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5 e 95%Y, fEMREHIK At . g A ST, Kk
JE At e GRS T R FE B RAE . AR A KK Hh ()
HH/INTRY KPR X THT YR VS G B ZE 1 AR TE D R, ARKIX
PR R 2h Y5 Y 2 M SR . RO AR L ARt 7 5 A =
WA SRR A R, HAERME Ek. Bl
Py ARG Y R A AR R K R U DU RS R £ 0
TR 2 R T o — B R FE K SCE LT, A
[ RS TR A SR U BT R 25 5 o A 220, bk b AR . SR A
R A2 90 S5 4R TR B WL K SO R 5 0 25 FE A AT

Rk,  AHIFFUAE 8 BRSO LR b, [R5 8
I PR o R A B R A IR AR R, T
A8 Ik A R R AR A T 9. X DAY R TR s
IKEEFASCA T X, it R 5 AN H 1 e DX RN J2E T
WK R BIKARFE S, W A e bR . KIS T
PLR R R 6 I R A AL & (8"°N-NOy. 8'°0-NOy), 45
A MixSIAR 7 B R AN R 5 11 5 2295 Gk s L H Tk,
DAA R Al [X e 7Is 1 7K P s TR 75 4 R0 05 Sk 7 4% AR 5k
IKIR TR BRER AR} 22 i

1 MR5E%

1.1 fARXEDR

FRIE/KIE (36°11'12"N ~ 36°15'02"N, 117°5128"E ~
117°573"E) 755 Fg AN IX AR5 SO ] b (& 1D,
T BEEE T BR BT . W K. RO SR AR B
IR PR o T I KPR AL I8 TR iR R o A 2 R X
LK EN 750 mm 47, H KRB 7E
W, 5 EFEREKER 70%~80%. 7K JZ 4 il ¥t 45 1 A7
85 km?, MFFE 2 2000 5 m’, EJEZ 2799 /i m®, E
BB R T 3 I8 XK 3 2 th X k7K . 2023 AE TR 7K
JEAAERKE N 1288 5 m®, Hh ik E N 1232.63
Fmd, RN E N 39 5 m’e AKERIEAL TR L g
X, LHURIHRB DR . ARHb AR O, AN
B 90% LA (B 1b) o BFFEX Ak K2 W AN T8 &
I BERR Rl LA JLAFE K T AR MR ) ool be, #f b
RAEVLIAEAE . IO, JaEA FORF/NEE FidE
1.2 #HRRESHH

MR AR A K RIFFAE, 256 T80 YR 70 A0 DL S Lt
PGS, @I ar B A, 7ERF X E 16 S RAE
Moo HRRECR A S8 QLl~Q12, K EERFE RN
Al~A4, KFE AT 1a. 25 EAS [R] 7K SCHA X [
W5 R S, 3 IAE 2023 4E 1 H O GUKEID, 3
H GHEBED, 6 H GRETHD), 8 3 (F KD, 11
HCRiKED B BOEATREE, WK 2 s, K1 AR
B IS, HRAMBRE 16 ME, BRMELIE
BEMAE RGN — MR NI EERE, Bl EER
MIAHRHRZETE 10% BAPY

TEAN[FERAE s KA KT R 0.5 m ZbHI7KFE 1L, Bildg
S FEHE UK RS EA M /KA 7K (water temperature,
WT). pH{H. %% (dissolved oxygen, DO). H 5
# (electrical conductance, EC) ZFALIEFR.

® KFf AiSampling point
e T River

[y " o
Elevation/m |:| TF 5 7K B i 38 Qiaodian
|}

Reservoir basin

7k 7K JE Qiaodian

Reservoir

a. RAE AT

a. Distribution of sampling sites

[ #HHhCropland [ #R 1 Forest land

[ % HhGrassland [ /K3 Water
I KR i Unutilized land

- W2 JE R
Urban and rural residential land

b. I 27
b. Land use types
B 1 B R AR E A A A £ A
Fig.1 Distribution of sampling sites and land use types in the
study area

o 1 2 4 km

- -7k Water level mm [%7K £ Precipitation o KA [8]Sampling time

296 0
20
292 0
288 60
30
284 100
1
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276

recipitation/mm
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B2 AR 2023 FHEKTAZ B E K EKE T &
Fig.2 Precipitation in the study area in 2023 and water level
change curve of Qiaodian Reservoir

