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Abstract: The protection of groundwater environment is a critical foundation for the sustainable utilization of
regional water resources. To address the issues of groundwater quality characteristics and human health risks in
industrial and agricultural area of Guanzhong plain, this study systematically collected 38 groundwater samples
and comprehensively applied mathematical statistics, Piper trilinear diagram, ion ratio analysis, and entropy-
weighted water quality index (EWQI) methods to analyze hydrochemical characteristics and assess health risks.
The results indicate that: (D The concentration order of cations is Na >Mg* > Ca>>K’, while the concentra-
tion order of anions is HCO, >S0,” >CI >NO, , with the main hydrochemical types being Na-Cl-SO, and Na-
Ca-HCO;; @ The hydrochemical evolution is dominated by dolomite dissolution and cation exchange, and the
distribution of NO, concentrations is closely related to industrial activities; @) EWQI evaluation shows that
92.1% of the samples are suitable for drinking, with poor-quality water mainly concentrated in the industrial ag-
glomeration area in the central-southern part of the region; @ Human health risk assessment of F~ and NO;~ in-
dicates that the non-carcinogenic health risks for different populations follow the order: children> adult fe-
males > adult males. It is recommended to reduce health risks through targeted measures such as optimizing in-

dustrial layout and controlling agricultural non-point source pollution. The research results provide a scientific
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basis for groundwater pollution prevention and sustainable management in the Loess Tableland region.

Keywords: groundwater; hydrochemical characteristics; groundwater quality; human health risk
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i) Z IRAK SRR . B A K AR K BTG T
SEA s, S KO A Tl AR 7 1Y B KR (Xu et
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DA I K BT £ (WQD) VAR, I8 B 2 £k A sl 1k 4
SEAE AR IR, HE— 20 X A B XU #E AT T PR AR A
HILE B G Z B 55,
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Fig. 1 (a) Location of the study area and (b) sampling points
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Tab. 2 Exposure parameters in human health risk assessment

S8 CEBUR) Hfr JLE AR 22 A 5
Ci 5 e W) e Bz mg/L - - -
IR WROK LR L/day 0.7 1.5 1.5
EF B 88 Jil days/year 365 365 365
ED 5 2 5 85 i 1] years 12 32 32
ZHOmA
BW KT (F-45) kg 26.8 59 69.6
AT 3k BU 7 7 0[] days 4380 11 680 11 680
RfD,. F HHEA S 2% | i mg/(kg-day) 0.04 0.04 0.04
RED,, NO,H #45 A &% | & mg/(kg-day) 1.6 1.6 1.6
KRB & R cm/h 0.001 0.001 0.001
Ci 15 Yy ik 1% mg/L - - -
¢ 4 itk A5 28 5 [R] h/day 0.4 0.4 0.4
CF &4 5 1 - 0.001 0.001 0.001
EV {5 W times/day 1 1 1
SA Be Ik 3 fik 1T AR om’ 8905.41 16 246.82 18 230.74
2 Bz R % BH £ 5 (V1) cm 99.4 158.00 169.70
EF 7% 18 Wi % days/year 200 200 200
ED i 25 %% 55 I [1] years 12 32 32
BW i H (P 1) kg 26.8 59 69.6
AT E BU 7 8% 0[] days 4380 11 680 11 680
REDyormy FIEZ IR 42 i 5 25 0] 12 mg/( kg-day) 0.04 0.04 0.04
REDy..,, NOEL 348 A 5 7% | it mg/( kg-day) 1.6 1.6 1.6

(TDS) {5 [E >~ 274.00~ 11 024.00 mg/L(HJ{E >~ 1 461.53
mg/L), H 1 —4b TDS ¥ i 5 ik 11 024.00 mg/L, &
K F) LA 44 4L (WHO, 2011) FIF HLE 594K s 1
(1 000 mg/L), 4 1A %% i 483 TDS ¥ 4f I 2 1k /1
(1 2), d B R 43 i Bl Bt 8 HL RS RO B /N o
TDS ¥ J5 45 DIl 3 22 7 A 7EWF 58 IR B A AR L
W 3) . M RAKPHEF K. Ca M il Na' ik

