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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Nitrate pollution in surface water is a global environmental issue, therefore identifying the source and transformation of
nitrate is fundamental to improving water quality. [Methods] To accurately identify the sources and transformation processes of
nitrate in surface water in north of Yantai city, hydrochemistry and dual isotopes of nitrate nitrogen—oxygen technologies were used
to sample and analyze surface water from different river basins, including Dagujia River, Xin'an River, Qinshui River, and Han
River. And the Bayesian isotopes mixing model MixSIAR was also used to calculate the contribution rates of various nitrate sources.
[Results] (1) The surface water in the study area is weakly alkaline, with NO, —N concentration significantly higher than NH,'~N
and NO, —N concentrations, making NO; —N is the primary nitrogen pollutant in the surface water of the study area. Only the NO, —
N concentration in Xin'an River (NO; —N<10 mg/L) fell within the national health standard for drinking water. (2) Nitrification
dominates the nitrate transformation process in the surface waters in the study area, while denitrification playing a negligible role.
(3) The output results of the MixSIAR model show that the contribution rates of nitrate sources in surface water in the study area are
as follows: sewage and manure (51.1%)>soil organic nitrogen (23.9%)>chemical fertilizer (22.9%)>atmospheric deposition (2.1%).
[Conclusions] Overall, sewage and manure have the highest contribution rate to nitrate sources in surface water in the study area,
followed by soil organic nitrogen and chemical fertilizer. Sewage and manure from anthropogenic inputs are the main sources of

nitrate pollution in the study area. Therefore, reducing discharge of sewage and manure into rivers is key to controlling pollution.

Key words: nitrogen and oxygen isotopes; nitrate; surface water; MixSIAR model; environmental geological survey engineering;
northern Yantai; Shandong Province

Highlights: Nitrate nitrogen oxygen dual isotopes and MixSIAR model were used to analyze the sources and contribution rates of
NOj; in surface water of different river basins in northern Yantai. Sewage and manure, soil organic nitrogen, and chemical fertilizer
are the main sources of NO;™ in surface water.
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N RFEEAE, 2021) 0 FHIRFRA(PN) | & (PO) FasE [F 7

1 51 5 RN — PR 7R EREOR, 5ok 45K B G bk
7. 32 7K T T2 A7 2 4 TH 6 T 1Y I5CAft FH, T B i oA At b R K AR R S Gl ok
AR I (45, 2012; Adelana et al., 2020: T8 (R34, 2022), 7R HIREL AL 72, 92
Singh and Craswell, 2021; Kim et al., 2023) ., filfREh BT BRI SRR IR SR AL LR, SR
e FE I 2 1 BOKAR BT B ek, i i At gy B BB RS I AL /K P i 192 £ 25 75 JL TR A9 T ko
AR REHS B BN Kendall et al., 2007; Zsger. (Xue et al,, 2008; HOLATF, 20145 i B FX] 1L,
4% 2021; Lorette et al., 2022; Lu et al., 2023; Saka et~ 2016; Guo et al., 2020; W LA, 2024) o DUIH [A]
al. 2023), R TS BRBCRIERAE ) Kb TR S B MIxSIAR 508 T IR, sy S 2E
CHENE R PR T e ) (GB 5749—2022) 9, 22 B (BEBL. 152 L PSS ABRE AL | Sedn i LY
UOFoK b R SR R BE NI i 10 mg/L Gl Jp NI PR, T B2 RSO (Li et al., 2022; {347
52017, S, 2020) . WA BBk RS Ve, 2023, 0F FLIVATBUR I, FUATBURIE
MRS Y, LR A T MRS RRER 0K IR, LI A 4 AT CIR BARRAT & ZORA BN T 00T, b — 2D Ak

Xt MR I R By 1 R A5 Gt TIPUNEE R AT FEE (F R4, 2024)
KA R R ok IR E AR R TTRE L L E M FRAEAR B T A AR | AT ROK S5 i

Sl AT AETETS K AZEAEAE, ARPRIER SRR R EABOKBHIRZ — (FRIFAE, 2016) o JAFk, B A
ANERY 6N I 6"°0 FRAE(E (FRARERSE, 2016; £ B AT HRE A RAIN 0 B4, K BEIER]
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KRBT R HL AR 2% . A WF R R, M A A ke
7 H ] KT R AKGR B T AU B SRRk
A CEMDGFNIEL, 2020), 2004 AT e i J A
F5 ey (0 R U8 v AT A o AR SCRUI £ A6 R
S Al | gL YOI DU JE R g R4, R
SR ER A (PN) | S ("0 F& A2 [l Z Al MixSIAR A5
W, 4 A AR A2, BRI 6 AL 2Rk
TSR 515 Yook U B FL Tk 2R, LUy b K 11975 e
Biii KoK BEIR AR LR 2 A AR