IKFELR 0.45 pm (P8R I 8 J5 28 N 250 ml 2R 2% R
i, ET 4 °C RIBFAHP R, ARSI = AT
M. HA KA T (KT Ca®'s Na's Mg M
BB (CIAT SO %) i Fl B 7 i 3% {X  (1CS-600,
Dionex) Wl 72, HCO, K FH H it & - FF 225 48 ¥ o2 v 000 5 o
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SE (Total nitrogen, TN) « ASEREE & (NO,-N) . A&

(NH;-ND RS > 7R UscE 132 (GMA 376, Jbif
2R MIE o

i FH [ 47 % 57 % 4% (MAT253, Thermo Fisher) il

SE TR Eh B ER A7 8°N-NO, 1 6'%0-NO,, kA%

MR ZE XN 0.2%00  [RIALZ AR LLAEAR Y 0 (1D 1HE:

6= ([Rpeg/Rizs] - 1) % 1 000%o0 (D

AN o (B F R BE S R PR R A7 2 B A AR G T 3 — hm v Xt
7 EEA B AR S T70 22, Ry g B i RAR AERE i oy B[R] 2
ZERAMERMEAE, BONMN R0/ Ry R briE
FEgh E R R SRR K. RIFEA R RS
N, NS bR, ARN R DLEHGPRIEIiE/K (Vienna
standard mean ocean water, V-SMOW) ~AZHBFrifE .
1.3 WA RBEEAERIR

T R 6 1 0 TR 2 A R AE AN 32 FR IR A 52
WS R T R P BT o A A A 2 S e [ R
HAAER . RASAE SRS 5 iR FAL R 018, IR
i ) o7 2% 2l 427, L P AR AR A IR B B R R AR
WK 5 FAL R RIS B o 3

TE Al 4 ok B2 A, AR 0% K R I NHLN B2 4L N
NO,-N, ffH NO,-N 1ty NO,-N, fHAAFE FH A= B i)
IR AR A 13 RETAS, 2/3 RIEF K,

AN T 10 SRS AGAE F DR NOy-N #46 N, Bk
N,O, Wil FEAAE (YN0 SRR,
S8 6N M 80 M TE SRS ALAE FH R B NO,-N ¢ B 389
MR, CAM ARV, BE In(NOy-N) [/, Sl
1 AE AT AR AE 8 °N-NO, Al 8" 0-NO, 1% £k ML 4 i,
R (3PN KEE 1.3~2.1 2 AP, embfb i
Gk R 04 TR 28 43 T 3 R 43, T R 3 R R
WA A A 75 A R A R -

§"N-NOj = &ln(NO;-N)+5"N, (2

*=1
Table 1

§"*0 —NO; = eln(NO; -N)+5"0, 3)
A 8N, F1 80, 7 IR B AR R )4l

HAE, %o; eNE LR
1.4 MixSIAR NMHERE &&HY

HEF RIET (v43.1) F1 MixSIAR X 7t [X 7K
PRTHIR Eh5 Qe RIE I TRk R 2 T 24k . BIRRE AT

K
Xi; = Zpk(sjk"'c_/k)"'é‘ij

Y
k=1
SjkNN(ujInW?k) (5)
CjkNN(/ljk,Tik) (6)
gjkNN(O,O'fk) 7
X X, RIBER i FEALEjE (=123, ... N,

J=1.2.3, .., D5 p RIE EFITTERR (k=1. 2. 3..K),
H MixSIAR #E R H 545 s S, AU & [FAL 3 A,
M SBMER . FRUEZEN 0, BIERS AT Cy /28 k
HEALE j R REL RACFIMER 4 HEZER 1,
WIES AN e, R, RRAFIFE T Z 0 R BEH E I
i, HMCFIIERN 0. AREZER o HIEZS AP