FETL RS> 51 M 0.41~1 500.00 mg/L, 1.41~116.00 mg/L,

0.76~339.00 mg/L 1 10.97~2 117.50 mg/L(H: ¥ & #&
YKH 43.07 mg/L. 47.04 mg/L. 97.56 mg/L. 301.27
mg/L) ., Ca™ ¥ & Bl 00 B B A X ok, - HL R 3
AEFPERF ST X PG LR (& 1, 18 2) . Mg™ e B B A7 A
L5 HH B A R R AE — M, 26 Mg ) vk i 4K
P AN G A 53, S AT A oA, vk BE 25 8] 4 A
FEAE P EIF AT X VPGB . Na e 3 5090 9% 3h /0N, %L
P A s v B 23 () o3 A 32 B4R TP AE B9 X AR R 36
1B F CI'. F'. NO, . HCO, #l SO, HY i J& 73 %l

3.16~4 576.50 mg/L. 0.31~328 mg/L. 0.00~47.20
mg/L. 66.04~4 405.10 mg/L F1 21.00~988.00 mg/L (14
fE} 310.45 mg/L. 1.14 mg/L, 9.80 mg/L, 661.82 mg/L
H1326.35 mg/L) . Hrr, CIHI HCO, 1 He i B8 ik 5
/N BB TR AE , HCO, e FE 35 iy IX 3 3= EAR TR 7EIF 5
X ZRREHB o F o J 4 vy DX sl 2 243 A 7R AT 9% X 7 e
MR . NO, BB A TER Z 5 W 0 HE T ER K
B — 1, 22 B NO; V& B2 B4l 19 70 A 2 A A o A,
e B 23 () o3 A1 AR WP AR AR IX P LS . SO, e
A2 e Xk AR R AT X AR AL . (AR R A,
KT Ce B 1 25 8] 43 A AR AL, 3222 430 A FE 92 X AR
R, X IR B AT AT RE TR T AR R] A AT 30
3.2 KLFEEKE

BT RS X R kP Na', K, ca™, Mg, CI',
HCO, 1 SO,” A& K 22 il Piper = £k &1, LA X
Bl bR K KAk SR AL AR AE (L 4) o

X 7K BA S 7 (9 5 7 3 Na™>Mg™ > Ca™ >
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Fig. 2 Statistical Box and Whisker plot of main indexes of groundwater
Fx3 MTAKEERRFEITHN
Tab. 3 Statistical analysis of main indexes of groundwater
EEAE R pH TH (mg/L) TDS (mg/L) K' (mg/L) Na" (mg/L) Ca* (mg/L)
B KAE 9.70 1583.00 11 024.00 1 500.00 2117.50 116.00
i /ME 7.10 28.00 274.00 0.41 10.97 1.41
¥ 7.68 579.13 1461.53 43.07 301.27 47.04
b 2= 0.43 355.72 1683.70 242.81 321.60 28.00
5 R 0.06 0.61 1.15 5.64 1.07 0.60
U g 13.37 0.94 29.86 37.95 29.15 0.08
i 13 2.98 0.95 5.19 6.16 5.09 0.93
F 5 bR Mg" (mg/L) Cl (mg/L) NO, (mg/L) S0, (mg/L) F (mg/L) HCO; (mg/L)
i K1H 339.00 4576.50 47.20 988.00 3.28 4405.10
e /M 0.76 3.16 0.00 21.00 0.31 66.04
M 97.56 310.45 9.80 326.35 1.14 661.82
b o 2% 72.31 723.27 11.51 202.17 0.60 662.06
SR 0.74 233 1.17 0.62 0.52 1.00
353 243 35.22 2.58 1.60 3.50 29.28
i & 135 5.84 1.62 0.85 1.48 5.11
K', B3 F 09 5 F L ¥k HCO, >SS0, >ClI >NO,,  (Gibbs, 1970), H k#5321 TDS J&i JE A X

PHE F MBI T EZ LA Na il HCO;, h (£ 3, K 4),
Hi T 7K Ak 2% 2 1 32 % Na-Cl-SO, %4 I Na-Ca-HCO,
U, HE 5 SR 31.6%, 5 5 R 39.5%.

