ¥ ?:/ /; B . ,.-"l 5
St PRI | P ARERAE QWY I LIOFUIY 20 by e U 0 e S AT AT S BT

SKed) s el 15316 5547 e, T 1 1 S
% AL ) 6 5 2 Vb B IR0 A, R 43 T
BT X2 SRRE A A P B T B TR AR X
TR Y X - 08 R M 249 % | )22 AT A B TR
JE . SRHBEEAS | GBI . 5 I . 5 K hl A
R 265 5 T T R A R 7K SR A e K
M, 249 5 AR S 74% ) B I K 7 2 1 e
ST bR BE BT R R 9 E 3R, L
b TE B L T R A R R AR 1
WA, AR U G I T e R AR
YRBIPE 4 55 VAR S, T 5 IR U A EUNE T B 20 h
17.5 kg- (hm®-a) =, ¥ 46 + 19 4 & & G o
0.54 ~1.74 g-kg™". PRI, F=7K HARE 7K o il £ 48
HE R M F ARV I R 2 AT, S Bk
ST KRR ER AT HL T A K0 T S B A LATE R ST
W, 6 R R K v R A A R
959 ) | B IR K T -k i A (G T 99T K Y e
Y HEL) SR AT O 2 TR TR K Y R e B R 1T e
A R TR FE 55 T H0 5 R 7K 3 SR . 45 1
B A 10 5 b L e 2 A o ) B K R T
A A S R 75 4 2 R,

2 A b T T S A v R
1 T B T R X R e T
BRI M S WD HE A , WA Tt B AR 0 o i 3 2
P A R e A A SR Y5k A
(R T AR, i 0 SR 901 5 0 A, i
v P . 2 K v RO R A
TR TC S WISk (W1 BT W8) AR T i
(W33 F1W42). W1 AT I m T sk, 22 5K
UMD A PP N TR BB, IEHC R ) 1 3
FIFIZA LB 3 [ 1 (b) ], 2 7 3 g %
4 AR SRUBE, R T T U S A 5
FEFIREN T I IRV FE 5 FL UGSk A T
FART FUEL 1 () ) AR AR R, 2t — ) T
TEAE T e T KR R 46 07155 W8 SR P £ 62 F 44 b
O JEAE TR 11 Ak, MR 9 152 4341 TR B
HBCHOAE I3 TR ) PR 99 2 0, - DX b
o AR EBE N AL FE . SR Tk
LT il B O R 2k e okl i e
AR SR T s 4 1y s AT
BT MRS R R v . e 0 el
Tk P 5 e B A V5 /K B A Tl ek
%MM&FY\ﬁﬁﬁﬁ&%ﬂ%%meﬁ?ﬁ
BTSRRI A 0 T 31 , R DX g 3
V5K | R P R R R | T Al R T

KRR ER MR BE 1 . I FLF 3t DX 3 A o o A
TR PR A T LRI B 1 (e) ], A
R KT, NmmE TR KPP ARENE
%[44].
3.2 GERRER R T o B

Cl 1Y) WHAfb A L E A EE, A%
ZEVEE AR R s, R R S
K JEIR A B A 2 & A AR Rk, n(NOy ) |
n(NO; ) /n(Cl )l n(Cl™) ZEM LR ZHT
AW Sk b Ay 18 k(0 TR A ok R o A o R
n(NO; )/n(Cl7 ), n(Cl ), W NO; £Eh
AAHBNTTER; n(NO; ) /n(CL) K, n(CL7 ), M
T NO, FEZZATEIG K BN ; n(NO; )
5 n(Cl7) 5K, 20 NO; FEORIFET HHEA.

Kl 4 n(NO; )5 n(Cl7) Z a5 A
n(NO; )/n(Cl™ )5 n(Cl™) Z AR ER. AR B
TCRE LIS PR AR 28 [H) 22 55 FEK T, Jo e i
Tk 1 Ui KBS E B A AE 0 (C17) IR,
n(NO; ) PALL n(NO; )/n(Cl7) mifg X3, R W% IS
309 b 3T KR R R B VR A AR b T R TS G



6 TRAT IS . T ] I 2 K i R

R E BRI S 3 A AR SR DR B 3179

el AR Rt | AT A 1 T K HE R A K 4= 58 L
R WA T K B AR A WL A W2) A3 AT TE
n(Cl7 ) n(NOy ) /n(CL7) R X B, W1 F0
W2 A T J0 T Y I Sk, 32 B e 20 78 R AE Y
M, n(Cl™) 435 A 85.6 mmol-L~" F1 57.0
mmol - L. ™", BRI 20 A X 38 5 HoAth =F AR I 545 Fr 22
SeAHEE T B, TUEHL R KA o (CL7 ) B,
n(NO; ) Fl n(NO; ) /n(CL™ ) B, WA R IFml K ke
SR BRI AE AR M TR S Y A e Aib L 5 PR TS e
A7 ECIE T, a0 T b R K LRI AR T K. K
99 TG 5 YT e de 37 AN T U AR AR A A DX kg S —
B, PR ER TS YLk i A (A 22 S AN I, HLAE oA
RN, 2 BT 7K 4 T e Tl b 2% 7K 32 21 Al 1T R
RSB A: T 5 7K A5 s IR TR G A Y A 5

“F @ Wk L
i ® KN F

- A ERW L
L v ERM R

EE .Iz’ o0 %0 , =&
o %.” ' |
&Sy Ar‘ A

i S
i | "‘h' =

#(NO; Ymmol-L™
=
T

0.001 MR |

0.1 1 10 100
10

#(NO;™Vn(CI7)
=]
i
L]
%
L ]

_ ax
0001 3 Ag N, v®® .
C A u
L ] -
0.001 L sl r1 ol L1 1111
0.1 I 10 100
A(Clymmal-L™!

