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Xu P P, Qian H, Zhang Q Y, Zang Y Q, Liu Y, Dong J Y. Hydrogeochemical genesis mechanism and secondary environmental
challenges of groundwater in southern Jingyang, Shaanxi Province. Geological Bulletin of China, 2025, 44(5): 811-824

Abstract: [Objective] The southern Jingyang, Shaanxi Province is a typical loess distribution area, population gathering area,
agricultural activity intensive area, and geological disaster prone area. Thus, studying the hydrogeochemical genesis mechanism and
secondary environmental challenges of groundwater in this area is of great significance for the development and utilization of
groundwater resources, water safety guarantee, and ecological geological environment protection on the Chinese Loess Plateau.
[Methods] Based on groundwater investigation, water sample collection and analysis in the area, the main ion distribution
characteristics of groundwater were identified; the hydrogeochemical genesis mechanism and its main controlling factors of
groundwater were revealed by the comprehensive application of hydrochemical methods and isotope theory; the suitability of
groundwater for drinking and irrigation was evaluated, and its secondary environmental challenges were explained, using the
integrated—weight water quality index, magnesium hazard, soluble sodium percentage, Wilcox plot, and irrigation coefficient.
[Results] The groundwater in this area was weakly alkaline as a whole. The TDS range of groundwater in the south bank of Jing River
was 752~2108 mg/L, belonging to freshwater and brackish water, while the TDS ranged from 1232 to 3768 mg/L and was classified as
brackish to saline water in the north bank. The dominant cations in groundwater were Na" and Mg*, and the dominant anions were
HCO, and SO,”"; The hydrochemical types were mainly HCO,-SO,~Na-Mg and HCO,-SO,-Cl-Na-Mg, and the hydrochemical types
in the north bank were more complex. The hydrochemical characteristics of groundwater were mainly controlled by rock weathering,
among which the weathering and dissolution of silicate rocks were dominant. Meanwhile, the evaporation and cation alternating
adsorption promoted the salinization of groundwater. The groundwater in the south bank was significantly affected by agricultural
activities, while the groundwater in the north bank was influenced by a combination of industrial activities, domestic sewage, and
human and animal manure. The drinking water quality level was mainly moderate, and the primary factors causing health risks were
total hardness, NO, ", F~, and SO,” . Most groundwater was not suitable for direct irrigation and measures should be taken to prevent salt
accumulation, otherwise soil salinization may occur. [Conclusions] The hydrochemical characteristics of groundwater along the banks
of Jing River in the south of Jingyang, Shaanxi Province, are mainly controlled by the weathering of silicate rocks, superimposed
evaporation and concentration and the influence of human activities. There are health risk factors of groundwater such as total hardness,
nitrate, fluoride exceeding the standard, and the salinization of groundwater is easy to induce soil salinization. It is suggested to carry
out targeted prevention and control of groundwater pollution to avoid facing more severe secondary environmental challenges.

Key words: groundwater; hydrochemistry; isotope; hydrochemical processes; water quality assessment; southern Jingyang; Shaanxi
Province

Highlights: Using hydrochemical methods and isotope theory, this paper reveals the differentiation mechanism of groundwater
chemical characteristics on both banks of Jing River in the south of Jingyang, evaluates the suitability of groundwater for drinking and

irrigation, and clarifies the secondary environmental challenges.
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K, MH FoREIEE BB, SSP AR I3 H,
B AL meq/Lo

2 45 B
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N, AT 7.42~8.19 Z 0], BIEN 7.79 . IR R Y
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FERAEH CO, WRIEMEAN T 6~18 mg/L Z 1], 442 1#
A I HL T K o bR (i AALAE, 2018), B 11
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6.7%, W] ULAIFFE X M K Ja Ak 2 T B A K FR B )
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mg/L F1 480~1727 mg/L, MR #4{E N 381.6 mg/L Fl
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Table 1 Statistical characteristics of hydrochemical parameters of groundwater in southern Jingyang, Shaanxi Province

A HlH pHfH  TDS TH K° Na° Ca*

Mg*  CI SO,”