2 GER55H

KA ZEAFIE

HIF 50 X K AR BRI K B FR b 7K Ak 2 B 4 B FE 4 it
RN 1. AFER AR KRB WG EN 0.4~31C, 1
UKEF A KRB B F S0 XK AR AR S 51, pHfE
TEAN [A] B B2 30 A oK 3t B>V B> R B> Al 7K B> 7K
M. BEYE B E R (total dissolved solids, TDS) I A
T R At 7K > 0K 3 B> >R K . 7K AR B B 1k
FE i R R0 24 HCO, >80, >C1>CO,™,  BH B 7 ik 5 1)
JIFE A Ca* feim, KHefik, Na'5 Mg BN

2.1

TR KRR S

Physico-chemical parameters of water bodies in different periods

\ . BT : 7!
I\)j 1 Wi H _ _ %i{&ﬁf Ionzzjoncentraflon/(mg Lz_) - _ ™ DS pH 14 — EC/,I

onth Item K Na Ca Mg Cl SO, HCO, NO; pH value (uS-cm™)
SN 5.89 12.6 924 15.7 29.2 76.8 236 8.15 8.62 388 11.86 5.3 534

1 ¥ 4.92 10.7 589 1138 222 61.88 146 3.83 452 268 9.95 3.05 382
/M 4.17 8.49 35.7 8.22 18.2 443 86.8 0.58 131 187 7.39 0.4 244
PN E 3.8 16 97.3 13.5 29.2 73.8 239 8.86 8.98  458.68 10.85 16.7 573

3 ¥ 2.07 11.92 60.58 981 2219  57.97 141 3.51 407 30925 9.5 11.52 374
/M 1.05 10.1 38.2 7.5 10.9 473 80.6 0.97 1.67 229.1 8.56 6.2 261
SN} 455 19.9 115 16 31.9 75.3 304 6.79 97 406 9.71 28.1 581

6 WiE 2.23 13.55 60.49 1048  20.81 55.98 161 1.9 2.83 2563 8.82 24.78 358
i /ME 0.89 11 39.5 7.98 10.6 41.5 120 0.08 0.14 184 7.88 13.8 250
SN 5.41 14.3 90.8 12.7 20.9 543 238 6.53 6.45 344 9.31 31 465

8 ¥ 3.19 11.57 46.63  9.68  17.05  43.93 121.5 3.57 412 213 8.65 27.92 289
i /IME 1.49 7.1 25.9 6.05 11.3 22.2 72 1.38 187 176 7.82 23.8 168
SN 6.14 14.2 99 15.6 32.1 66.3 252 8.57 8.8 462 9.45 14.0 597

11 ¥IE 2.67 10.95 52.88 1043  20.04 49 146 2.54 31 292 8.81 10.22 368
e /ME 1.23 7.57 36 7.8 10.7 30.8 94.4 0.56 02 214 7.74 5.3 259

i TN SR TDS AETEME AR WT Jkil; EC AR,

Note: TN is total nitrogen; TDS is total dissolved solids; WT is water temperature; EC is electrical conductivity.

2.2 IKUEFRBK BT RIRRET
Piper = £ BT UL 7K Hh i A Jo2 3804 PR AR X 2 52

WK R B B (K AL R AES Y el 3 B,

FCXAN A B AR AL A S R B e, Hrp T SR
SPARAE Ca®'dii, BB 4E h Ah A 7E HCO, 0, WK o
RHBHE TN Ca™, AP TR HCOy, H UG 80,7
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i

Rl 7K Ak 228 PL HCO,-SO,-Ca B g 32, Ak FAREL T
TRAR F BLAZ BB IR £h 5 1 R AL VA i, A BRIR R I
wz5.

H#Month
|l

B 3 HFR X KAK Piper B

Fig.3 Piper diagram of water bodies in the study area

Gibbs B2 5E 1 73 B K Ak 27 f DR (1) — Folh 26 B2 F B,
SRKAYIRER, ZERIRAER . B KA = 09,
WF 58 X KA CI /(CI +HCOyY) HuAE 48k £ B T Gibbs
e (B 4>, RULFHE 7Ry EERIE T A4
RALAEF, 52 KA B KRN 28 R IRAE MR B . KPR 1)
Na' /(Na'+Ca®") LAl KB 5012 F Gibbs 22 M i, o
8 HFEfUh M KA S HAEMH, R T B F2ZRIE
FAARIAER, TEFKIINKEING, 32/KAMHEAE
F 58
2.3 THERELREE AR ZEAY T AT