El4 NO; 70 Cl- BRKEMNER

Fig. 4 Relationship between NO; and Cl~ molar concentration

HE— 2 i Bl AR 1 kR SE LRI a7 2 PR R K 30
JCE T ekt R K AR R ER K IR (P 5 ) . JC 7 il L i
FE R AR IR AR R R AE A B, AR TS
IKHZEAL | -5 R L R AR RE X, 2 L 3 T 7K A
PRER e JEE 2 BB RIAC AT A 5 75 7K LAY TR Y
LRI M. Fo JESK 0 T 23 A0 A8 B A U8 R 2
FUAE P ] D8, 32 B AL R P2 M R T3 R Ao
TACHEFN LA WL DX AR T T1 A
8"N-NO; fH AR, TTAESZ ) -3 A HLA A5 K FE

(b) ..,-"f

ARSI 5 AR s 3 B0 1 5 KRN 8 DX,
R R B LA TG 57K o . BARTE , JoE i L iy
BT WAL AR K AR AR ER e B2 14 DRI TR A
17775 7K RV X6 J0T 7K i 7 56 Tk ) 5 Wik 7 -
T ] A A 2 0 A A A T 15 7K B AR DX
IO W] N Ui KA IR R T oA IR T 2 3
AT K B T Ak IR K.

50

® Lk
40+ [ 7k A i
30+
2 [ = '
“ 20k l ﬁ'ﬁ.‘i‘ﬁz{ﬁﬂ \’.‘-‘ > \
] N o 1 W
z AR ’\‘L\'\
o 1of R ) i
© ! T V23 g4
OF--| L3 x
=10 AR R e jifiE K R e
_20 1 1 1 1 1 1 1 1
-10 -5 0 5 10 15 2 25 30

G N-NO3 /%0
y = 1 o -
B5 BARHBRRARRGESEE | - 4
Fig,'5, : Characteristic valties lof nitrogen and oxygend,

o ' . Fd
¥ Jisotopes of n}lrate_'.-m the study area

3.3 THARALHDIERSALAL y

T AR i A 22 8] 14 [ 45 38 4198 45 B A58 N -
NO; F18"0-NO;™ 1y S AR il FAE | 5 B0 iR 4k
RUA R ZAE UM A R £ 1 ok i ad A o 0 & 2%
— AR, FERS AR B 2R NOS YRR T
— KA TFREFH 0,, 43k A FEHEKH A
JEFARIE R0, 19 80 (23, 5%0) DL M R4k
JKEERY 80 fHTEE (- 11. 0%0 ~ 2. 8%0) , TG 5E W I
WUk A EARVE I A96"0-NO, {EYEHE N 0.5 ~9. 7%o.
TER S BT T1, T8 Fl T10 4b, B A /K BE A 8'0-
NO, {E#7E PSS L AY6"0-NO, HILFE PN, FWIHF
% DX AFAE B S (R A A A FH A A K AR B Al AR A 1)
RS SEIRA RN IEY B NO; 1 8°N {H Rl &
NO, Ve B Py HE I BEAIR , AR ER 1 6°N: 6°°0 fH A
F 1.3 ~2.1 Z ) ARG A JoRE Wi
T AR RE 25 (T2 . T4 ~T6) 1Y 6"N: 80 {H7E 1. 3
~2. 1 Z 8l Ryt — 2R R Ak 0 % Ak 78 2224l
TIEMHIE In (NO; -N) S5 Hg82 £ 7 A7 R HRAE /Y
KR (F 6). HAFAE A ALAE AT AR, 6"°N-NO; Fn
8"0-NO; {55 In (NO; -N) i & i 2 1 Al 56 56
RO ATLAE W, TG RE T 0 K8 °0-NO; 5 In
(NO; -N) NFEFESA K Z 5 BARS"N-NO; 5 In
(NO; -N) FEE A 56 G &, (A A SEHEBIR (R =
0. 104 ) , PR, 6 5 o7 3t 3 b 3 /K R s AR A ol 7

--“- )

L — -
-



3180 7D 53

B 44 %

L
&

JEAB . 28 b il AL AR FH 2 T 5 Tl I Jak st 56 K {4
HPR LRI RS 6 AL /) = A Wy i B2, [T, MixSIAR

16
(a)
12 -
™ u
£ = n
o [ u T
> 8r [
S
y=-0.08c+8.22
R =0.104, P>0.05
4r =
0 1 l_m 1
-2 -1 0 1 2
In(NO;™-N)

E6 In(NO;y-N)SHEHRLREXR

Fig. 6 Relationship-between In( NO; -N) and nitrate 1solope Value‘i

' .‘“.r o
-

3.4 FHERERRIE Y E =3 _
P 7 7 MixSTAR H07 JE 5 1] i ket Kk S0 2 7k
LEREES ﬁimiﬂﬁ%_ﬁ;éﬁ% %mmﬁﬁwi
7J<ﬁﬁ@&i"/5 Aﬁmﬁﬁﬂaﬁﬂd\ﬁmﬁ ﬁ'ﬁﬁﬂ(
KRR (43. 3%) >ii§%7ﬁmfk(22 1%) > HES A
fE(15.1% )] >ﬁﬁ7§FLHB(I2 5% ) > B%yjﬂw j)%
iﬁmﬁ&f%ﬁ%mﬂﬁﬁﬁﬁﬁm&ﬂm%i;

B A R 2% B8 N-NO, F18"0-NO; 1 73 18

16

[]
(b)
[ ]
12 F
[ ]
éﬁ y=0,06x+697 ®
= 2 3
S st R°=10.027, P=0.05 °
o
ES
[ ]
4 [ ] o
L]
L]
0 L L L hd
-2 -1 0 1 2
In(NO3™-N)
| .