2 WEFEIXAR

KA £ 717 2 HLR B B R RS Bl ST, A XK B UR
HON 487 m’, ANE A EE B 1/5, JH G 6
KRR T, BRI B 32 A Kk el | o
AL YDA S o KTk ST, A8 AT X P S, B
B RARE A “BER”, a5 S T A AR
B 1/6( EAE, 2020), W EZ R #EILIX, 31
X, ST HARIF KX, X ERX ET
BH T A B it i L LU T, 24 65 T 7K B8 I8 & A
T di i 1 — 2RI o 2T, A R e i LA
IR, BUET X B K A, A8 X A B0 (5
JRPESE, 2012), 200 G T EZ R Tk F7K A A
KA o 307K, 8 F A mE B L —
W, BRRILF A, WA EMIEMRE, TARILA
B

F 5T DX @ A b 1 2 X 7R b 2 53 KRS S —
JERHE 3B JZ 53 X DX FE A M R A A DY 4
J2, HCh e ARy I, FRNLE 2 SR
ERAER, KINERERRIER, FEA NIl
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28 1, RAE AN EANE VTR . A RS
GPS &7, RAEKMLL T 0.5 m &b /K 1.0 L %€
ARZIEHH, 25 0.45 pm JEREEES, T RIFH
B A R R AR R I E oAb RS AR
P IARAE (4 °C) IFTE 24 h S EBS 19 & .

R A . ARCERINIE 6N, 6"0 Byl E %
FHRSE [l 2 B A AT, fh v R e 65 v
PRI BT 58 BRI 5 b 2 /KA A R 4E 24 h N, FHES
TGN E CI . NOy —N [ B, 43 6t
7E NH, ~N., NO, —N V& J, i H [ 1[5z 8 2 Jmy
510 Sl b T R A O S AT
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ASCR DL [R] 467 22 TR B A A MixSIAR Sk
At B8 b e AR R AR R IR TR 3, IR T T 2>
15 YL IR [R) B A7 AE B 15 00, 928 18 T BE 1 N it
P, %€ 1 45 BB INUERR (Parnell et al., 2010; Hu et al.,
2021; JEAH 4%, 2023), Al R8N
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Fig.1 Distribution of water sampling sites and comparison of NO; —N concentrations in study area

ZERAKGE D), BIERENTRE . pHEZEEN
K e 7.5~9.2, 3 %3] 8.1~8.6, I KW 7.1~
7.8, BT 7.5~7.9, *F-Y¥ME 7351k 8.6, 8.3, 7.5, 7.7,
HA R Ie] 67% . 22 25% BIAE S pH (EH
CHTR R K DA A51E ) (GB 5749—2022) A= 16 1K
FH/KFRAE 6.5 < pH < 8.5,

S A T A (TDS) W B A8 b3 Bl Ry R 3k e 3
54~254 mg/L. “F 4] 20~79 mg/L. I 7K Ji] 24~
71 mg/L. P 67~852 mg/L, V- I8 43 %k 136.3
mg/L. 50.0 mg/L. 55.3 mg/L. 325.0 mg/L(¥ 1), £F
A CETR KK BAEVRE ) (GB 5749—2022) TDS BR
{# 1000 mg/L.

b2 Ui (COD) 22 Ak BBl S R Tl Je 1T 0.80~
8.00 mg/L. 3 ‘%] 3.04~6.72 mg/L. 7K 1.12~
4.64 mg/L. B 0.32~4.80 mg/L, ¥ {4 43 5 N
470 mg/L. 4.14 mg/L. 3.52 mg/L. 2.40 mg/L(F 1),

36 (oK PR 58 BT 5 bR 7 ) (GB 3838—2002) 1
FK,

MK IRA L BH B T4 KR A T A Fp ] X 3,
TR, DURERN F, I -FHE R HCO, >
SO, >CI, [H & F ¥ A Ca®>Na™>Mg”>K", 7K
fh2t 2K R a ol 5 2%, £ %N SO, -Cl—Ca*"-Mg**
Al HCO, —Ca*" Mg* (% 1, K 2).

