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Abstract

Groundwater nitrate pollution has become an important environmental issue that threatens the safety
of drinking water and increases the cost of water supply. This study took an agricultural irrigation area
in North China as the object. By collecting 30 groups of groundwater samples (covering agricultural
areas, villages and river recharge areas), the nitrate concentration was determined by ultraviolet spec-
trophotometry (HJ 84-2016), and statistical analysis, spatial interpolation and principal component
analysis were conducted in combination with SPSS 26.0 and ArcGIS 10.8 and quantified the character-
istics of nitrate pollution and its impact on water supply costs. The results show that the concentration

range of nitrate (calculated as NO; ) in groundwater of the study area was 8.7~56.3 mg/L, with an av-

erage of 28.6 mg/L. The over-standard rate (GB 5749-2022, <10 mg/L) reached 63.3%. The pollution
of Wells in agricultural areas (average 35.2 mg/L) was significantly higher than that of village Wells
(22.1 mg/L) and river recharge Wells (12.5 mg/L). Principal component analysis extracted three prin-
cipal components (with a cumulative contribution rate of 76.8%), among which agricultural nitrogen
fertilizer application (contribution rate 52.3%) and domestic pollution (25.5%) were the main pollu-
tion sources. The cost model indicates that for every 10 mg/L increase in nitrate concentration, the unit
water treatment cost increases by 1.2 to 2.5 yuan. The cost of large water supply plants (50,000 tons
per day) is 30% to 40% lower than that of small plants. The research provides data support for the
prevention and control of groundwater pollution in agricultural areas and the economic operation of
water supply systems.
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1. 51§

H R AKAE A AERE) 50% N ERIR A KR, FEAH IR £h75 4% in 8 R RO AR 24k & e B 2 ™ SR [ 1]-[3] - AR
EH(NOY)EZE T FALM A . BEIFEBIRMAETFGAKBEHEAM TR, BETEEBREES. REE Y
KAds . BRIE CEROHAK PAARUE) (GB 5749-2022) 1 52 AR 2R FR1E N 10 mg/L (LA NO; N it), ##hr
JERTRESI R Lis Bk ML A0 8 F fAE, K2R 57 38 5 W Ak R Gofiesh KU AH 5G(WHO, 2017).

TEAHR 7K AL B AT, AR 25 22 B 75 M ML T ZI BRI [4]-[7] - AR BT 10 mg/L B, 75 30 e 28 466
RIBE ARG IR LR TG, SEAUKEAEE ETr . AP R ANRE “RE” , ERILE
FHEIE 350 kg/ha (G [ bR 24 BIME 225 kg/ha), 2023 4E X I/K GRS S 38% A R 7K W =5 Al R 2
bR, o BT EE KRR 2010 FEHEK 45% (H EKFIES, 2024). BRG, $R7R AR £hi5 Y 23 (8] 40 A6 #L
T R LK A B MR, X (R K e A RN Ak /K R R T EL A B RS S

E M RN, AMIEBN DT 1 R KSR Sh95 e 1A 1Y) 60%~80% [8][9], 4 AMb A Hh X Ik iy th
TUKTHRR ER IR B I 22 A BRAE, S BB BA 3 . BE DX M BE R B, i e A7 A DX K
FRAE G 7 X IR I 2~4 SEo0/m . R RRELEE CRYERERTR ) Rl “Ma5a X 480 IS it ZUIE it &7 4%,
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BT 25% 3 7K W SRS R BRI FE AR (EEA, 2023), e H AR b 5 e il 1 B2 4 4

FE] YA ST 98 SRR T Bt R S5 e ARy, R B T /KR R Eh B A 2 5 UIE i & 1t T /KR 4
IR R AHOR[10]-[15], Hm ik BERNER # 5 5 & S BUR 2 I R TR . JRTIT, 105 QerE i 5 4Kk
R[5 BRI FATIAETEAN R U Z S [F) A 3 T 25 10 FRUAR 28 % LGRS A AR 7K 2 4 1) RO A AR A
Bortire BUAWHFEZAS BAETS QERF LR, X “T5g¢ - 403 - A BESR I R SVEEALIT S RN 55,
e DA S X IR SRS BR KRS AR AL R 5

2. MRAZESHIERSE
2.1. FRXEHEIR

WFFE XA T AL T R #5(37°20'N~37°40'N, 115°10'E ~115°30'E), AR 500 km?2, JRBEIRA: 00 A%,
SERIRE/KE 550 mm, 22K & 1200 mm, b R/KHE 5~20 m. ORI DL 3 15 72%, EERE N
FRCERHR), TN 350 kg/ha (LAAE N 1), HEBKIEHHL T K 5 HGIE 65%. X3RN 046 15 M7
A, AN 82 73, ATETG KR 30%, B &IFM AR AT, F{5 5 R HERON 5058 .