IF 58 X 7K AR TN AT NO, =N I 2 A8 4k, 38 B 43 51 M
0.14~9.7. 0.08~8.86 mg/L. FIJIKEZEH XM N 1 H>8
A>3 A>11 A>6 H. & H TNFXKE 5 5 h 4.52.
4.12. 4.07. 3.10. 2.83mg/L, NO,-NF 13k & 3.83.
3.57. 3.51. 2.54. 1.90 mg/L, TN #KEH 82%. [k,
NO;-N Wt A XK h i iR B R i EERAFTE A .
K5 arE, AR, TN 5 NOy-N WK AR A5 AE
BB EUKEN . R PL A KB NOy™-N iRk i
LY

I E B, Q3~Q6 it B ) NOy-N ¥k FE1E Q6
E, fE QS FEMK, 7 Q3. Q4 S EF, FIAFEN Q2K
FEREAR, Ak BRI o AR FE 38 i S s . 7R
UKEHIAT=E KBTI Q7~Q9 Tl BE NOy-N ¥ 5 5 il Sl 4
I R, AR TR I LB ) NOy-N K &
BB NS . AR E Q3~Q6 i Bt NO,-N ik &
()25 8] A8 Ak 22 S e R, QI1~ Q12 Yl i BE 1) 2 1) AR Ak
Fha, TR NOy-N KB T X .

105 ¢

104 F

S

TR S PR TDS/(mg L)
S

s

10(\
0 0.2 0.4 0.6 0.8 1.0

Na*/(Na*+Ca?")
a. /KAL2241 9 Nat/(Na*+Ca2) 5 TDS % &
a. Na"/(Na™+Ca?") vs TDS of hydrochemical compositions

105 r
_—
H fixMonth -~ < \
([)]:15 _rs R{;&'O“ ]
o X
104 F A(Sy ~ a %‘i@“‘i‘\& /
= v N
O ol £ &
=
g
@ 10°F
[ R N
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= o e ﬁ; ~
= <ng, o
P cry, OCk fos N
* e, N
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Lee
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B4 A5 X KK Gibbs B
Fig.4 Gibbs diagram of water bodies in the study area

HtiMonth [_J1  []3

TN/(mg-L™")

H

Al A2 A3 A4 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10QI1QI2
KA i Sampling points
a. MK
a.TN concentration

NO; -N/(L-gm™)
(=)}

Al A2 3 A4 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 QY QI0QIIQI2
KAF: £ Sampling points
b. PR e
b. NO; -N concentration
A5 RS E TN F2 NOy-N 4 4E
Fig.5 Characteristics of TN and NO;™-N in the study area at
different periods

SR, KR 8 N-NO,F 418 MK B /MK
BiHl (9.61%0) « THELH (9.11%0) « AliZKH] (8.1%0) -
VKB (7.18%0) « FKEA (6.04%0) ; 8'50-NO, 4 1H
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KINHATH (9.52%0) « Fhi/KIHA (4.25%0) « F KM
(3.74%0) « VKEH] (3.46%0)  JHELH] (1.96%0) . AJ
LA, AFEE Y §N-NO, 1 8" 0-NO, ™ 1# 2 ya [H A 1k
WK, RUITHIR R AIRIEA B B —1,
2.4  FHBEREL SRR E IR A
Cl2—FRsFEF, | 2T RBAKAEF, FIH
NO,/CIEE /Rt 5 CITf 2% & R 18 /K Hh i R &k >R V5 (1)
Jiik, BT R — B, B E S TEK
BN 2z 5 R KA CIVR FE T 1T NOs/CBE /R LU AB BRI,
gl i N 2= 5l CIk BE B I 1 NO,/CIEE /R e AR T
PO K 6a 8 H 2 BORE S CIIK K HL NOy
JCUBE /R b v, AZ IR 7K o N, 32 A% b B N 1) 52 i
K. 6 HEAFE S NOy/CUBE R LG, W] IX LLpt:
ANO, AT RE A 3R AN A T