ﬁ*%ﬁmMﬁUM%immafﬁknm
ﬁm&ﬂm B o) LREREIE R
A A Y s

TesE L b 3 K BT £ 75 JeR LY BT @k%ﬂa
j@lJ/J\ﬁwd} i{%m]k&?fﬂm% 7%, > ii;%ﬁ
HLAL(26.5% ) > & A EE (19.0%) > ﬁﬁﬁ%mﬂ
(11.5% ) > 7K (6. 4% ) , I8 i Hu 2 K A R £h 75

E‘eikﬁih i A PR 4%%)%8*4141&&&2%%5@,/“ SRR 7 7 o B0 R Y ¢ A 3 05 K T 3

ELJ\@%$Z%H(49.7% ) T Ak T %
I G 9T 7 8 75 7Kk NO; ¥ 1 F= 3z Al 1w PG
YL ()52 5t mT DU R , JC e T it s o K U 37 31
F%J(E’J{FIJF'IJ%Hi%%&*ﬁf’ﬁﬁﬁ%ﬁ7k1ﬁ%ﬁﬁ£%ﬁ%ﬂ“ =
T A RS A 13035 5 S A3 ARl 3 3K
Eﬁ%ﬁiﬂﬂk&¢?ﬁ“\MMﬁmmﬂﬁ
THETRESF D2 5 B A X sk YT 3 R 5 ok R 2
BLZ B NG BB, A2 15 15 K IR AR R A6

100

80

60

40

Bk

100

(48.9%) > HIEA A (16.5% ) > fif 25 AN
(13.6% ) >EARM(11.4% ) > K (9.7% ).tk
2ERERERN 396 LU T i b 38 K R R 6 1Y) DTk %
T, AR TG 15 K S AR T i K i R £R 15 Y T
MR RN R N R A s TS
TS AW AT, BN T A= 15 V57K S ZEAE X TC
FE T KARAS RRER TS YL 0 DTk, 35551 1 9 PR B 2

SAH T EMIE. (HE R R F AL IEF - A ML A SE R

100

(a) Lifpih K

E

80

i 60

40

(b) FiiFFK

(OFSUEEZS
s0 |

60 =

¢

L 20 -. el B
E [él é. =] B é
= é L 0 ) o L=
1 1 1 1 1 1 1 1
NE AP M&S AF SN AP M&S AR SN NF AP M&S
Al At Al

P IR 3 R B4 [ 2871 25% . 50% | 75% 1 95% F B4 X [

B 7 mHERE

R O &

Fig. 7 Contribution rate of nitrate pollution source



6

TRAY IR ;I T Jol it 2 7 i R Ak 2 ) s 25 0 ARk BOR R A

3181

T I00 G R T Al bt 2 /K AR R AR 175 TR R T i) B K.
PRI, JCRE AT K % (DR AR 72 08, 7R 1R Bk ik
ARk B S5 T RE A LA b BRAROTT J YR 30 T R
B, HE S AT, DA AN - B, AN
SET T A FH RS /0 I 5 T B G 2R 19 e T
AEE B, Beoh, KT HE) I - Be oy R AEBEA s>
P AR P A, s A B P A AL, SEds 4 Ji8
SRR A HT AL A R AT MU AR T | 7 3
WAPRME | A IEAL | BRI AT TR T
SR AR IEF W THIRALE2E  RERS — E PR
IS ICE T MK AR ER 15 .

4 Zit

(1)2019 4E8 A | 2020 4F 10 H 12021 48 H
JCAE Tl s 2K ) p (NO; -N) MBI R (2.7 =
1.2). (0.6 £0.7) F1(2.6 +1.8) mg-L™" FEHH
SR 28 SR A L, Sk B KNy -N
VR TR ) b A NO S Nk

L FUE R %, T e k0, N

Ve T LAKIRNO, NikpE. | ) o
/(2 e A SN T e Bt
FOKINO; 7 2 5 2 Ak 1 B i R 2R i N O
WL B VAR S MY | - N 2
ZHUA R R AL AR R DL w(NOS )/

n(Cl ) a0 ) H5 5 4% W e, 2

| SEOK B AT Y R 5 5 2 B ] 25
AN, 52 ) A4 b T IR K 3 B A T S K A TR A
Ve B ALRIZ A 5 S35 A T R il i Sl i Rk =25
YR N T 2 U E ARl TR T G ) e YR TS Y
A b FROK R R T YR R Ry A T 5 K RIFEAE
2= AR - 984 FLAC, N e b 3R OK g R 5575 Y ok
TR LA A 16 75 7K S ZE R0 A

(3) MixSIAR A5 R X6 32 7K 159 i 3¢ 7K il iR 75 e
KR T2 SR B JC s VT I 3 b 2R K i 1R
ER V5 Y5 TR R B IME R A T 5 7K R
(43.3%) > TIEAIA (22.1%) > ES AL
(15.1%) > HERM(12.5% ) > FEK(7.0% ) , KA
B FRER T B 32 B2 T 7K AR L T TR 5 G R 5 T
ANTRIT B b K AR SR 5 Y U5 STk AT AR 22 57, T
] LA AR R A MLA STk = T R, Ifi
JCRE TR YA 16 5 7K K 260 B BTk R T i
B D A T TS KR Tb R K e K 4 B4 DA i
QAN SERS o ik Tl b8 % D T E el NG U

e ¢
[1] LiuXL, Han G L, Zeng J, et al. The effects of clean energy

production and urbanization on sources and transformation

(2]

[4]

[6]

[7]

[8]

[10]

[12]

processes of nitrate in a subtropical river system insights from the
dual isotopes of nitrate and Bayesian model [ J ]. Journal of
Cleaner Production, 2021, 325, doi: 10. 1016/j. jclepro. 2021.
129317.

Shi W M, Zhang Y, Zhang C Q, et al. Sources and health risks
of nitrate pollution in surface water in the Weihe River
watershed, China[ J]. Journal of Mountain Science, 2022, 19
(8): 2226-2240.

AR, WAL, HEIHT. YT R W 20 AL £ 15 G A T
[7]. BRI, 2019, 40(9) ; 4033-4041.

Wang Y L, Feng M Q, Dong X Q. Analysis of nitrate pollution
sources in the rainy season of the lower Fenhe River [ J].
Environmental Science, 2019, 40(9) : 4033-4041.

