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Hydrochemical characteristics and health risk assessment of shallow groundwater in middle reaches of the Beiru
River Basin//CAO Qiong'?*, LI Yusong'?, MA Lingchun'?, QU Jingyi'?, LUO Yilin'?, GUO Pengliang'?
(1. Ecological Environment Geo-Service Center of Henan Geological Bureau, Zhengzhou 450053, China; 2. Henan Province
Scientific and Technological Innovation Center of Natural Resources ( Synergistic Research on Mining Development and
Utilization and Ecological Restoration) , Zhengzhou 450053, China)

Abstract: To investigate the hydrochemical characteristics, controlling factors, and potential risks to human health of
shallow groundwater in the middle reaches of the Beiru River Basin, 52 shallow groundwater samples were collected.
Statistical analysis and hydrochemical graphical methods were employed to reveal the chemical composition of groundwater
and its controlling mechanisms. The entropy-weighted water quality index (EWQI) method was used to evaluate the current
groundwater quality status, and the human health risk assessment (HHRA) model was applied to assessing the potential
health risks of Mn**. The results indicate that the main cations in groundwater are Ca®* and Na*, while the main anions are
HCO; and SO . The predominant hydrochemical type is HCO,-Mg - Ca, followed by SO, + Cl-Ca + Mg, mainly influenced
by the carbonate mineral weathering. The proportions of shallow groundwater quality classified as excellent, good, medium,
and poor are 9. 62%, 75. 00%, 9. 62%, and 5. 77%, respectively, with no samples categorized as very poor. Mn** is
identified as the most significant factor affecting water quality. The non-carcinogenic risk values for both drinking water and
dermal contact routes are both below 1, indicating an overall low risk. The long-term health risk of Mn®" ingestion through
drinking water requires continued attention.

Key words: shallow groundwater; hydrochemical characteristics; entropy-weighted water quality index (EWQI) ; health

risks; the Beiru River Basin
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Fig.1 Overview of hydrogeology of study area
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H,=1,/F, (1)
H,=1,/F,; (2)

H =H, +H, (3)
Hrp I, =p,RED/(WT)
1, =p.PJEDS/(WT)

K. H, 1, F, S RAROKBE AR T i fiis
Ye AR TR) N FE (B L EE ) HEA B ¥ A R B0 X
G HYBRBREMHBBASER G, H, | 1,
F o 03 50 B A fih i R KR A2 T4 0 RIS e AR
[ A (A BLEE ) A I T 7E JE B0 WG H
KRBREMHBASERE,; p, WL T KB
PTG P R e B s R R UOKBEA B T A E AR
(A BULE) POKBEA R P Ry B2 K32 il st R 7K 38
BRARFRABERASILE) R IRB S REGW .S,
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3 HBREHM

3.1 HTKKFEFE
3.1.1 KAbF R4

WFFEIXIR)Z R KK A 2E bR g T 25 R W3 2,
MFE 2 T LIE R 7K pH {H°N 6. 80~8. 60, ¥{E K
7.20, LAt K R 32 R R XA S5 3K . py A
266. 00~ 1750. 00 mg/L, ¥J{E 1 618. 73 mg/L, LATE 7K
FRAE K N pops A 317.00~1930. 00 mg/L, #4114
k783, 19 mg/ L, LIRZK N 3, Rl X3 R sk, Hh
IR BHES T R R BTN p (Ca™) >
p(Na®)>p(Mg* ) >p(K") >p(Mn*") >p(Fe™ ) B T
[ i Wk B = BT S p (HCOZ) >p (SO7) >
p(ClI") >p(NO3) >p(F) , fb¥d i frfEsin 25,
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Table 1 Parameters of health risk model

ABE R/(1/d)  D/a E/(d/a)  W/kg T/d

P/(em/h)  S/cm?

J/(h/d) HH#EA Mo™ B Ht/ (mg/ (kg - d))

oK ek
A 1.5 30 32 57 10950 0.001 16000 0.6333 0.14 0.0098
JLE#E 0.7 12 12 24 4380 0.001 9700 0.4167 0.14 0.0098

T AR SRR Mn™ HEAT ASAR MR
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Table 2 Statistical results of shallow groundwater hydrochemical indicators

T o {i p(K*)/ p(Na*)/ p(Ca®)/ p(Mg*)/ p(S07 )/ p(Cl)/ p(HCO3)/
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Ie/MAE 6.80 0.00 7.92 62. 80 5.22 15. 60 6.74 196. 00
S N:] 8. 60 20. 70 61.30 615.00 47.20 695. 00 229. 00 796. 00
X 7.20 2.45 31.54 208. 76 22. 64 143.97 83.19 435.08
i 7.20 0.89 29.25 212.50 21.90 130. 50 73. 80 424.00
brifezE 0.30 4.07 13.82 90. 33 10. 43 119.94 49.74 112.93
TRFE 0.05 1. 66 0. 44 0.43 0.46 0.83 0. 60 0.26
B p(NO3)/ p(F7)/ p(Fe*)/ p(Mn?*)/ o/ (mg/L) Pros/ Pcov,,/
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
w/MAE 0.18 0.13 0.00 0.00 266. 00 317.00 0.17
EENE] 62.50 1.69 1.34 1.78 1750.00 1930. 00 2.60
X 16. 07 0.35 0.06 0.10 618.73 783.19 0. 69
K (e 15. 45 0.29 0.025 0.00 616. 50 752.50 0.57
Frif 22 11.81 0.24 0.19 0.35 249.98 287.39 0.52
XY 0.74 0.67 3.06 3.41 0.40 0.37 0.75
3.1.2 HWTFRAKLFER TAKAKAREE AR H AR R 53 A A KARE R 28

Piper 8572 F T U T 7KK AL 22 104 5 4325
REAE P I K A I R P thl R 2 i 2wl
L BIRSE X R K B ES - LA Ca® o 3, Hik g Mg™
FAES T FE %o HCOS ,S0Y Fl ClIkz . M EEF K51
FeARA2E 2 WF9E X LR K 24 HCO,-Mg + Ca
A HYK K SO, - Cl-Ca - Mg AU fE—EFEE £
B R 6 5 1) AR A 42 i b R 7KK A2 Rk 1 32
BHE, MREANERER LSS T EALT
P22 SRR X R E M N K 2 i KRR KA B
TE R, 2 BitR Rk 7 R R R 2 O Vs A P

2 REH#T KK Piper B
Fig.2 Hydrochemical Piper diagram of shallow groundwater
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8 c(Cl)/[e(Cl) +c(HCOS) | M As b 85 45 il
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Fig.3 End-member diagram of shallow groundwater
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