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Simulation of Nitrate Isotopic (3*N and §°0) by Coupllng the Hydrology and
Transport Processes Described by the SWAT Model .

L
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Abstract: To imiprove_ “the reliability of methods o trace surdee water pollutdnts in| river delrllb hydrological and water quahty
proeesses jin the Fuxi River Basin were (ontlnlj}nusly mon\Jtored from 2013 to 2015 | and the main pollution sources in the watershed and
3"N.as well as 80 in the rivers were measured 51multane0usly The Soil and Water Assessment Tool. (SWAT) model was used to
sinfildte fhe NH,5 and NOJ “migration processes in sthe h.yd’rologrédl processes of the land surface and rivers. On this basis, the
processes of mixing, trcmsformdtlon and fractionation of §*N" dnd 3"%0 in NO; were coupled, and the simulation methods of "N and
"0 in the rivers were developed. The results showed that 8N and 30 in the rivers were mainly affected by the pollution sources in
the river basin and the variation in runoff conditions during different hydrological periods. The contribution of the mixing process of
different isotopes to the isotope abundance was 82.74% . The contribution of isotope fractionation in the process of nitrogen conversion
was 16.26%. The influence of NH,; and NO; concentration deviation from the SWAT simulation on the simulation errors of 8N and
3"°0 was 10.44%. The 3'"0 simulation errors were 18.72% larger than those of 8N because of the higher variation range of 3"°0 in
rainfall and the complexity of 8'%0. The systematic errors and deviations of the simulated 8N and 8"0 results using the proposed
method were less than 10% and 15% , respectively. The simulation method of 3'°N and 8'0 in the river basin has a clear physical
meaning, which provides a useful approach for tracing nitrogen sources in rivers.

Key words : basin; nitrate; SWAT model; isotopic; process simulation
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Table 1  Basic information for the Fuxi River basin

b8 25 JE KT 37 45 J TG ] 37 ERESTN 8

TR km? 966. 88 1035.78 2983. 14

L/ Ak -2 V) 338.34 332.05 338.20

*Km

K 362. 40 378.78 367.91

S KA 1 844. 60 1634. 68 1 700. 85

=) 7N CKm

e JNEY 14 048. 51 10 876. 20 11 836. 21
pSit) 20. 21 24. 14 10. 18
A H 62.23 58.44 75.38

T I % g 3.37 5.08 5.34%
3| 6.33 4.42% 2.80%
Wi 0.42 0.14 0.72
HE 0.31 0.11 0.20

I 190 %% B/ lem ! 0.26 0.20 0.21

Tb SR /tea™! 7.14 x10° 8.48 x10° 2.30 x 107

I K/ tea ! 1.24 x10° 1.15 x10° 8.70 x 10®

1) Tlb AR S Tl 8 B HE AT K 5

SRS K R ST 5 2K A B E K LA S A 3 5 A R X A S A P A5 AR Ak B Y 35 K



70 woom B 39 %

= R TR B TR 'wﬂ\\ '*“;:
B TR AU ettt

(d)

Yerene)

[ N
. ki = i 0~3 W 10-15
[ Waikdets Wl RE 3-5 EE 15-25
ol . e B 5-10 W 25-45

E1 ZFZFMREERERLRAKRKESEENEEACRRELE
Fig. Basin information and monitoring sites for the measurement of flow rates, containment concentrations

and 8N and 8'%0 abundance in the Fuxi River basin

1.2 ST SWAT Mk a2 L 0 2 S ekl S 0.
HT SWAT F15 3R A S 7 i A . e D (2)
N1801602—

T A, JFAEIE T 7K SO 7 P A SR T B A
LR TR £k NN O [R5 38 vk 2 AR 1.
BT B T S E T RIR S 1 NOy PN

Zoi
A, Q,(i=1,2, -, m) 4R35 R 6] R # 19 3
KRRV ATV . DU SR (35 Tolk %k

180y 3z REARA) .
FTORERAL: . DR R TR TS K ) 975 K HE R i mP s HopoR
> 0o, [ #4817 119 M 6 72 VA RN ZAS JEE 118 0 4 Tl SWAT A
Cionoy = (1) BUGPE, 55 KA D )1 48 B W ) 3l

BE € ooy 1€ g, SHIIFIRAIT S § Here
371

i



13 TR, BT SWAT #EY B 3 I8 T 18 A PR R S N NS PO 1) 71

JENO; WIPNAITOWE , mg-L™"; i FHLRBLR5E
SRR TR, PRk, 28 3t Y (RS2 2R Tk B Sy [T v
) NO; Rl RS R (SR ) R R BRI
WREE, FAs 14 F1 15 430 RN AT R W5 F =, 16
18 TR E TR 5.

