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Abstract: In this study, the ShuiKou Reservoir (SR) in the Min River Basin and its upstream inflows (T1~T3) were selected as the
research area. The Bayesian Isotope Mixing Model (MixSIAR) was employed to conduct source apportionment of nitrate
contributions during both non-flood and flood seasons. Two approaches were implemented: conventional nitrate nitrogen-oxygen
isotopes and a newly developed "water hydrogen-oxygen stable isotope-nitrate concentration" method. The results from both
methods were validated through a complete mixing model and the deviation information criterion (DIC) values from MixSIAR. The
findings revealed that nitrate nitrogen concentrations in non-flood seasons exceeded those in flood seasons. Among the upstream
inflows, the Shaxi River (T3), which is adjacent to an industrial area and has the highest proportion of construction land in its vicinity,
demonstrated the most severe nitrate pollution. During flood seasons, a decline of 3'®0-NOj;™ values in T3and SR were observed,
alongside a reduction in both water 8'%0-H,0 and 8D-H,O values within the entire research area. The results indicated that rainfall
with lower 8'%0-H,0 and 8D-H,O signatures brought pollutants with lower '30-NO;" to the research area. Secondly, both methods
showed comparable source apportionment results during flood seasons (maximum error 13.04%), but exhibited significant
discrepancies in non-flood seasons. Conventional isotope analysis under Ofractionation yielded contributions: T2 (49.4%) > T3
(26.1%) > T1 (24.5%), whereas the new method indicated: T3 (44.8%) > T1 (29.6%) > T2 (25.6%). Thirdly, the novel method
demonstrated superior reliability, with lower DIC than those obtained using conventional methods under different fractionation. The
nitrate concentration errors validated by the complete mixing model at merely 1.22% (flood season) and 0.89% (non-flood season).
Those further confirmed its highest credibility. This methodology shows potential for extension to other pollutant source tracking
studies, providing solution for watershed water quantity-quality integration and pollution control management.
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W +£0.09 +0.08 +0.10 +0.07 +0.07 +0.04
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Fig.6  Spatial distribution of 8D-H,O and §'*0-H,O in the

study area
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Table 3  Validating source tracing results via a fully mixed

model with isotopic and pollutant concentrations

RS Y
RS W &
febr ST R SKE R
JR JR
U meny w T (me) (%)
(mg/L) (mg/L)
NO; 1.13 1.12 0.89 0.81 0.82 1.22
TN 143 1.31 9.16 1.39 1.39 0.00
NO, 0.033 0.031 6.45 0.031 0.035 11.43
Cl 9.11 9.11 0.00 8.91 7.54 18.17
F 0.80 091 12.09 0.83 0.88 5.68
K* 1.86 1.75 6.29 5.35 5.45 1.83
Mg* 299 2.92 2.40 2.47 2.28 8.33
Ca** 9.82 9.06 8.39 6.54 6.06 7.92

2.4 JKESARE FIAL 329 R s ik i v
H1Z% 4 750 (TN ARV T3 r Ak e
e TIUY] T2 s 94 B2 i ey VTSI B A AR T AR Y,
AR BE B /N SR R A AE ARV ATV 34 Ak T
SRR NOy W BB, A A G Fl /N AR 55 U
HT3 R LR S 2 ey TS A s v - AR YUK
PR v ARG K S 1 (CTT i LRk L AR ¢
AR, T20 T3+ SR RUALH . i AR A1 AT Wi,
JI AR AR T AR UYL F IR B AR, AR A6 T3
AL AE P AN RAE YT P i 8 159 e vy 52 o T il AR L
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YRS Yesemi K. T2, T3. SR FALVINIK B &
F T AR Mg I R AR A R T A T R
TI.Ca® ARV oA S5 1 8 v TR0, T3 S 9K S
ALK,

M2 3 AT ALAE ALY S G s e i A v,

AR5 1) B RAHRT IR 2224 18.17% (I C1), v
NO, FEHEI F 2 11.43%F1 12.09%, H 4375 441
AR ZE AN T 10%(0.00~9.16%), 3 W 1% J7 7276 H:
A5 Py (IR AE T A AR B AR R 22 2 A%
Lo SREODNASER I

F 4 MRXGAEMEAFRAE AT EIRE (mg/L)

Table 4 Concentrations of additional pollutants in the study area during non—flood and flood seasons(mg/L)

KAL) A N NO, Cr F K Mg Ca*
Tl 1.12+0.02 0.017+0.001 4.0620.16 0.67+0.01 1.130.10 2.93+0.02 8.03+1.18
—_— T2 1.3120.02 0.0330.001 11.09+1.31 0.75+0.07 1.23+0.01 2.75+0.01 7.5240.42
T3 1.79+0.01 0.0460.001 11.92+1.47 0.95+0.20 2.95+0.08 3.2240.01 13.01:0.26
SR 1.3120.02 0.031::0.000 9.11+0.30 0.91+0.01 1.75+0.26 2.92+0.07 9.06+0.83
Tl 1.16£0.12 0.024+0.001 5.84+0.06 0.78+0.07 2.30+0.20 2.410.04 5.35+0.54
_— T2 1.54+0.06 0.030+0.003 10.27+0.88 0.820.08 6.13+0.49 2.31£0.11 6.75+0.42
T3 1.34+0.01 0.037£0.000 9.36+0.65 0.90£0.07 6.69:0.49 2.78+0.08 7.24+1.41
SR 1.39+0.06 0.035+0.001 7.54+0.59 0.88+0.11 5.46+0.57 2.27+0.18 6.05+0.51
3 it SEATR A AR IS UE 1Y) 45 R — 3L