Cao M X, Hu A Y, Gad M, et al. Domestic wastewater causes
nitrate pollution in an agricultural watershed, China[J]. Science
of the Total Environment, 2022, 823, doi: 10. 1016/j.
scitotenv. 2022. 153680.

2], IME, AARRER. ORI U b b DX U IR R R
BRGERH AL R[], FHEBE, 2017, 38 (12)..-5039-
5046. i PP

Li Y L, Sun-W, Yang Z R. Identification of nitrg_te‘-"gsﬁ'urces and
transformation_processes in midstream areas ; a'caslt;"in the "Taizi
River Basin[ J‘]_. .Environrlnental Science, 2017 ,,3‘8(1}.) +5039-
5046. | 1B '
BOR, gH, e R T T B Y
RRAR BT . SRGERHS, 2020, 41(6) ; 266412670,

Zhao R, ‘Han Z‘__W, Shen C H; et al. ldentifying nitratqéotllrces_ ]
in a tyf)i‘.cél karst un(jdrgrotf;d river basin [ J.],. E_nyigqnmet‘ft-eii_-_‘,
Sciencel, 2020, 41(6) 3 2664-2670. -
Ji XL,

. . . o
transformations uising A'7'0, 8N, and 5180-NO3 in al€oastal

! 3 3
u L L, Ti'Y, et al. Tracing nitrafe®sources fand

plain river network of eastern China[ J]. Journal of Hydrology,
2022, 610, doi: 10.1016/]. j.lllydrol. 2022.127829.

How, SRl , 000, RTnE i s JCHL U 25 53 A R AR
BRI [ 1], AR FRBERE 2441, 2020, 39 (1) . 182-
190.

Xia Y, Zhang B T, Jiang D J. Spatiotemporal characteristics and
sources of dissolved inorganic nitrogen in the Dagu River,
Jiaodong Peninsula, China [ J]. Journal of Agro-Environment
Science, 2020, 39(1) . 182-190.

Liu X L, Han G L, Zeng J, et al. Identifying the sources of
nitrate contamination using a combined dual isotope, chemical
and Bayesian model approach in a tropical agricultural river; case
study in the Mun River, Thailand [ J]. Science of the Total
Environment, 2021, 760, doi: 10. 1016/j. scitotenv. 2020.
143938.

Ren L S, Cheng L. R, Zhang S R, et al. Quantifying nitrate
pollution sources of the drinking water source area using a
Bayesian isotope mixing model in the northeastern suburbs of
Beijing, China [ J].
Studies, 2021, 57(4) : 350-367.

Zhang X, Zhang Y, Shi P, et al. The deep challenge of nitrate
pollution in river water of China [ J]. Science of the Total
Environment, 2021, 770, doi: 10. 1016/]. scitotenv. 2020.
144674.

Lasagna M, De Luca D A, Franchino E. Nitrate contamination of

Isotopes in Environmental and Health

groundwater in the western Po Plain ( lialy ) ; the effects of
groundwater and surface water interactions [ J]. Environmental
Earth Sciences, 2016, 75 (3), doi; 10. 1007/512665- 015-
5039-6.

TR, TKDF, BEEEE, b E R KRN R Eh A R HOR I



3182 2 S - 44 %
SHT[T]. FREERIEE, 2020, 41(4) ; 1594-1606. Environment, 2019, 646 . 801-810.
Zhang X, Zhang Y, Bi Z L, et al. Distribution and source [26] akHa¥s, JEEZE. HiAKT B N JC 8 M iR Bk BRI [ 1]

[14]

[15]

[16]

[17]

[18]

[9)

[20]

[21]

[22]

[23]

[24]

[25]

L

analysis of nitrate in surface waters of China[J]. Environmental
Science, 2020, 41(4) : 1594-1606.

Xuan Y X, Liu G L, Zhang Y Z, et al. Factor affecting nitrate in
a mixed land-use watershed of southern China based on dual
nitrate isotopes, sources or transformations? [ J]. Journal of
Hydrology, 2022, 604, doi: 10. 1016/j. jhydrol. 2021. 127220.

Zhao Y, Dang J] H, Wang F. Sources of nitrogen pollution in
upstream of Fenhe River reservoir based on the nitrogen and
oxygen stable isotope[ J]. Journal of Chemistry, 2020, doi:10.

1155/2020/6574210.

Bratek A, Emeis K C, Sanders T, et al. Nitrate sources and the
effect of land cover on the isotopic composition of nitrate in the
catchment of the Rhéne River[ J].
Health Studies, 2020, 56(1) . 14-35.

Sui Y'Y, Ou Y, Yan B X, et al. A dual isotopic framework for

identifying nitrate sources in surface runoff in a small agricultural

Isotopes in Environmental and

watershed, Northeast China[ J]. Journal of Cleaner Production,
2020, 246, doi: 10.1016/]. jclepro. 2019. 119074.

2R, BT, RN, AR T i VA AR X LR RE I Ak
KA ERER KR EE[T]. PREFRLE, 2023, 44(2)-: T61-
769. i ’_..-

Li HW, Zhao G J, Li M, et al. Identification of nitrate source of
surface water in a typical peri-urban waler“s“}ied in the-“fableland of
the Loess Platea}ul.-',' China[ J].

42):761-769" | BYYY -7 a
NG, VA, s, TR T T I RS £

AU A ke R L IJ[H*. mi%’%’#%,“zbzé',ft_s
| (10) : 4470-4479.

# Wang Y'Y, Yang PH, Zhang ] R. Sources, 'and blogeoéhemlcdl

proceswe of nittaté in the Laolongdong Karst Underground River
Basm Chor}ﬁqmg[]] ~Environmental Smence 2022’”43( 10~-)‘m’f..f

[ 4470344791 ¥ e
Zha,ng Y, Zhang®™ J, Qu D Y, et al. Water use strategies of
deminant species ( Caragana korshinskii and Reaumuria

soongorica) in natural shrubs based on stable isotopes in the

Loess Hill, China[J]. Water, 2020, 12(7), doi;: 10. 3390/
wl2071923.
Wu H W, Zhao G Q, Li X Y, et al. Identifying water sources

used by alpine riparian plants in a restoration zone on the
Qinghai-Tibet Plateau:
Science of the Total Environment, 2019, 697, doi:
scitotenv. 2019. 134092.