A NH, e/ S 308 NO;y
NN

dc c

14NH * 14NO
(1NH/——1NO )

LA R

MNH

=—k — (3
ot dCl“NH K14NH + C14NH ( )

Kb by —BriAsh i 28,47 ¢ laxiy . N NH/
WL, mg-L™"5 o WAL, dy Kuyy: 0 NHS AHAGAE
-1 Ak B mg'L_'.

NH, A A, PNIA] AL 2R i A 4] 7R
N

dc c

(SNH;——15N07) 1

dc

15 + 14 + 14 -
NH, (MNH;——14N0;)

ot

at oy Crang

(4)
A oty BN NIFIDLZR AL NHY HMM’EHEJEYHE’J/\

WYERIA T NH, B9 fead ﬁﬁ%3 4‘%)?? AL

Fiﬂﬂﬁ/\ﬂéﬁ?ﬂﬁlﬂ’vkﬁi%‘ A T 5 —U‘Pﬁ’}'“

ﬂ({ﬁﬁﬁﬂﬂ% £ lﬂ:[:ﬁﬁﬂc %Ifﬁétﬁﬁﬁ#&i’:ﬂlﬂ
[8"0 T%%/Tﬁ 7
18O(No ) = 2/3 3"0(H,0) +1/3 8”‘0(,@2)
y |

(5)/

ﬁ*l%uunﬁ%uMﬁ%%F%M?Wﬁ@f

AT R0, o R,
f R
5 :(E-1)x1000%0 (6)

R MG (NATO) FEE R (N FTO)
P ECE, R, AREAE. N0 R 37 2 43 51 2 BebR
KA (AIR) FNYE- A9 B3 UE - 2978 7K ( cienna standard
mean oceanic water, V-SMOW ) HrifE.

SR BRI KA Y O™ AR B T 2013
~2015 AFRE I BORE, Al ACHA | YU A 2K A
Vi AR BEAR T 2.0 mg- L' B9 B0 1) o X g 7k
SCHIRELY 42.61% | 22.40% F1 37. 78% , 15 1% fift
EMREE/NT 2.0 mg- L™ MHHOL T, NO; &R Al
TAEHT.

At B NO; HOMRE AL AT RoR 8

a0141\10; Ciano;

=—koec,, (7)
n NO
815 03 KMNO; + CMNO;

Ak, S — W Al 2k R AT

KMN(); j‘j

NO; RN R ARE , mg L'
SCREA IR A NI O BE AR AL R 53] R

acl5N03’ :CISNO; 1 acMNo; (8)
ot Cuano; aN_NO; ot
8¢ ymono; _ Svsoro; Oeniso; (9)
ot Cxiso; aOVO, ot
Kol WONFIRIEAE NOS I s S
W T, #R "ORI i AE NOT R L Hg 5
BRI T

K H Compaq Visual Fortran 6.0 FEJ SWAT
2009 7 ACRS X6 0] 38 7K SCI R s g W e Al i i
BEHIEA T8 1, BT E H NO, v NI 0 vk i AR
1k, BARG F RS 30 m R 307 P s AR A
DEM ( 36 [ Hb J5 6 25 J5) EROS H3i ) 5 48 18 {37 4ol

K143 59 360 AT sl 78 f%ﬁiﬂimé}éﬁﬁtﬁ‘tﬂﬁ *
ENVI 4 TM-ETM 32 % 0L 5500 ik 43 A s 7
TR B A R %IJFHl 1 000 oooiiséiﬂli%m
37 R0 R R %%ﬁ M5 YL WA %ﬁﬁ%om
I R T U {ﬁﬁiﬁ%ﬁ T SWAT *%UW@WE
miﬁﬁ$fﬂm JURHY NOS A NH; AR
ﬁm%uﬁrumﬁﬂﬁﬂ mwﬂ%mrﬂn
HR(3) ~(5) *%U/TJ"EEPE’J NH; s i BN
FOUe LA, B4 1T 38 B I SE B AR T
A HE/NT 2.0 mg- L OB N R, RIHR(7)
~ (9) Bl NO; M R fbad 72, DL & NO; e fififk
1 A5 R N0 B AR AL