2.2. HERESIR
22.1. RERHI

(1) £ XFH(A1~AL5): ST E G0y, PEHIE 50~100 m, [WOERL KIS IE R0,
2) MEHVI~VI0): AT ERERX, MG /K 50~200 m, W5 AE TGS G5 ;
(3) TIMAMEFE(RI~RS): FHFFA (I ) 50~300 m, S 28 7K A5 ok b T 7K R R 280

2.2.2. HRRESTLE

T 5 AR 8 H(WZE) & KA 1 IR, BRI RICREE | L AKFE . REFERTHHEIE )i K 3 %
HARF, F 0.45 um BERRLT 4Pt e 5, I | mL IRFEBR(IE Zh2h)BR1b & pH <2, 4°CAMIRAE, 24N
P SESASIN . BRIERE S EL S S% PATRE RIS B, SPATRRAOM IR 2 < 5%, bR 95%~105%.

2.2.3. Kill5k
FS TR 5 280 NO; -N IR FEII 52 SR FH R A e Y6 BE VR (HT 84-2016), M TU-1901 XUEH A al L4k
HETE, 7 220 nm F1 275 nm P AL @R, 12 A X

K
P(NO; ) = (Azzo =24y )X I

Hr, K ARIERT, V ABFAAFI(mL). KEBIE 10 mg/L i, FBAiKF#REE LM 0~10 mg/L)
S I 5

2.3. RS SH

2.3.1. Gt ot
FIF SPSS 26.0 HEATHEIRMES i, HHEAEIHAEX (AL IX L A L T RS R 5k BE I 48 . FrifE2
HEFRRE SR, KRR R TT 20 M (ANOVA)R R X 5k 7] 25 5 8 2% (p < 0.05).

2.3.2. EEOHT
7E ArcGIS 10.8 k47 78 BL &M, 502 i E BT 45 RS, SRR CR H . 5 R A
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FI), A iTis demE X 5 NG S G R
2.3.3. TR TRPCA)

TEHL 12 MR A T MERER IR (NO; -N ) ZUALH & (kg/ha)s A& HTHALEI(%). A %
(N/km?). AT /K HEBCRE(m/d) BRI EE B (m) T IERD R & (%) Bk S (%) H R KB (m). [4
KE(mm). BTN =1, WE =0). MR BAEER =1, £2KH =0). WEIEFRENS, $EEL
FRAIEE>1 (R E By, a8 4y R B 1R 3 2805 Jui
2.3.4. RAERE

PR IX IR 3 SR (EEERREL 1. 3 5 I/ R)IEATHIE, WA FIHER Shyk FE R I AL HE BoAR (2
T, ok, W, NLA), RHZ CAMERHE IR - AR, AAN:

y=a+bx+cS+dP+¢

Hr, y NEBEARARCT/M), x NREERERIRE (me/L), S NHLKIBECT/R), P N T EE 3L CH M
=1, MR =2, BFXH =3, RBIE =4), ¢ HIRET.

3. MK THEREL T S E R T R AR

3.1. M TIKTHBREL 1T R4H1E

3.1.1. BIHHESXEER

WFFEICHL R KR #h (LA NOS -N THIREEGiH a8 R AL 1, ANFEIDIRE XI5 G B 22 7 3 (p < 0.01):

(1) AMEIXH: PR 8.7 mg/L (NO; N 39.0mg/L), #HRZF(>10 mg/L)iA 73.3%, i KfH 15.6 mg/L
(NO; =693 mg/L), 54l &EAe400 kg/ha)Filig i 77 & VIAH ¢

(2) AHEH: P 5.6 mg/L(NO; =25.1mg/L), HFRZE 10%, EEA(V3, VT)EBEERIEM, RWHE
5 KIS I R R K5 5

(3) TWIFANEH: P 3.2 mg/L (NO; =143 mg/L), AHBiAkR, 15 TR R A1 R ITRA

Y s A e .
AT RZE(CV =T78.5%) BRI A E T, W (1.23) 1§ (0.85) R AW B A MS A6, 718
Je T e

Table 1. Comparison of nitrate nitrogen concentrations in groundwater of different functional areas