SuP Y, Zhang M J, Qu D Y,
strategies of Tamarix ramosissima in different habitats in the
Northwest of Loess Plateau, China[ J]. Water, 2020, 12(10),
doi: 10.3390/w12102791.

GuoZ F, Yan CZ, Wang Z S, et al. Quantitative identification

Evidence from stable isotopes [ J ].
10.1016/j.

et al. Contrasting water use

of nitrate sources in a coastal peri-urban watershed using
hydrogeochemical indicators and dual isotopes together with the
statistical approaches[ J]. Chemosphere, 2019, 243, doi;: 10

1016/j. chemosphere. 2019. 125364.

Eghi C D, Anormnu G K, Ganyaglo S Y,
contamination of groundwater in the Lower Volta River Basin of
Ghana related human health 71isks [ ] ].
Ecotoxicology and Environmental Safety, 2020, 191, doi: 10.
1016/j. ecoenv. 2020. 110227.

LiC, Li SL, Yue F J,
transformations of nitrate in the Xijiang River using nitrate

Total

et al. Nitrate

sources and

et al. Identification of sources and

isotopes and Bayesian model [ J ]. Science of the

Environmental Science, 20235744~

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Al T2, 2019, 9(2) : 31-33.

Zhang Y L, Xi Z J. Assessment of water quality of Wuding River
Basin in Yulin city[J]. Agricultural Engineering, 2019, 9(2) .
31-33.

P, WhIvE, ESOW, 4. J0E W b R K R K A7k
P Rl I (1] FREERLAE, 2022, 43 (1) 220-
229.

Li S J, Han X, Wang W H, et al. Hydrochemical characteristics
and controlling factors of surface water and groundwater in
Wuding River Basin[ J]. Environmental Science, 2022, 43(1) .
220-229.

AN, SKHRHE, AR BP0 W T K R BRI
[J]. BEVEAKF, 2020, (11): 110-111.

WK, BICR, SR, S MrbKTT R I K 2R 3 N g K R
RPN G0 I]. TR BB 2R IR (A ABIARR) |, 2018,
38(1): 71-76.

Yang F, Yi W L, Dong Q, et al. Evaluation and analysis of the
water quality of the main rivers in the drgina.,ge.,sylé.t-em ‘omf‘ the
Yellow River within the' territory of Yulin"City ’L_}-"r‘ ﬂmi,rnal of
Baoji Unlverslty of Arts and Sciences ( Natural SL]CH(C) 2018,

38(1): 7]-76. : ;

T, I, . 'lzﬁhj‘mnoﬁiujziauz;{ i 2 {M
[J]. BREEREAFIT 2017,'30(9) ; 1355-1364° ;
WangT Xu L-“.. HuY, et al. Spatial and ternporal changes of

soil erosnSn in Wudlnﬂ Rlver.-Basm Shaanxi Provmce, Chlna‘
[J]. Resedr(h of Envlﬂ)nmémdl Sciences, 2017 30(9_) 1355-

1364. / '

. Bertiadtieths sk o s S

AT, 2020, 26(3) : 114-115. 7

Li X L Innovative research onjecological co-culture technology of

o

rice and crab in Wuding River Basin [J].
Research, 2020, 26(3) ; 114-115.

TR, FREAE, SEeRE, AF. JCE B b KRR RN v A
Kotk B2 AR 7 [ 1], K EARER2EAR, 2020, 34(1) : 8-16.

Zhang P, Zheng M G, Cai Q G, et al. Correlation and spatial-
temporal variation of precipitation and sediment production in
Wuding River Loess Area [ ] ].

Conservation, 2020, 34(1) . 8 16.

Modern Agriculture

Journal of Soil and Water

FRERG, IRESE, ZEdoat, A AN [ ROE T iR AR
okt Iy 25 iy Y0 A ?ﬂffﬁu*ﬁf“[ﬂ K ERFERFFE, 2020, 27
(3):1-7, 22.

Zhang Y X, Xu G C, Li Z B, et al. Simulation accuracy of

runoff erosion power-sediment transfer model at different time
scales[ J]. Research of Soil and Water Conservation, 2020, 27
(3):1-7, 22.

TR T, BT Copula BR KA JE RE 191 35 il U0 o A ELF 5

[D]. P4%. FIZH T R, 2021,
Zhang H H Z. Study on simulation of sediment load in Wuding
River Basin based on copula function [ D ]. Xian: Xi’an

University of Technology, 2021.

RIK, FRE, 2205, 4. WGE R fi “2017.7. 26 ik
TEUPSRIBHENTL )] ARRIKE TR, 2019, (6) : 31-37.
Yu X, Hou SZ, Li Y, et al.
Wudinghe River during “7.26” flood in 2017 J]. Hydro-Science
and Engineering, 2019, (6) . 31-37.

Ji W J, Xiao J, Toor G S,

streamwater and groundwater in a loess covered region; Sources,

Identifying sediment sources in

et al. Nitrate-nitrogen transport in

drivers, and spatiotemporal variation[ J]. Science of the Total

2021, 761, doi: 10. 1016/j. scitotenv. 2020.

Environment ,



TRArGEE ;. JoE

TR AL SR A i T A R R 4 e s

S A REAE T R VR AT 3183

[39]

[40]

[41]

[42]

1431

[44]

M.

143278.

Rz BT RR0E R0 2 A7 ly S T R £ 75 e o UL
#r[D]. 55'% 8 RAE, 2020.