HCO,” CO,” NO; NO, F  SiO,

Max 8.53 2108 801 12.05 444 80.2
Min 7.85 752 90.1 1.32 226 10

iR Mean  8.21 1213 381.6 384 308 373
Std 0.25
cv 0.03 0.40 0.77 1.02 023 074

484.59 29395 393 7087 2747

148 340 509 873 18 221 0.123  2.88 16.9
15.8 42 52.8 311 6 21.86 0.003 0.83 113

70.1 158 252.7 632 13 9252 0.024 147 139
54.88 97.90
0.78 0.62 0.66 0.29 0.38 0.68 2.07 048 0.12

16697 18394 502 6295 0.05 0.69 1.73

Max 819 3768 1727 1545 532 281.0
Min 742 1232 480 3.6 240 48.1
Bt Mean 779 1969 960  6.68 336 117.7
Std 025 629.58 30732 323 80.02 57.77
CV 003 032 032 048 024 049

249.0 850 889 879
77.8 155 240 567

/
/
161.7 343 548 704 /
4797 159.15 /
0.30 0.46 0.34 0.13 /

453 0.086 1.10 17.3

2092 0.004 044 118
102.49 0.025 0.71 145
187.19  89.26 106.28 0.03 0.20 1.68

1.04 1.08 028 0.12

TE: Max#oR i KAH, MindeR /M, Meand/R BB, StAFITRARIERE; CVRZRAR S B8, Tk 4; pHOW TG E AW, AR a0 B 4 mg/Ls /3R

AA
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Fig. 2 Piper diagrams of groundwater in the study area
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1 2.08%o; AL FAEHL T /K 8D Fil 80 {4351 4—70.06%0~
—63.20%0F1—9.90%0~—8.89%o, FI{H 53 11 H—65.65%0 il
—9.29%o, FRUEZE S5 0.87%0F11 8.54%0; 7] UL 7 Hi
Tk E AR E RN ZAXT A, A, B9 X H
T 7K 80 Fl 8D ML REAN T-0.03~-0.12 Z[H],
TR SEPERN
31w’
3.1 MK E R
3.1.1 KZEEA

Gibbs [ElJE—Ff=EX R AR, F TR T~
JK R R IR E P AL, 32 B A 2 A e A

B RUAR A o 28 R R AR K A i R () T 4
2023; BREEAE, 2024) . &l 3—a AT, PHESF y(Na")/
y(Na'+Ca®") 7L K 0.62~0.96, 7 b e i R 43
TR SV A 28 v A 47 T B DX B8, Y2V g o A ML T
TR S TEAE X IRAL, 3k 26 5 BAT = NO, Fr ik, SRIAE
ZR R R AV FH S 3 5 T M K Ak 25 21 40 1 R, T
REAAAERCOR I ST 315 X 5 X 8555 (2021b) 7E1E
FIE I AR 2 Hh T AR K Ak 22 R AE RN o PR 28—
g F IR S5 SR — 8, R 3-b Hh, BES T y(CL)/
Y(CI+HCO, ") ATF 0.11~0.70 Z [a], 2 KR53 7K AE 25
oA TE A AR R4 il X8, AR ) 28 % Wk 4 4%
il 78 DX I I A A 5, H TG R K
ZHRWCAERE I . 28 A F R, BEVE R FHRE
MR KAk 24 Ay 3 A A WA 2R & e iR
H, 5 bIRIEE, AN ZE3E g0t iR 7K 0 5 i JR AN 1]

MR 7K 5 A A 0 R LR s 7 A A
T, PR B F 22 (R A E ] 56 R R TR K R 7K
27 1R ML — oA 2800 O vk ORI %, 2021
Zhang et al., 2022; XB37AH4E, 2024) . &l 4-a AT,
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Fig.3 Gibbs diagrams of groundwater in the study area