100 -
(STZIZN H #fiMonth
Agricultural input I
® 3
.2 Veo® A
g v WvV‘.p 6
5 10 | v ‘ oo v
= o 3 i- e 11
A
5 it
% ¢ ;" T 557K
#h A nle Manure and sewage
Q 102 TR
o Soil nitrogen
Z A
A
A
10 L !
0.1 1 10
Cl'/(mmol-L™)
a. NOy/CI-JE/R L 5 CIfI R &
a. NO;/Cl-molar ratio versus Cl
80r Af/Monthx 1 ® 3 A4 60 8V 1l

f=)
[=}

50-NO3/%0
S~
(=]

]
[=}

0F

-15 -10 -5 0 5 10 15 20 25 30
IN-NO;3/%o
b. MR A AR RALR
b. Nitrate nitrogen and oxygen isotope relationships
¥F: NAP FoR KPR HINOG : SN R L3R FN FoRM L NO;
MS FIRFHE 5T57K: NFP LR JERHI K (K] NH4+.
Note: NAP denotes NO3 in atmospheric deposition; SN denotes soil nitrogen;
FN denotes fertilizers NO;; MS denotes manure and sewage; NFP denotes
NH4+ in fertilizer and precipitation.

B 6 AHER kR IRIAR
Fig.6 Identification of nitrate sources
THER 35 (N AP0 [A 47 3= 2 B AR A AR S R B, i
i 2 AT R 2 SR LA K U A b 2 R4 BT AN
TR SRR VR A A F i R R Rk, Sk A KD
RS R 2R 8N-NO, 1 8"0-NO, 8 Bl 43 51 9 —13 %0~
13%0/11 25%0~70060, HAEHHHERERA 5" N-NO, 1 8'*0-NOy
70 FEL 23 591 N —6%0~ 6% 11 17%0~ 25%0, NERFFIFEAK . 1+

R M 5 35 K bR R £ §"0-NOLTE Bl N
—5%0~15%o0, 8" N-NO; 7 Fl 53 5l H—9%0~5%0+ 0~ 8%o-+
4%0~25%0" 7, B 6b Firan, T A AN FE KRR A
1 S0 R 2R B A0 15, 100 A I T A B 0 P 4 T R VR
BONSE A, A3 R TER SR SRR (1 DTk A5 RLAF AR K
ZESE o UKE ALK 2 HORE s R A RN R A 7E LA
I FEAF 595 7K X TR P 5 Y8 A S0 AT 7K 3 K 22 B0RE S5 i
AR R AR S5 KGR N, DB AR LR
XA, FHATHIA 8"°0-NOS(E I & i T FiAth 4 AN, %
B RS0 S 1Z I K R RS R 3L i sk o o B . R
AREAE 6 H PR R AH Ll vkE R Al L4 B35 K,
2 KPR B, KA DR R IR 3 1 s ma 2 71 .
FAKIARA L FoAth 4 A3, SRR A7 26 43 A0 7E L3 R0
A RETE A PO RE S8 0. RIAYE MBI E, KREWK
ORI 35, AR R AR AR NI X R

T 98 XK AR RE i B 8 N-NO, 1l 7E T BT 1 e v, 76 R
KIAEAR, WA TREENES . KA
5455 K IR A R m AR, #WidE, kAN
LRI FE 7K R NH, 6 7 XA BR AR I B (R R 2 T BN
BERIRZ, Q1 S7E 1 A, 3 ARS8 A8 N H AE/,
23 5 9—0.48%0 1.09%0F1—2.57%0. Q1 & F i N E K 7
WA, T 8N fis JedifEi, HARYE WANG 0
RO FT, SR DX AR AR 7 81N BIE /N T A X,
BRI AS [ 9 Q1 A 8N AR

RRTE, B FC XA [R] K S R R 3k 95 G IR A7 A
WEFENAEN. EHENRERD, AKUMR M2 17 ki
FAS K AR R 3h T BEORVR T 3R E S5 0K, Rz 3
R IE R, B KRR R E, BN E5RTT
- EURIAb AE X BIF 721X R % 6 A s ) (. 25 3
25 S RECEIRIRA

ME 6b HRIEH, £S5 ARG, 6 H. 8 HAI 11
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Nitrate source analysis in an agricultural basin of reservoir in hilly areas
based on hydrochemistry, nitrogen and oxygen isotopes