AR, BT S SARE R0 3R 1Y PG R A T IS A A b
DX 7K57‘5E/)?A2BT/‘ AGFREL D], b5t P EH R
S (dEs0) , 2020

Huo W J. Using hydrogen and oxygen istope to reveal water
sources and spatio-temporal variations of apple tree in rocky
desertification mountionous area in Karst Graben Basin,
Southwest China[ D ]. Beijing: China University of Geosciences
(Beijing) , 2020.

WM, WHE, Tom, A BETRARM R BORIE I L
TR ERERA R MEAT [ J]. P EPREERL,2022, doi: 10
19674/j. cnki. issn1000-6923. 20220507. 016.

Pei DY, Xie L, Xu B, et al. Analysis of nitrate sources in the
Qingshui River of the Yellow River based on nitrogen and oxygen
isotope technique[ J]. China Environmental Science, 2022, doi:
10. 19674/j. cnki. issn1000-6923. 20220507. 016.

P, BRBOR. BT Kroskal-Wallis K56 (19 10T 7K 5 54 5 43
MBS —— AR O B[ )] ek -2, 2011,
26(6) . 2249-2254.

Gao Y W,Chen D Y. Study on the distribution of groundwater
contamination based on Kruskal-Wallis Test MEthoduj‘_:.-faking

Changchun area a example[ J]. Progress in Geophysics, 2011,
26(6) : 2249-2254. i /i
GB 3838-2002, MK I 5T gﬁT{ﬁ[SJ | & -

ﬂE%J?ﬁEisji/k(/"ﬂﬂtBléﬁf[D] L ﬁf& I
KaE, 2018 41 4 /

l

1 Sun Q. Thg attrlbunon analysis of watef’ and-&edlmen‘t cha,ngf; in
| the Wudmghe "River Basin [D].
-+ Technology, 2018,

Xi'an:; Umvelsny of

77 i
R BRI T, % EA«FEB:HJM%%QH&AUEJJW”

et al. Aﬁalysls on  chemic
cqnjf)osition of précipitation and its source apportionment in Xi’an
dfty [J]. Environmental Chemistry, 2020, 39 (9 ). 2384-
2394.

Tian H Q, Lu C Q, Melillo J, et al. Food benefit and climate

[45]

[46]

[47]

[48]

[49]

[50]

¥ ;
y'[m 2 %1&% 20205 39(9) : 2384- 2394. A _ear’f
I:_Ion‘f,S Y4 Qiu “(, C, Ding C, [52]

warming potential of nitrogen fertilizer uses in China [ J ].
Environmental Research Letters, 2012, 7 (4), doi: 10. 1088/
1748-9326/7/4/044020.

LiSL, LiuCQ, LiJ, et al. Assessment of the sources of nitrate
in the Changjiang River, China using a nitrogen and oxygen
isotopic approach [ J]. Environmental Science & Technology,
2010, 44(5) : 1573-1578.
Jin Z F, Zheng Q, Zhu C Y,

sources in surface water in multiple land use areas by combining
Applied

et al. Contribution of nitrate
isotopes and a Bayesian isotope mixing model [ J].
Geochemistry, 2018, 93. 10-19.

Yue F J, LiSL, Liu CQ, et al. Using dual isotopes to evaluate
sources and transformation of nitrogen in the Liao River,
Northeast China[ J]. Applied Geochemistry, 2013, 36 1-9.
Xue D M, Botte J, De Baets B,

future prospects of stable isotope methods for nitrate source

et al. Present limitations and
identification in surface- and groundwater[ J]. Water Research,
2009, 43(5): 1159-1170.

Jin Z X, Wang J F, Chen J G, et al. Identifying the sources of
nitrate in a small watershed using SISN-Blgo_isq.tnp.es"E;I: nitzate in
the Kelan ~Reservoir, Chinaﬁ[ J ].‘;;.:ﬂél'ic“ulture,
Ecosystems & Environment, 2020, 297, doi+10. 1,016/]- agee.
2020. 106936 /S =
Chen ] Y' I'ang CY) Yul_l J. Use of '*0, 2H.Ell’ld
nitrate conlammalmn df groundwater in a wastewater 1rng_a.t‘ed ée”l‘d
Journal” of Hydrnlogy,

Guangxi ,

to idgntify

near the 01ty Of;'!ghljlaz uarlg, Chlna[ J].
2006 325(1 -4)% 367- 378..

£ s, b, % A FH’EL’%‘LI’Ju%ﬁﬁﬁﬁtzszﬁ
b’%ﬂﬂiﬁh@&ﬂ\ﬂéﬁ&%ﬁ” AALFEAE[ 1], i’lﬁﬂ% '?IU%"
20195 47(6) : 820-828.)
Ren Y M Yue! F J, Xu S, et/al. Temporal and spatial le‘-flll()l’l
of nitrate sources in the Chishui River watershed based on isotope
approach[ J]. Earth and Envir:)nment, 2019, 47(6) : 820-828.
Kang X Q, Niu Y, Yu H, et al. Effect of rainfall-runoff process
on sources and transformations of nitrate using a combined
approach of dual isotopes, hydrochemical and Bayesian model in
the Dagang River basin[ J]. Science of the Total Environment,
2022, 837, doi: 10.1016/j. scitotenv. 2022. 155674.