WF5E XK EE S5 4 P5AE y(Na)/y(CI)=1 : 1 £ Ty,
FERH M T K AE R e sl B b, bR R A
YEFRA, 16 T RE A7 78 AN A 1 i 70 PH B8 28 8 i
BFEH, BT R bl FoKTE I R . it y(Ca™) 5
Y(SO,>) M ELBIISE R, T AW A B i vt i T Kk Ak
ST BRI AR BE (RS2 ARAE, 2024) . K 4-b B
W, A KRR Y5 TE y(Ca®)/y(S0,2)=1 : 1 &F
J5, U Ca® 7 i T 2 8 1 BH B 50 8 R B
W H = AEF I (Xu et al., 2021) . SRRARE:
F S WRIR LR A A F R KA 2R o F A
FHIF, y(Ca*+Mg*") 5 y(SO,> +HCO,) WL fE ¥ T
1 VBRAERAE, 2024) o &l 4—c R, KEB R
URARREST 12 1 RBAR, M R R /KA ST T
1 VR U7, RUIEERREL A WAL 5 PH B8 58 B W
A X6 2 Tl i e T 7K A 7K 2 s DR S R o
Ko 456 Ca’'5 Mg W E 2 (Bl 4-d), ZKAE AR
SPATE 12 VT, RUEE I = A % iR, B IA
BT AR E T4 T K EERY Ca™

h TSk IR AR, FIH y(Ca*)/y(Na®) 43
H45 y(Mg*)/y(Na®) Al y(HCO, )/y(Na®) YK R a7
KA Na™, Ca®™, Mg %5 BT WAL R R (242
2, 2024; XA, 2024) . HHIE S AT RS
KA Ao AT DARERR ER A SR s, 1) 25 kA R

i 5 5 1 i e A1, 3R W g Rt Ml R K AR 2R AR 24 T
RERRER A WAL AE F (% TR s, R £k AN 2% % R 1
KA AR T EZEER; EF ALK, KEE
MR ERE TR SR Sk IR Eh A 2 (0], B & B
FEAE R MR K PR IR 0 F i R &R, X nl iS5 0F
FEX A M RERR SR A A 6, W TUA B et
FENFEY, 2021b) . HERIBEARRREGETHT
HE—25FI WL T 7K R G2 N RE R AR LR ER 1 R]
) Fift - UL D - R A (XM 5, 2023, 2024), 40
6 FiR . KBEA) Si0, & bl A i FiZk, (0
KIkFIE MR AL, B B2 EEa 5K A
(IR XA (& 6-a, ¢), B K A 5K A
(R SRR AR BT S A A5 RG £, B0 E T Bk
SR A R
3.1.2 A& F X ARM

R 7K A BH S 52 2 W AR R y(Na ™+
K*—CI") 5 y(Ca®>*+Mg*—S0,>* —HCO;") i X R i#H4T
FIR], — B0, A EAEA BRI -1, KA
7E 5 25 1 BH B 38 B W B F (Sheng et al., 2023)
&l 7—a AT, VT S AU R KR S LA R R A
I —1.08 F1—1.39, FRBIBFFEIX T K Y BH S 28
g BHE F A7 7, Hm e . Ak, BT
SR SRR FH 7 AT 2ok S £ (CAL- T Al CAI-11)
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RATE, PR AR, IR KRS A7 7
B AW EFH (Liu et al., 2021) ., ME 7-b 1] H
H, VRIS R KRS CAL- T 1 CAL- TH{E 2 34T
~7.34~—0.95 F1—0.77~0.29 Z 8], 1R ZI{E 5351 Ky
—3.24 F1-0.58; yin b= H R /KBS CAI- T A1 CAI-
I {E 43 3 F—1.69~0.02 F1—-0.42~0.01 2 [a], AH ¥4
{535 -0.65 F1-0.22, WIEIARFSEIX # R K P AEALE
BT BN TR, Hom e R ARG
T, AR AR R, X 5 & 4 158458
[/
3.13 AXEDHH