3.3 KUEEBES R

3.3.1 Gibbs % #7

Gibbs FE )72 F T M1 KR 5 7 21 43 il R 28 A

KO\ A bR, LA CI/(CI+HCO, ) Fl Na /(Na +Ca2*)jﬂfﬁ
AR, R AAREIK A AR 78 4 A BRI
FXF KA TE B B 0 5 i (XUMR A, 20235 58 8 51 55,
2024; KA T AE, 2025) . BTl E A CI/(CT+HCO, ) il
Na'/(Na'+Ca™") 55 F L fH 43 514 0.01~0.66 F1 0.26~
1.00, BT XS A o 25+ R B T A Tk SR
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Fig. 3 Spatial distribution diagram of chemical composition concentration in study area
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S X (B S), H 7 17K A ELA R 5T X T
IKAGATE B 3 25 4 KRR 2 Y ) 28 R A

50 DX SRR 1 A5 A, T HE T 6 1% X el T ik

A 3%, M K A2 20 53 IR 37 125 KA TS i
332 EEBTIILHH

KA T 4B 12 4 1 L A AE I S8 KA S TR IR
75 1 B DSR2 A XN E B L
(B, BEAE IR AT BIF 5 X 7K ST ER Ak 27 14 76 Ak it 7

(w4 %, 2022; 38445, 2023) . A ERIE M AR
Na Fl CIURYEEIR FE A 12 1, T RL CI/Na i F ok 8 75
T 7K H Na'fil CL# 3 ¥R (Liu et al.,, 2022; Wu et al.,
2018) . HIF5E XA 43 b T K BE i b T R A I y=x
2k LN (& 6a), ClI/Na'{ fy 0.02~1.40, 3 ¥ {5 K
0.53, H. Na'Vf B 3% = T CUMRFE . 1 L AT 4fE B, Na”
A CUHARVR T 48 AV i b B2, b 1 Na ml RESR IR T
B9 XAAE ks 1 A8 e ad 72 . {B% SO,” il Ca”'LE
EHEEF 1, A7 A Wit~ K b SO, Al Ca™ T ZER IR T
T R 45 0 0 1) 4 fifk S 02 (2% I¢ 55, 2018; Wang et al.,
2023) o FFE X KR4 1R AR o A A0 B T 1Y)
y=x 22 I, HARTE y=x ¥ il LBt (18] 6b), % B
fi SO,” AT Ca® Y 32 B2 R IR 41 75 VA ik, (LTl o —
SRR, HEW AT BE A7 AE PR ES TS E L 3 Ca™ MR
FEAR, k#5177 H A B R R 57 W) 1 ¥ i, 3K SO, ik
BT . a4 HT Ca¥ R HCO, 1Y HE A K (8] 6¢), 1]
HIBESE X Z B AR AL T A = A B y=2x & 1, AL
A W DA BE AL 2 A R y=2x T AV
FREE y=x (3 VB X 38, 7R 5 AR5 IX bR K rh Ca™
HCO, F 2RI T 1 = A % % (Yao et al,, 2022), ) />
o 22 B A R g . it — 2B BRI K A A
AR 52 m oy 2, A G Tk R IR Mg®/Na'
Ca’'/Na'LA K HCO, /Na'{H, ¥4 i 2 i 5 2R K
a3 R B R AR L RE TR FhH M ZE R A aX 3 Rl e
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Fig. 5 Gibbs diagram of groundwater samples in the study area

(Xing et al., 2013) . 7£ Mg”'/Na'#il Ca® /Na {1 & 1 L Id
(1 6d. 5] 6e) H, Ml N /K FE 5 4R 43 A T RERR h 25 F
78R A Z A i X5 HL R S8 RE R R A i 4 A
HCO, /Na I Ca*"/Na 1t 5 T FL{H B v, BF 58 X b 7K
FE il B T RERRERL 77 5k R R A 0 ol Vi X, HOE
VT RERRER 733 TC, 3X 703 R W52 DX 1 R 7K 2232 i
1R ER A W) RARAE FH 4t 26 52 )

HCO, +S0,” #l Ca™+Mg™ — & Y L. {8 18 o] F T4
Bk A R £k 2 FRE TR £ 5 19 BN 1% 50, 4n SRAAZ it
P E A, FE s 2350 AT TE y=x W A2k b (B3
45, 20245 B, 2024) o MR KRS E B TE y=x
2k b5 (B 6f), i — 25U S8 1 fk PR 3 KAk Xt b T 7K Ak
SHMEA BERW, 5 LR —8. (Na'+K'—Cl)
5(Ca™+Mg™)—(HCO, +SO,”) iy HL (Bt Fe e 1 85 158
BefAEAE . TS EL CAL-L Al CAL-IL 2 H) 5E & /K2
&M BT AT i 1Y B LR B (Kumar et al., 2018), 7 2y
K7D AL (18) Kt