GAO Yixiong! , LIU Yuyu?, LIU Aihua® , WANG Hao** , WANG Xin* , JIANG Xin***,
ZHANG Baoxiang® , WEI Kaixue®

(1. School of Water Conservancy and Environment, University of Jinan, Jinan 250022, China; 2. Postdoctoral Station of Water Resources
Research Institute of Shandong Province, Jinan 250014, China; 3. Jinan Water Conservancy Engineering Service Center, Jinan 250099,
China; 4. Water Resources Research Institute of Shandong Province, Jinan 250014, China)

Abstract: Nitrate pollution is one of the major environmental issues in reservoirs. Small and medium-sized reservoirs are the
sources of drinking water more sensitive to seasonal variations in diffuse pollution. This study aims to analyze the changes in
nitrate sources in a reservoir in a hilly watershed under agricultural cultivation in different periods. The Qiaodian Reservoir
basin was selected as the study area. 16 sites were set to collect the water samples in January (freeze-up period), March
(ablation period), June (pre-flood period), August (high water period), and November (low water period) in 2023. These
samples were examined for water quality indicators, major ion compositions, and nitrogen and oxygen isotopes. Different
sources of nitrate contamination in the water and their contributions were identified using hydrochemistry analysis, the nitrogen
and oxygen isotope tracer technique, and the Bayesian stable isotope mixing model (MixSIAR). Hydrochemical analysis
showed that the hydrochemistry was dominated by the HCO;-SO,-Ca type in the study area, where the dissolution of rock
weathering seriously controlled the ionic composition. The ionic sources were enhanced by water-rock interaction during the
abundant water period. There were relatively consistent trends in the TN and NO;™-N concentrations, with NO;-N emerging as
the primary form of dissolved inorganic nitrogen. Hydrometeorological conditions, land use patterns, and anthropogenic
activities primarily contributed to the fluctuations in the nitrate concentrations. There was dry land (35.8% of the watershed
area) with various crops. Livestock farming existed in the villages, where more animal manure was applied to the farmland.
The rest types of land use were forest land and grassland, which accounted for 29.6% and 28.5% of the watershed area,
respectively. Temporally, the nitrate concentrations declined in the descending order of freeze-up period (3.83 mg/L), high
water period (3.57 mg/L), ablation period (3.51 mg/L), low water period (2.54 mg/L), pre-flood period (1.90mg/L). At the
spatial scale, NO;-N concentrations were more variable in the upper and middle reaches of the watershed, while the
downstream NO;-N concentrations were close to those in the reservoir area. The 5'°N-NO, mean values of nitrate were
9.61 %o, 9.11 %0, 8.1 %0, 7.18 %o, and 6.04 %o in the pre-flood, ablation, low water, freeze-up, and high water periods,
respectively. The 8'80-NO,” mean values of nitrate were 9.52 %o, 4.25%o, 3.74%o, 3.46%o, and 1.96 %o in the pre-flood, low
water, high water, freeze-up, and ablation periods, respectively. The range of 8'°N-NO; and §'0-NO, values varied
outstandingly in the different periods, indicating the multiple sources of nitrate. Various analyses showed that soil nitrogen,
manure, and sewage were the pivotal contributors to nitrate concentration shifts within the reservoir basin. MixSIAR model
was used to quantitatively assess the contribution rates of different nitrate sources. Nitrate was derived mainly from the soil
nitrogen, manure, and sewage during the freeze-up, ablation, and low water periods. The proportions of nitrate sources were
more consistent between the freeze-up and the low water period. Specifically, soil nitrogen contributed the highest proportion
of nitrate to the watershed, 37% and 36%, respectively. Nitrate depended on the atmospheric deposition during the pre-flood
period, accounting for 13%. There was the most severe loss of soil nitrogen during the high water period, when the highest
contribution rates of nitrate from soil nitrogen and chemical fertilizer were 41% and 31%, respectively. This finding can
provide a scientific basis for preventing and controlling surface pollution in the small and medium-sized reservoir watersheds in
hilly agricultural areas.

Keywords: nitrate; nitrogen; isotopes; source; agricultural surface pollution; MixSIAR model; Qiaodian Reservoir
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