1. FEITHREX b T K FHBR B RUREE XTEE

Gt 28 FALX (n = 15) FHE(n = 10) it (n = 5) 4= X 45f(n = 30)
B KA (mg/L) 15.6 9.8 4.5 15.6
i /IME (mg/L) 2.3 1.2 1.8 1.2
*F¥{E (mg/L) 8.7 5.6 32 6.8
bRz 42 2.1 0.9 53
HBARZE(>10 mg/L) 73.3% 10.0% 0% 23.3%

3.1.2. BEST4HE
v B el g Rt T g, SRR 2 Pk,

DOI: 10.12677/hjce.2025.148196 1811 TARTH


https://doi.org/10.12677/hjce.2025.148196

S

Table 2. Statistics of spatial interpolation results

2. FEIRESRET

WIE X [F](mg/L) TR 5 EE (%) F B AR X I L BitPR I EvN ]
<5 35.2% TR HS R (BRI IE 200 m ). b3k R1,R3, V1 ((6HF)
5~10 41.8% A A H e AR 5 A FH (300~350 kg/ha) A3, V2, A7
10~15 18.5% T AEAR H (>350 kg/ha) AR IEFA A4,V3, Al2
>15 4.5% WREA R 2 3R I B X AS, V7 (#8¥F 2.3 i)

WA ARG R KRG, MRS EI AN XL mE PR ARG WRERRE” m
IR R -

(1) FEBAML X (AS~A12): FHER R IR M >8 mg/L, XfMi/NEE - B KEIEX, ZAEEH =
400~450 kg/ha, FEBEIAML /KRR (<10 m), FITFREMK;

(2) AFEEJEA SCREE(VE, V7, V9): IRFE 7~9 mg/L, 734 T ARAH TS /K E WK EARKS, BEER R 28
50 m Y KBRS IG N 2.3 £

(3) TIH R RAE R (R1I~RS): WKIE 2~4mg/L, Sl <200 m F1X 38, AR £h R B ot 25 X A
40%, FEAHLRKANA ST HL R KA B2 3R .

3.2. FHEREL SRR AT

3.2.1. ERFTHER

X 12 ANAERHAT E R AT, SREUET 3 DN ER (R 76.8%, % 3), BATAEREGE 4) oK.

F RS 1(F1,40.2%): 05 E(0.89) A& TR EL51(0.85) #EME 7 2R(0.78) 8 far e i, 58 SN “AR
WVIHIRTE G R 77 e Ak A it 2t it i AR B 77 2Rt A TR 2 bk 2K (1 52

FER 2 (F2, 19.6%): AN #FE0.78) AiH15 /KA E(0.72). & & FRFEE SE(0.65) 8 2 2, & X
N CEIRIS T, RAEE RAEVE R IR R

FHIF 3 (F3,17.0%): ERINALEE BS(-0.65) LIERDRL & 5(0.61) M1 T /KR (0.58)Himi i m, & LA
“OKSCHUR IR T, S B bR 35 R K JE A e R 3R A (i VR

Table 3. Principal component eigenvalues and contribution rates

% 3. EMAHIEESFRE

ERar FFAEAE T ZE TR (%) R IR (%)
1 4.82 40.2 40.2
2 2.35 19.6 59.8
3 1.15 17.0 76.8

Table 4. Principal component load matrix (variables with absolute values greater than 0.6 are bolded)

FT 4. EMDBEEMECEEITE > 0.6 BIZTEMNH)

A F R 1 F Y 2 F Y3
G = 0.89 0.12 0.05
A% HH T AR B 451 0.85 0.15 0.08
T 0.78 0.20 0.11
NEEdi 0.10 0.78 0.12
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AT K R R 0.15 0.72 0.09
R 0.08 0.65 0.13
P Y YA B 1 0.06 0.11 -0.65
LR R 0.09 0.13 0.61
bR KR 0.12 0.08 0.58

3.2.2. SRIFEERIRA

KSR FE RS 5, A T 1 5 07 ZE R S R R DTER R TR,

WA [R5 Gefont R 7K R R 675 G A ok . AT A R
VR BT = Iyﬁiﬁ\ﬁﬁiixﬁﬁﬁﬂw%% <100%
Do (R T B < FEA L RS 1547)

SUHE, BT QR TTERER A5 R

(1) RME: BT F1 ERS S5 RS R ER, RVIFETTIRE FE 52.3%, 725 F 2175 4k
AHIAE TR, AR5 G5 B & (B2 /R b AR R r=0.82, p<0.01). &R LLHI(r=0.75,
p<0.01) AR IEAHIK 3k — 0T 50 I, Wt 9 XA 2 U it FH ik 350 kg/ha, 8 HH 4 [ F 3 7K1 40%;
5B T NP BR B SRR HH KB AT, B3R 775 R .