CAI- =(CI" —(Na* +K*))/CI” (7
CAI- =(CI" = (Na*+K"))/(HCO; +SO7 +CO; +NO;)
(13

R K CAL{E R 280/ T& (Kl 6h), KIRTE
ST X S AR S AR TE PR S - 2c 4 ik 72 . B i g
B (SDAE M=K 50 Y Z R4 T3 it sl Ve R A 1Y
KA SR, AR K SCH IR A 2= F oY S B L
(3 26 WUAE, 20235 B 7K AR 45, 2025) . A BF 55 4 1
PHREEQC 3.9 it E it A . Mo f . ABHEER
Y ARLFNFE £ (B 61), M KA it v O i 1 STF-34(E
4 0.10, A= A0 SIFBIME Y 0.77, RIS X HF
KT A H o A R B A A FRAE 5 Hb R KR
B A RA ER Y STOFJ4{H 43 ) S —0.83 F-6.14, £

4 AL R AL T AR FIR A
3.3.3 NO; A= Cl kR 4547

FEHL T K A BRI 32 ARG 3l 2 S S TR T,
H Ay NO, Al CLi vk BE & R T s &%, JF H
NO, /Na'Hl CI'/Na (#0857, ) & BN Ry i 3l oo iF 5% IX
Hi R KR e AR B ROR (2 A0 B 4%, 2021) . #E NO, /Na'
HCI/Na (B & (& 7a, & 7b ) v, H R AKRE 5 3230 A
FEI T 15 7K i AU T Byt 22 18] 1) DX, AR5 H 53 A
BB 78 SO, /Na F1 NO, /Na' (B [ v, #F 5 X ak
P SO,” e B K T NO, e B, HLFE Sl 0 1) Tl 3 30
— i, P A BT LR K H ) NOs R CL A IR %257
BT Tl V57K B 520, ) s 38 43 52 B A4 3% 315 7K
I
3.4 BEFHEAUKERIEE (EWQD Bk BK B4 #

TEAK 48 £ (EWQI) 2 DAl b T 7K 2 75 18 51K
JH B 22 T HL, a] DAk 2D PR 220 SR T A R 110 1R 25
R A FE AR 25 A VE O B2 AR R (Xiao et al., 2021) .
HRAE AW I L 90 45 2R, ADR K BT8R S 9000 5 91,
SRR T (25) . R (25~50) , H145(50~100) , 2%
(100~150) Fte 22 (=150) o HoHp, AKFSHFH N “BF”
CRGE” BT KK BUEGE Bk AR . AR
A5 R R U], EWQI {H % 2h i Bl 7E 10.56~703.53, °F-
YA 70.17, WFFEXRES 43 Hb R KBS AR AL T ¢ R
7 M s XK 8a), 13.16% BIEEMAL T “1
757 XL, 34.21% BIRE B T “ RAEFT 250, 44.74%
(ORESD IR T “ AR JEE . FAAE 3 R EWQL{E
KT 100, HAK BRI M 2, s ' AR .

FIH ArcGIS 10.7 ZKAF%F EWQI JF J# Jz i 25 A% &
A5 Hr AT 0, D58 XK BB R 2 0 AP B2 1Y
FRAE (P 8b) o b T /KA & EWQI B8 i 48 4 Tk I BR
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Fig. 6 Correlation diagram of main ions in groundwater and their ratio coefficients in Gaoling area
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B SR XU, (n i MR 2 G . A L B HRIRARAE
K45 ) (Zhang et al., 2021) . & 8 WU ALY), &1k L
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Tab. 4 Results of groundwater health risk assessment in

the study area

REfE d/AME EORME PHE ARk
PR 0.17 1.77 0.62 0.32
HI- k) 2otk 0.20 2.09 0.73 0.37
JLE 0.20 2.15 0.75 0.38
PR3 0.00 0.64 0.13 0.15
HI- R & Zotk 0.00 0.75 0.16 0.18
JL# 0.00 0.77 0.16 0.19
PR 0.18 1.78 0.75 0.28
HI-& Eigia 0.21 2.10 0.88 0.33
JL#E 0.22 2.16 0.91 0.34
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Fig. 9 Spatial distribution diagram of health index for human health risk assessment in different age groups
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