3. PRRIIE T VA LR

PRI TR T MixSIAR A5 L3I, HoAwE 7Y
PG BCRFRRR DIC 1 ] PEAk 45 R T SR (B 7),
Bl 7 n g A R A R U U AU R 3 B SR A T,
AN 0 2384 T DIC 435k (127.4+
5.7) F1(84.049.1),1:2 43 YL 4& 1 & 4 (145.9+3.0) I
(105.3+6.3),1:1 244 A (153.1+3.3) Fl(116.1+
6.7).1:2 73 18A 1:1 4318 DIC % 0 /3 i 415 F i 2% 41
=1 (P<0.01.P <0.05)(&l 7), 3 W [AIA7 28 70 W AN
P s T2 R BT AT IR (R oA 52, 45 5 2.2 RS X R
KA AR LA E R EC 0 RIS T
I K SRR 2 A 2 AR AR DIC &
WA (113.426.8)F1(66.3£14.0), 558 0 22344 N KT
W R R A RRE R AU 4 i IR (P<0.05). Kim ¥ 7E
SIAR A4 DIC {EH 7T h &t 2 ok ARuz 55 15
F /N DIC 15 (239.11), /K & 5 K4 58 [ 4 2 11
MixSIAR 7 A 1) DIC 2 HH HLRARUR 3 4, /K
SR 35 DX 20 AN (R SR Y Bt 7 i B A B s 1
He g P 328 UL IR A R T R T
IFil 7. 25 B0 (101X 23 1 100 i 7 U 4R RV 25 4 AL )
f] B A S S BT, B R AN v S B AR
(1) DIC AEAMC TR0, & BIAUIH AT B 22 A0
R R B, DR AR Y Fg 0 £ Ot B ) 55

E oo m E AR e Ffr &
B 1: 24 e e e ke R
1: 1R A R AR RN R
ok 2 ka8t e R

160 | 1k
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SR FH 7K SRR R 25— R U 55 1) oK k)
PR 0 MEAE PG EIR R R AR 2 R
FIIEAE I B 5 LT 4, R H (7)) L
PR AN ) R0 7 VR AT ARG 5 ZE 0 B A6 R 2
I KA 13.04%. AR 772 IR 45 AT R
7 5 K G AR [ 25— IR 2Lk B 1 R 45 R 4
T3(44.8%)>T1(29.6%)>T2(25.6%),if 0 43Ha5AE T
IH R AR AR E R BRI &5 o T2 (55.8%)>
T1(23.4%)>T3(20.8%), K HI xX(7) T 55 1) i Aofr 9 052 45
X RZE N 20.95%~117.9%. T A0 5% 57 2 1
TG EURRE [F) A7 25— IR Z AR B W g v 4 R vl R
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H 58 AR AR REA T I8 UL, k- TR e VR
AL 56 U AR PRI K FE A IR SR 22 A 0.89%, 1T iF

RERA A, A5 FE T8 R P 0 B 5 LA S i X Lok
PPAG A EIPEI L S5ERSE KAk 2 F bR S0 A R A
BRI W &5 B AR SEPE N 0.78;Scanlon 214
A5 FH A ) 5 4R 6 A TR A AR (R A7 2R T A
e e, I [T 2% T 1R ANV v G ik 2 5 A JIE
it FH B A5 4K, 3 A 6 (R?=0.71). Wang 2511 5%
MixSIAR 5 IsoSource A5 i, S04 [ A7 25 Al 71
MixSIAR H 230 H SEAC 0 38 7 R 8 22 3R W AU
AR A A S b Y b T VA AR R 05 45
I 5 25 S, “OKE A RRUE R RN RO FE 7
(AP R 56 24 TR 5 A5 2R 60 F PRI 358 22 ] 3R B 1%
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BT AR AER PR 22
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A A R S0 R 22 3 05 J2 (PAHS) () R U3k
7 T VUL I 5E 42 A HIEFEAT 16 i PAHS, 1% 75
V2 0 D KR B30 S I T 37 58 35 1 AN b v i 4
U A MR ZE R, AR FUAN. 4 A S IR B KA
Toik ST G Je IR AR S0 WU . Song 251 IE 4
W o3 fif ik, 45 OB 5 G 38 AR 1 G 2= I
BT PMys BEAT WU, F AR BT &5 52 2 i N AR ot
i B T LS DR B R e A DR 2R ) R e A7 A
AT G P, LR B st — ol 3 I R e 2 A A T
HEWT ) 532, L 45 BTGV LI E, [ At 50 AL
P B F VAT A BRI 8, OF AR Tk el i o
SR LRI 45 AT RFFIGAE . Zachery 25148
) V5 B D5 e PR TR WA Vs AT S AR s B, 9
WA TG 7K S A ARG P AE = PUrE IR, Ak
IKG FREETE e vtk th T E BT ) 2 i . pH
B A5 52 ) FR e 5 DR AT 8 SR 9, ] s s 2 00 73
AT AR B8 vy, K SRR R 35 T RS, o AT AR
8K T A ) v 3 M A

B oK S SURRUE R 3% (R 95 AN BURT B
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V5 RN, AR U — PR =i Gl 1
PETE IR EARE AL 3R AN 5) 3 0 WS i A F AR
F rh RS A7 A T B i SRR/ IE R 0 il
Z Wi A B 2 A LR S RF K S S ARE R 3 -7
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(K1 ZK Y RAT DU AR T D I Ay G0 98005 14
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15.35%, 75 15 R FUI0 5 fr 400 3k Ak T AR 11 9% 22 i
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4 Zhg
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