Bl AT 2 A R RS I, AN 289E S L

KA B R AN ] 200, H it SO,7/Car' s
NO, /Ca* XK R HNRIA RN 23 shox T 7KK A4
B S (BRA RS, 2024 JRIREATAE, 2024) . N
&l 8—a Ff7, i e T 7K SO,>/Ca® 1 NO, /Ca™
3T 1.38~7.63(J4{EH K 3.35)F1 0.00~1.07(¥{H
S 0.70) Z (8], Jb 5 b R K AH B AE 43 B F 132~
3.66(FYE K 2.14) F1 0.00~0.59 (¥I{H Hy 0.24) 2 [i],
F BT X H T K SZ 0 b G B s B B 3, X
20 22 80 ARAR LK Toll Ak bk 4 e e KRR
A K (RFESE, 2021b); HHELAL R, BRI K%
ARV Bl B, 355 R R AR AT R
RS SR EHIVI G . BEA, y(C1) 5 NO, /CI R &R 1]
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DA RGR M NO; R IR, 3F— 20 H1 W N 576 3 i
KA (Torres-Martinez et al., 2020; 3255, 2024) .,
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o WAk, JUREHL T K IRAE— e B 2 B ARG TS
K5 NEZENER 520
3.1.4 T RANE KRR G ARAER

ZE(D 5" 0) @ R ZAEKEA T R B
BRI RERE I, T3z 0 TR R K A b 45 K
PR (IR AR, 2021; Zhao et al., 2024) . AFFEIX LT
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1 R AR AR AN 3 A, 26 W] SRk = |l R 7K
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HCIHk S 850 (HAE L, 2 8 e, £
W 2 A R 4 4E ] O WO 25, 2021 a3 45,
2023) . HE 9-b AIHI, A58 X TR IL R KA SRR
BB FE K AE s A FEZE AR S g E IR &
X, HESTARERFEL, X5 5"%0-8D kR K
(E 9-a) 13 B4t —3.
32 RAEINEBEK

WA (HL T 7K B AR i (GB/T 14848—2017) ),
ZEAFR L, XNH I K Mg 5 Ca” Sl H, Bl
EAR B, KR S AR O A L pis WK
5 R G N R L b R 7K NO,—N 1
{E43 %14 20.89 mg/L 1 23.14 mg/L, #id T 4R
{H 20 mg/L, TR RS RRER B FR 17K AL 5 | A& = Bk 1l 21 7
P 114 [R) T, A2 398 o AR g XU s ¥ T e 2 T 7K
F &84T 0.83~2.88 mg/L Z[], ¥J{E K 1.47 mg/L,
It TR BRAE 1.0 mg/L, 3% 5 5% b2 b & 5
Yo A A G, IR &5 R BB . s
NE . H A B A R EPH (Zhang et al., 2020); HAb, %
TEg ., JbEHE T 7K SO MR BEME 43 51K 252.7 mg/L
1 548 mg/L, ¥ UK FRAE 250 mg/L, KB H
TRIRER & il = K T RE S S ECE i AL, 5B
ZEA AT K A EL(TWQD) X 53 X L T 7K AR HE B
PEVEATIEMY, 4550, WAt T /KA TWQI A
T 89.07~227.09 Z[H], B{E K 125.25, IWQI {HA
T 50~100 Z [ (UK it R 4F) BT 7K 5 20%, 4 T
100~200 2 i) (K5 HR45) B R K &7 73.33%, /v T
200~300 Z ] (KT 22) AL T 7K (5 6.67%; i/
FEHL R KB IWQI {HA T 76.45~147.47 2 Ja], ¥{H
4 106.16, IWQI {E 4 F 50~100 Z 8] (/K i K4 ) Al
100~200 Z [ K BT &) T 7K 41 50%. Al I,
AR e, db e R KK 25, X SR K
ZH NS AR K S N E R IE LR G R )
F

B faE 2B (MH) FHT PR R K A BE T 1 3%
SR 3 B 0 2 R B R - B Bk 1 T e (JE 4
645, 2009; Xu et al., 2019), MH<50% FE/8H T /K iE
HEEW, 2 WAEE . @r RS0 AT K
MH {53 AT 72.07%~78.36% Fl 58.72%~83.95%
2 18], M B SAE S R 75.20% F1 70.11%, FEW A
BfaENAER, T KNS EER. Lok, e o
L (SSP) j& R AE4h & F M H ZH5 bR (Xu et al., 2019;
XIFEAE, 2021), KIEH A 538 5 2 55 (SSP<