Gibbs AT T PR Ak i ok A2 20 73 1
AL e 2 DTN/ N - R (R N G T
2023) o U FEIKFE A T A0 A A A KAk X
T, FEARFGY X M FRIKK Ak 22 o3 247 35 A R
FRAERI R sZmA (8 3) .

KBS - HUAE A3 B vl i — 25 W 45 B2 7
BRI . HRAE(Ca*+Mg™) 5 HCO, A& (& 4a) 1]
1, WFSE X R KRE S KB AT 1 0 1 SRR
BT T, e BIRRFR AL A KAk 5 = TR . 5% &
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Fig.2 Piper diagram of surface water samples in study area

SO,>, MR /AKFEM ML T 10 1 R (K 4b), £

] SO X T 1 F /K B FH &8 -l A 2R .
Na', K'Fl CI'] Ge R IR AL 5 kR Eh 7 I i . 78 & 46
HIE ARG S A G, M2 R A 2Rk
U (Na™+K) 5 CU (B = w146, 2023) . MR

(Na™+K") 5 CI", (CI/Na") 5 (NO, /Na") K Z& (& 4c.

d) AT, RS X N R K KB T 12 1 SRR
T, FRAMFSE X HF K Na', KAl CLUA Eid A7

FIRERRER 5 R ZIE Bl 52
4.2 THRKRHERERREMCEIFIE

NH, N & &yE A 0.009~0.363 mg/L, FH#{E
4 0.106 mg/L, K il J€ R 0.009~0.363 mg/L.
FAE 0.017~0.113 mg/L ., ¥7/KH 0.021~0.271 mg/L
LT 0.060~0.180 mg/L, “F-34{H 53 514 0.118 mg/L.
0.047 mg/L. 0.112 mg/L. 0.120 mg/L, Y75 & (A%
RHK T A FRYE ) (GB 5749—2022) HiLAE 24 A Tk
FEFRE 0.5 mg/L K {3 /K R 5% T 2 bk i ) (GB
3838—2002) A= {H K HIZK FRE 1.0 mg/L,

NO, —N & &=L~ 0.072~1.91 mg/L, ‘FH41{H
4 0.544 mg/L, Hrp R ykIEil 0.081~1.530 mg/L., %
%3] 0.080~1.910 mg/L, 7K 0.072~1.430 mg/L.
LT 0.089~1.430 mg/L, “FH4{E 43 51~ 0.593 mg/L .
0.556 mg/L. 0.306 mg/L. 0.587 mg/L., H, K
T S07. S08. S10. 42 S13, /K S18. B
S24 HURE A5 NO, —N Mk B, 8 KA TR R K AR
#E) (GB 5749—2022) #E [1) V Aiff i% £ vk B FR{E 1.0
mg/L.

NO, —N & &=Ll A 2.6~64.7 mg/L, “F-3{E A
20.8 mg/L, i T NH,—N 1 NO, -N ¥ J&, JHF5%
X R FERRIG YN . KIGIET], 20 b
KRN DU Hb 26 K NO, —N #8823 51 ol 9.7~

R 1 BESMRAKUEZSHBHRBEBRRCRANR

Table 1 Chemical parameters and nitrate isotopes of surface water in study area

W J8E pH TDS CODer HCO; SO CIT Ca*

Na*

Mg? K' (NO,—N) (NH,~N) (NO,—N) (6""N-NOy;) (6"*0-NO;)