2 HFR5ITE

2.1 ZBRI IR R RE AT

A DA KA A, TS e IR IR NH, Fl NOy
WP . NH, H8 NAI NO, H8NAIS Oy H gk tn &
2 iR, mOUE AL R OB 4 A Y8 B 8PN
[10. 18%0,23. 71%0] ,8"0 [ 0. 56%0,11. 45%¢ ] , T i
T YL YR Y TR A 2R BE A A g 8N [ 0. 86%o,
6. 44%0 | F18"0 [ —2.55%0,5. 84%o0] , 5. Y5 H1 8 "N Al
" ORIV 2R = BB 43 A1y DX [1] 35 108 25 bt o 3ok 1T 50
15 YL

2 3 NAS[EIK SR B AT ( ST E LA L) | Ja
TC] (R W T LA ) A2 ( H I ~ XB Wi
If) Yl NO; i NAIS®O HL#%. 2014 ~2015 4EA4H
A1 A ~3 H) 28I A2 3 BE ) 434 i
H: 8N [ - 2.56%0, 11.82%0], 80 [ - 0.32%0,



72 EZ7

Bt 2% 39 #

3. 13%0] 7K (4 ~5 A ,10 H) [R5 2 =F B3 [
SRS EN [ -3.31%o0,14. 42%0] ,8"0 [ - 1. 17%o,
3.02%0] , F KW (6 ~9 H) L [ 4 5 K "N

PR N E R T AR R R 2 "N i
P ) A AP P 398 vl i 905095 e T AT g 396
J3E 525 M A TR D55 S AT, T 1S NS R Y

[ -3.87%0,6.12%0] ,5"0 [ - 7.07%0,5. 02%0] , F/K  FW/h. oI TS ORY R0 R R B4 i 1
HAATTE P UNBE AN S A Y R R B B AR A R, R DL TR YR b R 6 R R R 1 AT K
BTG G AR i B A B R A S A RS g PO EE R R i R e e K S,
£2 AEREEETHENH; ,NO; RERNFPORMEERE
Table 2 Physico-chemical and isotope composition of the samples
TiH R R /IRGIB ! AR W& T [ip
RAEEL 146 24 8 22
NH; /mg-L"" 0.38 +0.66 1.15 1. 49 0.42 0. 48 0.29 +0.24
NO; /mg-L~! 8.28 £6.86 33.32 +38. 14 2.90 £1.24 3.51 £3.67
8'"N-NH,’ /%o 6.44 +6.27 18.42 +10.28 0.20 +1.48 4.28 +0.89
3'N-NO; /%o 7.58 £9.05 15.62 +7. 64 ~0.22£1.72 3.34 +0. 14
3'%0/ %o 2.91+6.34 4.80 +3.45 18.20 +5. 44 2.63 +3.69
F3 ARKXHFIZRAESNFSOR M EF B L
Table 3 Comparison of 8"°N and 8'%0 abundance in the tributaries during various hydrological periods —
. Ji 7k i Jal37E T EXaTe—
WH K3 — —— = — 7
WMH = brifi 1 ] WM + brifi s FieAE ] HIMH = brifii S
FK i 5.78 +2.94 3.8477.42 5.88 +1.45 B3.07/7.24 5.44 £0.69 50146764
85N/ %o KA 6.97 £1.88 5.81/8.33 6.1421.32 (5087799 | 7.sax1.44 10/8/5.18
K9 8.24 +1/03 7.11/9.40 7.76+1.03 | 7.11/9:40° 9,84 +1.03 10, 8/8:224"
AR 1.92£2.05  -1.11/5:03 1.64£1.14 | -2.0574.44y | 2.84£2.09 0.94/6340
3156,/ %o R 1.88 +2.06 /| 14274, ;7"' 1.62£1.06 | [ 1.3743.86 1435 +2.98 0.94/6,40.
i ~ Mk -0.82 +1.08 f7444’ 00 0.24 £0.93 -1 59/3.14 0 70.84£0.52  0.11/1.42°
E‘ﬁﬁ?ﬁﬂ?%qﬂfﬁifﬁtﬁE L7J<ﬂ$}§!zﬂg X, m, 7%1"’%" m.@\ NH, # &% NOF
LR SEABAT P ARG A0k \ o) B E 0 A RO g, (1)
AR, R AT SN g S L (e 1, 020 W TOE K A