(2) AWEIE: AR F2 ER SR, ATEETTERR N 25.5%. S ARHIE RN, AR G E
EIX FELERTENDZEERT 500 A/km? HARE G KRB o 358 X AR 55 K 2 R
SR EE, COD. E ARG RME REN LIS E, BB EERHEAM /KRS . AR
FEVE AR R, ToT5 7K AR B A it DX 35 Fr b R KR R R R B LU RS A B X 85k v Y 2.3 £

(3) ASCHURRZR: BT F3 B HE &N R, AT F R TR N 22.2%. HFFEERE, 7R
SR KRR VATREE, H ARk B 40% 0 X, R KRS RR Ah IR P B T . X2 T
SR KM RN TS B RS, R bR K S R K K R R AR EE TR SR 0 e

3.3. THERENISRFHIK R A RIR R

33.1. BT ESRAHR
AN R RS PR £k vk B 5t 7 AR ASER T2 B AR R L 5, BEB TS YR EETRE, T2 B A4 R A 5 2 1
(1) HHRAEF(<S mg/L): TR WEE - PUUE - 198 - WHFE, BUAS 0.8 Jo/mll, Z4570)%% &7 EL 60% (FE N
HRMLBENER);
(2) IRBEALF(5~10 mg/L):  HEIIEMER BT 570, BOARTHE 1.2~1.5 Jo/ml, PR 5 # 9% FH 5 35%:
(3) PP b (>10 mg/L): KA BT 2B Mg B4 57 NaCl {HFE 0.5 kg/MizK) sk s i35 (55 45 3 2
HE, A 0.8 TT/ME), FRASIA 2.5~3.0 T/, B LE 2R 5 ELEE 40%.

Table 5. Treatment processes and cost structures under different nitrate concentrations

5. TEHEREKRE THAEBE T Z 5 AEK

WP X [l (mg/L) WFET S B A (TT/I) FAKE (%)
<5 AL B 0.80 755 60, H%% 20, AT 15, HAhs
5~10 TR+ ISR B 1.35 24577 30, &R 35, HPE 20, FHAh1s
>10 BT AR RIBIE 2.75 WA&UEY 40, 2457025, MLY% 20, HiAh 15
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3.3.2. JRE - BRAEITS R
DARHIR 2h ZUR BE (x) K IIBL(S). T2EREP)NEZR R, B2 u .
»=0.08x+0.12P—0.055+0.50 (R* =0.88,p<0.001)

BHIEIX 3 KUK AT B ARG, il /D Z IRk R S RO AT T SR HE, B R AR
FIERfTE SIE R PE . K50, BRI E R B R? = 0.89, ARG R> = 0.86, RIBAIMAUR LI,
5 AR 5578 B K R R A

AR AT R

(1) RN : TR R AT 1 mg/L, BN 0.08 JT/ME(95% B {7 X 8] 0.06~0.10 Ju/M), 5[HE
F5E(0.10 & 0/mi) A —F;

(2) MU AR RIBAEY K 1 /R, B AR A 0.05 Jo/ml, KRB (5 Jl/ R)SAN A/
B MR 60% (72 6)s

(3) LEXN.: TZERERIM 1 RAMIETER BB T 22 #), BRI 0.12 Jo/mli, Bt
RS AT 4P I 2 7 o
Table 6. Comparison of treatment costs of water plants of different scales (Yuan/ton)

= 6. TEMAEKT L IR AL AR XTEE (FT/E)

AR R T/ R) WREE =5 mg/L () W =10 mg/L GEMER)  WKE =15 mg/L (B F38H)
INGLY) 1.20 2.50 3.00
3(H) 0.95 2.00 2.60
5 (KA 0.80 1.80 2.30
4. &%

ZEE UL BB AT, M5 RBURIAA . oA e m &4k BB 2 SRR, ARG R T H R KR
V5 e 5 UK AR B I PR DRER, TR RGN R B Eh ik

(1) TSR WX R KSR L BRI 6.8 mg/L, #BARER 23.3%, & “RAIX > K > ]
W AR, Aol ZAE e 2 T B YR (TR AR 52.3%), ARG TS YL RN K SRS 254 20 Sl DTk 25.5%
F22.2%o

(2) AR : WERERIR AT 10 mg/L, FAALKACFE AN 1.2~2.5 70, KEBK) RAR N
T 30%~40%, T 25 A FERT AR it S B A 15 VR o

(3) By I RN « hnas AR A v R A B AR S e e B A1 e ARy, (RIS HERE (K 1t
A BN T 200, SLBKR 24 5 85 R 147 .
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