HUANJING KEXUE Vol.44  No.6

Environmental Science (monthly) Jun. 15, 2023

CONTENTS

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Shao-xuan, CHEN An-na, CHEN Cheng-kang, et al. (3017)
Assessment of the Multidimensional Performances of Food Waste Utilization Technologies in China «««e«ssesesresseseemennennenininncnsneenns YANG Guang, SHI Bo-fen, ZHOU Chuan-bin (3024 )
QIAO Zhi, CHEN Jia-yue, WANG Nan, et al. (3034)
++ CHEN Yuan-yuan, YAO Xia-mei, OU Chun, et al. (3043)
Assessment of Emission Reduction Effect of Major Air Pollution Control Measures on PM, 5 Concentrations During 13th Five-Year Period in Tianjin «++vectereesereseeesssscnnesinsicnnnen

..................................................................................................................................................................... XIAO Zhi-mei, XU Hong, CAI Zi-ying, et dl. (

LUO Yu-gian, ZHANG Kai, ZHAO Yu-xi, et al. (
XIE Fang-jian, ZHENG Xin-mei, DOU Tao-tao, et al. (3071

(

(

(

Spatial Network of Urban Heat Environment in Beijing-Tianjin-Hebei Urban Agglomeration Based on MSPA and Circuit Theory

Relationship Between Urhan Spatial Pattern and Thermal Environment Response in Summer: A Case Study of Hefei City

Effect of Clean Heating on Carbonaceous Aerosols in PM, 5 During the Heating Period in Baoding

Transport Influence and Potential Sources of PM, 5 Pollution for Nanjing -+

Impact of Atmospheric Circulation Patterns on Ozone Changes in the Pearl River Delta from 2015 to 2020 -+ WANG Yao, LIU Run, XIN Fan

Effects of Tropical Cyclones on Ozone Pollution in Hainan Island FU Chuan-bo, DAN Li, TONG Jin-he, et al.
Analysis of Causes and Sources of Summer Ozone Pollution in Rizhao Based on CMAQ and HYSPLIT Models
Health Benefit Evaluation for PM, 5 as Well as 5 ¢, Pollution Control in Chengdu, China from 2016 to 2020
Impacts of COVID-19 Lockdown on Air Quality in Shenzhen in Spring 2022

Emission Tnventory of Airborne Pollutants from Biomass Combustion in Guizhou Province

LIN Xin, TONG Ji-long, WANG Yi-fan, et al.

)

)

)

)

)

)

ZHANG Ying, TIAN Qi-qi, WEI Xiao-yu, et al. (3108)

+ LIU Chan-fang, ZHANG Ao-xing, FANG Qing, et al. (3117)
WANG Yan-ni, YANG Jing-ting, HUANG Xian-feng, et al. (3130)
)

)

)

)

)

)

)

ZHOU Dong, HUANG Zhi-pu, LI Si-min, et al. (3142
LIU Li-ming, WANG Chao, GONG Wen-wen, et al. (3152
JIANG Ping, ZHANG Quan-fa, LI Si-yue (3165
XU Qi-feng, XIA Yun, LI Shu-jian, et al. (3174
Seasonal Variation Characteristics and Pollution Assessment of Heavy Metals in Water and Sediment of Taipu River ««+-«sseseesreeereeees LUO Peng-cheng, TU Yao-jen, SUN Ting-ting, et al. (3184
-+ JJANG Bao, SUI Shan-shan, SUN Cheng-yi, et al. (3198
Tracking Riverine Nitrate Sources and Transformations in the Yiluo River Basin by Nitrogen and Oxygen Isotopes ++ GUO Wen-jing, ZHANG Dong, JIANG Hao, et al. (3206
Distribution Characteristics and Risk Assessment of PPCPs in Surface Water and Sediments of Lakes in the Lower Reaches of the Huaihe River »++«seseerrerseresienenieneinininiininnn
WU Yu-sheng, HUANG Tian-yin, ZHANG Jia-gen, et al. (3217
LIU Chun-yan, YU Kai-ning, ZHANG Ying, et al. (
YAN Zhi-yun, ZENG Yan-yan, ZHOU Jin-long, et al. (
CHEN Ying, WANG Jia-wen, LIANG En-hang, et al. (3247
XU Heng-tao, FU Xiao-hang, FENG Wei-hua, et al. (
+++ CHEN Wen-jing, SHI Jun-ling, LI Xue-ting, et al. (

Main Chemical Components in Atmospheric Precipitation and Their Sources in Xi'an

Distribution, Respiratory Exposure, and Traceability of Atmospheric Microplastics in Yichang City «+++++++

Hydrochemical Evolution in the Yarlung Zangbo River Basin

Temporal and Spatial Distribution Characteristics and Source Analysis of Nitrate in Surface Water of Wuding River Basin

Pollution Characteristics and Risk Assessment of Antibiotics in Beiyun River Basin in Beljing

Characteristics and Driving Mechanisms of Shallow Groundwater Chemistry in Xining City -+

Groundwater Pollution Risk Assessment in Plain Area of the Yarkant River Basin

Composition Structure and Influence Factors of Bacterial Communities in the Miyun Reservoir -
Photo-Degradation Mechanism and Pathway for Tetracycline in Simulated Seawater Under Irradiation of Visible Light

Adsorption Characteristics and Mechanism of Ammonia Nitrogen in Water by Nano Zero-valent Iron-modified Biochar -

Removal Performance and Mechanism of Potassium Permanganate Modified Coconut Shell Biochar for Cd( I ) and Ni( I) in Aquatic Environment +«+s+sssseesesssesssisnininiiininiiiiiins
...................................................................................................................................................... ZHANG Feng-zhi, WANG Dun-qiu, CAO Xing-feng, et al. (3278

Phosphorus Adsorption in Water and Immobilization in Sediments by Lanthanum-modified Water Treatment Sludge Hydrochar = +-++++ssesveseeeeseeeees HE Li-wenze, CHEN Yu, SUN Fei, et al. (3288

Factors Affecting Nitrate Concentrations and Nitrogen and Oxygen Isotope Values of Effluents from Waste Water Treatment Plant -+« ZHANG Dong, GE Wen-biao, ZHAO Ai-ping, et al. (3301

)

)

)

Effects of Wastewater Treatment Processes on the Removal Efficiency of Microplastics Based on Meta-analysis +-«+xesxesseeeressennensssnennennen FU Li-song, HOU Lei, WANG Yan-xia, et al. )
Assessment of Critical Loads of Nitrogen Deposition in Natural Ecosystems of China «+:ereeseeeserereresenienenninineniniensene HUANG Jing-wen, LIU Lei, YAN Xiao-yuan, et al. )
JIN Yan-song, JIN Kai, WANG Fei, et al. )
DING Yue, WANG Liu-zhu, GUI Feng, et al. (3343)
)