ﬁﬁ%%xﬁﬁﬁﬂ@ﬁ?mﬂﬁﬂimﬂﬁsw
()57 38 F B2 () S R bR o 22 1 R BLAL 0 5 1 22 5
8" ORIy 2 = 7R 2 B HH A ] (g B0 A UL A i g
TETR AL LA TR A 2 R 2 F B TR
DX PN ATRT 95 G I, 42 VAR T X TR DA R
T DX TS G BRI A KBTS PN NS 0 5 T It il 1 3=
L T 22 5
2.2 IR T A R
2.2.1 SERE

T K% ATHRIAESEIX 4 4~ WG 2006
~2012 4E TR, NOS F1 NH, 3 B Wil e ] T
SWAT FHEI BRI E 2013 ~ 2015 4F 14 Wa I 5 4
TR

E X HbRRECH

my ngj

Z ,Z (g (x,t,)

j=1 =1

Eh S NAIS ORI

6D
(10)

D([b]) = - g;(x,t

SEIX 4 AUl ) XF 2R j AN MR IIE. g (1,
[0]) JRIEASEL b ) BRI B85 23 0, 72
i]ﬁﬁ:ﬁﬂ’)ﬂi T B R A EE’JEZ&U\&”P
TS AN [ T T3 285 SR B R i

1

(11)
n;o;
b o, AR S j T WA AR HE2E. SR 2014
A5 ~12 HiEEH NH, | NO, Fllia fig Sk B LA &
NO; 8 N oMM 25 5, %=X (3), X (4). Kk

v =

(7). (&) M= (9) TS E AT &, H R Wk 4
s,
2.2.2 B NH, FINO; ¥ i R

TR BT 3 | JEAE VAT K2 i, A8 VR DX S i
2013 ~2015 AFERIARIR I IR NH, A1 NO, WRJE
AR LR 2 FR. 43002k HI2R ] Nash-Sutcliffe
REE, XTI MR R, M2 F, AR
MR F A 4 AR RR YT SWAT B NH, Al



TR, BT SWAT M EY B 3 I nT 18 A PR R S

ENFIS O 73

NO; e LA K 8 "N ANS ORISR HEA T VRN

S0, -p)
E=1-“"+—— (12)
Z(o - 0)?
J_ 0 —P (13)
—Ot
|
Fe __Z(P 0/ (15)
i, 0, FP, 4351 ¢ B2 W E AR, 0K

WEIMEL AR, n I S8 H. Fy TR
EREMEZ B0 R G R 2, R, A Fy H T
PUEFNEIE R M 2ZE R, E XL SR A R
HEATVEHY.

SWAT #E4l NH, FIl NO; HIIPAF6RingE 5 fr
k. NH; FINO; ) E fiiid 0. 85, WK A4S
BRI PR 2%, NH, FINO; 9 F, (f1E

x4 KESH
Table 4 Model parameters

S8 e
aN—I\H4* 1. 008 1
AN-NOy 1.0132
a()—N(); 1.0153
ky 0.1~0.5d""
k., 0.01 ~0.02 d!
Kiann 0.18 ~0.24 mg-L !
Kiano; 0.62~1.24 mg-L"'

NH,” #1 NO,; BHUEAX R 2E F, R EIR2E Fy
I HEAE A T 0.15 ~ 0.30 Z ], 3% BB S0UH5 2 R
ﬁ%[m].
2.3 Ju[iA NO; AYS NAIS ORI HT

L2014 4F12 A 1 HEYNO; Ha"NAIS "ol 2 {E
RS R R 4 TS AE SWAT BB il
I K SCI A ST DL 1 T3 e [ (3 22 R (7
TRt 2. % A SWAT #5490l NH,” #1 NO; -%U“ it T
IR 2R EE RS2 K NH, A1 NO, e piESE ;&{W {‘%ﬁ/ﬁﬁ
A, XTtM%UTEE? SWAT 4Ll NH,, il Nog [ 4