20%) . BIF(20%<SSP<40%). — % (40% <
SSP<60%) . #5522 (60%<SSP<80% ) Filt 2 (80% <
SSP) . LA T K SSP AN T 36.81%~
54.83% 2 [H], SI{H N 43.88%, K FHH B UIf5—K
7 L4300 R 20% Fi 80%:; B 4 T /K 1) SSP{EA T
43.81%~87.24% Z[8), BI{H N 67.93%, /K BT FH —
ML B2 R 22 5 LA o 37.5% . 37.5% il 25%;
454 Wilcox (& 10) m] %, il b b /K E 25
AT AEIK B PR BR DX 5 ANTE B X, T e T 7K 24y
ARAEIK B 232 KRR B X, P4, AR PEVE I 2R 4K
K, KB AT R 5 R 4 2 (S84 055, 2009): 2=
(K,<1.2), 822(1.2<K,<6.0), — i (6.0<K <18)fl
RAF(18<K,) . wimMdbEH T /KM K, 8 2.4~
9.9, ¥l 6.0, KT R 2E5 — M55 53.33%
1 46.67%; Faf b N KA K, {HA T 3.0~8.8 Z ], 2
HA 5.4, KGR KES —BEEH 62.50% Fl
37.50%, FBHAIFST X T A B AR N B g, B
VL, R R ICRE i, By 1k B . N ik 3 AN SRR
PR S5 S mT LA Y, A5 X R 7K A 8 s v
%, FEFERNARE. R X2 R e KR A S A,
K R AR, nTRES R 2 1 = A e, A2
i K PR B R AR, HEIE ) B e IR,
MR KB B 2 A v A 1 B s BRI B, i
Z AN TG SERE, 51 Na & 5, BIEnfeE,
+ M 2t Fy F HOl & 4 (Kawo and Karuppannan,
2018); F1#, T AZETE S %, iR /KoK SCHER{E
PR R, KA E R, bR R,
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g5 bR, AR AR B9 Xl T K A2 4
3B FEE TR R 22—, Xkt T K ik SCHEk 1k
2R PR AR R, TR R A R R, =z
A 5 5 K HE TR R Tl 36 20 14 1 sk R i, (L e
kA 80,75 NO, & 4E, KRR I, Al T &
FEWE . T bR K KT 25 1k, T & R R a5
SO T, HEAR R, 28 R WA VE R AL, 15k
M ER A . R K A AR A IR IR, T R
e BT B IR X, R K SHEAR R, MR K 238 i
PESETA y AZ b 45 B R B A B 5 I
iR £ P 2R LA | BRIRER A S RERR AR A 1k
BAER R, S BUKA A bR 0 25 828 AT TR
B, IR it A (s R 7K NO, MR BE THs, /K%
Ak, T 7K T s T 5 2005 e UG

4 %5 B

(1) BEVY I3 PH e 3 1l KB AR 2 55 e . 39T
B F TDS Ju A 752~2108 mg/L, J& IR K FIHUSK ;
Jti TDS Ju Ny 1232~3768 mg/L, J& UK Fl
Ko KNHLT KPEFBAES 524 Na'Fl Mg®', fL# B
B HCO, 5 SO,7, /Kfk2: KAL) HCO, SO,
Na-Mg Fl HCO,-SO,-Cl-Na-Mg %8 35 HAbF #y7k
e SN e PNE S0 A AR T

(2)BEVYIE P & N KA R B T A A
WAEAE L, e R R 2 (854 A 580 ) iR
B ERh 3%, IR ER E MR R ARz, T
SR SR AR 78 S e A A FH I 2 5 K k2 20
43, BRSEHL KSR G . EAh, BHES T3S R bt
YERMREHET Na &4, Il 7 1 Kb fe .
L R R OKAZ AR TE Sl i, b N KAz
A B i [N, IR e —E R b2 B AR T
KENE R, X N T K NO, 5 SO,
bR

(3) T LRE A K BTHE EL(TWQL) X L T 7K AR
FHIE B AT, G R K B SRR LA 4 32,
MR RIS AR F . K MH. SSP FI K, X7 1,
KR B AT I, X RER A b KRS
FCERE, RV E, 5 EER I i, B 1k 28k, A0
Sif R RIEEREHL, BEIOPE T &, IR B 4
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