IRRME 9.2 2540 8.00 2920 1140 72.6 138.0 61.1 400 937 64.7 0.363 1.530 16.81 10.54
Syt e %’J‘\T'E 7.5 540 080 698 740 263 37.6 314 133 3.07 9.7 0.009 0.081 11.17 6.49
(=12 AL 8.8 915 490 1125 90.1 449 490 372 185 7.3 294 0.085 0.495 13.79 7.77
FHME 8.6 1363 470 1269 89.5 451 597 39.0 204 7.01  30.1 0.118 0.593 14.32 8.04
FREZ 0.5 748 219 567 109 141 285 64 20 17.3 0.100 0.480 1.80 1.09
wAME 8.6 79.0 6.72 1620 93.7 53.1 116.0 449 221 9.0 6.8 0.113 1.910 2247 12.96
sz %/J‘\T,E 8.1 200 3.04 133.0 265 265 402 274 138 4.1 2.6 0.017 0.080 14.69 8.35
(et EP@@L( 82 50.5 3.40 149.0 932 52.0 475 413 21.0 47 3.8 0.030 0.118 15.02 9.81
FHIME 8.3 50.0 4.14 1483 767 459 628 387 195 5.6 43 0.047 0.556 16.80 10.23
PRAEZE 02 23.6 1.50 138 29.0 112 309 33 20 1.6 0.039 0.780 3.28 1.69
WA 7.8 71.0 4.64 1400 72.8 295 480 365 149 93 335 0.271 1.430 14.23 6.58
Wk %/J‘\TTE: 7.1 240 1.12 698 456 212 302 260 95 54 9.8 0.021 0.072 8.32 5.15
(=T) FAE 7.5 590 3.68 117.0 589 260 383 319 124 64  16.0 0.119 0.108 12.61 5.63
FHEME 75 553 352 1141 600 263 388 323 125 6.8 16.8 0.112 0.306 11.79 5.88
PR#EZE 02 13.8 1.03 201 85 28 56 1.7 12 7.2 0.077 0.461 1.87 0.47
R RE 7.93 852.0 4.80 152.0 1701.0 13115.0 402.0 4811.0 955.0 394.0  25.8 0.180 1.430 22.67 18.21
R B‘%/J‘\T,E 747 67.0 032 444 163 112 145 128 50 29 4.1 0.060 0.089 12.20 5.96
(=5) 7L 7.86 190.5 240 984 694 287 769 450 146 57 229 0.110 0.488 13.36 7.03
FHME 7.74 325.0 240  99.0 393.0 2714.7 122.51039.0 204.7 857  17.0 0.120 0.587 15.27 9.05
FRUEZE 0.19 308.4 1.43  34.1 6547 52022 142.4 1888.7 375.3 1543 9.1 0.044 0.457 3.79 4.60

WE: pHEEH, (8°N-NO,). (6'"°0-NO,) A7 %0, AL ymg/L.
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64.7 mg/L. 2.6~6.8 mg/L. 9.8~33.5 mg/L. 4.1~25.8 i1 S02, S03 HUKf i NO, —N ¥ & i it A A= 4
mg/L, F¥{H 4 30.1 mg/L, 43 mg/L. 16.8 mg/L. LU EABR(E 50 mg/L(Matiatos et al., 2021), {{=F
17.0 mg/L, tm T2 BRFEMA 03 mg/L, HRTEIE &9 NOy —N VR FEART & [ 5 19 AR 16 RO K BAE
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Fig.3 Gibbs diagram of surface water in study area
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Fig.4 Relationship of major ion ratios of surface water in study area
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FrfEFRAE 10 mg/L(K 1),

5 R i 58 X b 3 KRS R R 1Y 6" N-NO;~
A1 6"O-NO, a7 R A A% . KTk Je il §°N-NO; ™,
6"O-NO, 7 Bl 4311 7 11.17 %0~16.81%o0 . 6.49 %o~
10.54%o, “F-¥I{E 43 5 & 14.32%0 F1 8.04%o0; 3 2 T
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Fig.5 Nitrate nitrogen and oxygen isotope box diagrams of surface water in study area
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Table 2 Summary of the 6"N-NO,” and 6'*0-NO," values
of various nitrate sources
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K — — — SCER
P EER RS PRMEARE R =
KAV 4.6+3.9 54+13.2 Ren et al., 2024
AR 0.9+2.0 3.0£1.4 Mu et al., 2024
THEAHUA 3.8+1.8 —2.7+4.4 Zhang et al., 2022
15K 11.5%1.2 5.6x1.4 Chen et al., 2023

TR (52.9% ) >0 (25.1%)> T HEAHLA (20.3%)>
KAV (1.7%) , 3L AR Rk IR BTk R A5 7K
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KA (0.8%) , DU £5 i R IR 5T ik 5 hy i 7K 3
RE(44.2%) >+ A LA (42.1%)>1LAE(9.0% ) > K<
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SRR B NN A 5 K ARSI 5
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