% LA BN 75 U FEBITESALIML A NS Xoffﬁma%mf%maﬁum <
= x5 NH NQCY3 N alﬁvfuslso*ﬁmw%mﬁ W 4 ‘
- "I “  Table 5 Indexei to juannﬁﬁm act‘uracy of the simulated NH , NOy , 615 N}andr 3'%0
miEs 4§ E , TR, AP #p
NH/f 3 o847 L/ W 0.0051 1014 0.040
NO;| 0.902 " 0,077 0.149 ~0.052
’: oy o C0.717/0. 74400 0105400112 0.202/0. 194 0.084/0.079

prod 0.692/0. 641 _0:175/0. 114 0.287/0. 249 ~0.102/ ~0. 098

DRV HUFE’J{Hﬁ%'HJH%E%U FORAIFET NH FINO;  SEilve B2 AU B SE SR AT F5 4

RIS I [ 1A 1 (a) J3NAIS O
AL RTS8 R LA &l 3 s, "I LAER
K NH, FlNO; ¥ B S ASEAUL ) [ 457 Z0KG B s
PROETF T SWAT BLRIZE . #I L NH, Al NO;
W SCIMELAE Wi A, FE T SWAT BB 8N
F18"0AY Nash-Sutcliffe %X E, FHXT I AR IR 2 Ry,
AEX R 2E Fy ARG SR 2% Fy 433N 1 2.47%
4.84% . 5.16% F1 6. 44% . FLF SWAT FLil NO;
(R ENFTO RV 28 Mk B AR A i 15 25 R ZORIE T 3 4
J7 T NH, F1 NO; e B2 AU A1 S0 A 22 (8] () 45
PRz, FET AR F MR IR ZE,; TS5
HTE SR SRS TR T 23R i R R e ki
A7 2% 5B A I R 5 S BRI O i 22 i i W 1
BEAR 2 5 DL RO R rpoly &5 F il sis 1) 3 B2 1 42
THEVE AR A SRS BR b & AP AR T R R

FREAE—EEHR N AL, WA — 2 R LR AR
TR

T v [ 407 28 3 B 0 72 A o A7 SIS [ R B [
M RBIR, VIS FE AL FE A 43R VE TR 52 AR 45
T ST v R R S AR B R
AN QIR BB IR AE L, B R G iR 22/ F
10% ,FHXT 5 AR 22 /N T 15% LA, 76 i 387K SC
SRR NH, FINO, ¥ B i A VAR 45 SR AN
RYGAmMZER ST, 0% 58 B[R R =F B R S
ZEI .

LA 3 MR 5 a1, S N Ay R LK B A4 s
T3 ORYMEIURE B , AH LE N AR B | PO A8 A X 152
ZEVIIEIN 18. 72% . KA IR RAE T ORI T AN
15 YL YR Y O 7AE Ak BBl 1 N B AR AR S R A
R NO; #1980 AZfk i H A 28.62% ~



74 7 R S 39 %
100.00 —
(a) R 30 5 3
10.00 F
% L
/0 f}
T J/'.__."r
El ] ‘
E 100} ¥ 15
=
k> ¥ o
5 : AT
0.10 : — SWATHHINO; He s #
+ HEMINOs )i
SWATHUINH, e i
o HEMINH, e g
0.01 . . h .
2012-10-18 2013-05-06 2013-11-22  2014-06-10 2014-12-27 2015-07-15  2016-01-31
100.00
(b) B ] e v
10.00 |
o
[=I1]
E 100}
=l
#
0.10 -5
0.01 . . .
2012-10-18 2013-05-06 2013-11-22  2014-06-10 2014-12-27 2015-07-15  2016-01-31
100.00
(c) SRR AR e b
10.00 F =
o
(=]
E 100}
=)
®
0.10 |
0.01 . . .
2012-10-18 2013-05-06 2013-11-22  2014-06-10 2014-12-27 2015-07-15  2016-01-31

H (-H-H)
E2 2013 ~2015 F£MBAKA, BIZANEZZAHBRIRREEMERSINERLLE
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