)

)

)

)

)

)

Impacts of Climate Change and Human Activities on NDVI Change in Eastern Coastal Areas of China
Ecosystem Carhon Storage in Hangzhou Bay Area Based on InVEST and PLUS Models

Soil Stoichiometry Characterization in the Oasis-desert Transition Zone of Linze, Zhangye

SUN Xue, LONG Yong-li, LIU Le, et al. (3353
LI Wen-bao, ZHANG Bo-yao, SHI Yu-jiao, et al. (3364
Distribution Pattern of Bacterial Community in Soil Profile of Larix principis-rupprechtii Forest in Luya Mountain = »«+s+sesrsereeresreesrssseneenenss MAO Xiao-ya, LIU Jin-xian, JIA Tong, et al. (3376

Vertical Differences in Grassland Bacterial Community Structure During Non- Growing Season in Eastern Ulansuhai Basin

*+ ZHAO Jiao, MA Jing, ZHU Yan-feng, et al. (3386
YAO Li-ru, LI Wei, ZHU Yuan-zheng, et al. (3396
ZHU Shu-hong, HUI Chao-mao, ZHAO Xiu-ting, et al. (3408
CHEN Qi-gi, WANG Zi-jun, CHEN Yun-zhong, et al. (3418
Effects of Mulching and Application of Organic and Chemical Fertilizer on Greenhouse Gas Emission and Water and Nitrogen Use in Summer Maize Farmland «-«eoeeoveeeeseserseneniencnnee

Effects of Vegetation Types on Carbon Cycle Functional Genes in Reclaimed Soil from Open Pit Mines in the Loess Plateau

Effects of Biochar Application on Soil Bacterial Community Diversity and Winter Wheat Growth in Wheat Fields

Effects of Different Planting Years of Dendrocalamus brandisii on Soil Fungal Community

Effects of Biochar Amendment on N,O Emission and Its Functional Genes in Pepper Growing Soil in Tropical Areas -+

- JIANG Hong-li, LEI Qi, ZHANG Biao, et al. (3426)
Effects of Different Types of Plastic Film Mulching on Soil Quality, Root Growth, and Yield MU Xiao-guo, GAO Hu, LI Mei-hua, et al. (3439)
Pollution Assessment and Source Analysis of Heavy Metals in Atmospheric Deposition in a Lead-zinc Smelting City Based on PMF Model ~ +-+ CHEN Ming, WANG Lin-ling, CAO Liu, et al. (3450)
Characterization and Health Risk of Heavy Metals in PM, 5 from Road Fugitive Dust in Five Cities of Yunnan Province ««+vsseereseeereseeee HAN Xin-yu, GUO Jin-yuan, SHI Jian-wu, et al. (3463)
Pollution Characteristics and Risk Assessment of Heavy Metals in Surface Dusts and Surmunding Green Land Soils from Yellow River Custom Tourist Line in Lanzhou «-++eseeresverereenecseenes

* LI Jun, LI Kai-ming, WANG Xiao-huai, et al. (3475)
Source Apportionment and Pollution Assessment of Soil Heavy Metal Pollution Using PMF and RF Model: A Case Study of a Typical Industrial Park in Northwest China «-«-««sseeeseeresreseeeees

..................................................................................................................................................................... GAO Yue, LU Tong, ZHANG Yunkai, et al. (3488)
Source Analysis of Soil Heavy Metals in Agricultural Land Around the Mining Area Based on APCS-MLR Receptor Model and Geostatistical Method ««««+sesesessesserseeeemenenneinenennnnen

++ ZHANG Chuan-hua, WANG Zhong-shu, LIU Li, et al. (3500)

WANG Mei-hua (3509)

LIU Ya-jun, LI Cai-xia, MEI Nan, et al. (3520)

)

)

)

Source Analysis of Heavy Metals in Typical Farmland Soils Based on PCA-APCS-MLR and Geostatistics -
Characteristics and Risk Evaluation of Heavy Metal Contamination in Paddy Soils in the Three Gorges Reservoir Area

Health Risk Assessment and Environmental Benchmark of Heavy Metals in Cultivated Land in Wanjiang Economic Zone «+:+«sseseesserseeeenereees LIU Hai, WEI Wei, SONG Yang, et al. (3531
Evaluation and Source Analysis of Soil Heavy Metal Pollution in a Planting Area in Wanquan District, Zhangjiakou City +++++eseerereeeeee AN Yong-long, YIN Xiu-lan, LI Wen-juan, et al. (3544
Heavy Metal Concentration, Source, and Pollution Assessment in Topsoil of Chuzhou City ««+s+seeseeseseserensrmeneneininnins TANG Jin-lai, ZHAO Kuan, HU Rui-xin, et al.
Analysis on the Distribution Characteristics and Influence Mechanism of Migration and Transformation of Heavy Metals in Mining Wasteland -
.................................................................................................................................................................. EI Hong-bin, LUO Ming, XIANG Lei, ef al. (3573)
Ecological Risk Assessment and Source Apportionment of Heavy Metals in Mineral Resource Base Based on Soil Parent Materials -+« WEI Xiao-feng, SUN Zi-jian, CHEN Zi-ran, et al. (3585)
Enrichment Characteristics of Heavy Metals and Health Risk in Different Vegetables «+eeeeseeererresseesenenenninininiiniien QI Hao, ZHUANG Jian, ZHUANG Zhong, et al. (3600 )
Health Risk Assessment of Heavy Metals in Soil and Wheat Grain in the Typical Sewage Irigated Area of Shandong Province WANG Fei, FEI Min, HAN Dong-rui, et al. (3609)
Prediction of Cadmium Uptake Factor in Wheat Based on Machine Learning *+ NIU Shuo, LI Yan-ling, YANG Yang, et al. (3619)



	zw
	20230617
	yw



