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Abstract: The southwestern plain of Shandong Province is located in the lower reaches of the Yellow River, and there are few studies
on the chemical genesis of groundwater in this region and the mechanism of its influence on fluorine enrichment in groundwater at this
stage. In this study, 36 shallow groundwater samples, 16 deep groundwater samples and 2 Yellow River water samples were collected
for comprehensive analysis and testing. By means of statistical, correlation analysis and water chemistry simulation, the chlor—alkali
index (CAI) , Durov diagram, Gibbs diagram, Ca®™/Na"~Mg"*/Na" diagram, 10g;,(Ca™), iy 10210(F) sy diagram were constructed,
and then the causes of groundwater chemistry and its fluoride enrichment mechanism in the study area were analyzed. The results
showed that the chemical types of both shallow and deep groundwater in the study area were mainly HCO,—Na, indicating the overall
alkaline, the fluorine content of groundwater was 1.59 mg/L and 2.35 mg/L, respectively, and the level of fluorine content in deep water
varied less than that in shallow water. The fluorine content in shallow groundwater in the area was significantly negatively correlated
with Ca*" content and positively correlated with pH value. The fluorine content in deep groundwater was significantly and positively
correlated with Na* and TDS values. The chemical composition of groundwater in the study area is mainly controlled by water—rock

action and cation exchange, and the fluorine content of groundwater mainly comes from the dissolution of fluorite (CaF,), and is
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controlled by Ca" content. This study revealed the fluorine enrichment laws and influencing factors in the main groundwater aquifers in

the lower reaches of the Yellow River.

Key words: lower Yellow River; southwest of Shandong; alluvial plains; high fluorine groundwater; hydrochemistry; cation exchange
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Fig. 1 Location of the study area (a) and schematic diagram
of hydrogeological structure (b)
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Table 1 Statistics of chemical components of main water bodies in the study area

0w/ HK BZHT K (=36) RIZMT K (n=16)
(mg'L™) it FF BORME S WME FEE RRRK R WME FEE RRREK
K 3.68 421 2.75 0.04 0.74 0.77 1.88 0.41 0.66 0.51
Na' 96.74 91.37 1853.12 68.44 391.64 1.03 350.53 184.83 274.29 0.14
Ca™* 59.59 55.18 361.57 8.45 86.39 0.95 2831 347 827 0.68
Mg™ 29.16 28.09 766.19 12.40 115.71 1.24 18.52 1.96 9.53 0.55
cr 89.55 93.49 2542.55 21.26 381.45 1.51 150.74 32.14 92.52 0.38
S0, 160.54 15021 4085.37 11.67 420.59 1.90 206.97 59.57 12521 039
HCO, 22462 195.00 140446 419.61 695.03 0.30 530.69 375.18 449.35 0.10
Co,” 0.00 0.00 0.00 0.00 0.00 55.84 0.00 14.28 1.38
F 0.23 0.32 4.52 0.19 1.59 0.64 352 1.08 235 0.28
co, 0.00 0.00 15.21 0.00 6.99 0.50 0.00 0.00 0.00
TDS 57338 538.13 9986.68  520.96 1767.28 L11 101890  627.64 768.59 0.15
pH 8.31 8.32 8.33 6.97 7.62 0.04 8.69 8.17 8.36 0.02
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Fig. 2 Durov diagram of main water bodies in the study area
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Table 2 Correlation between fluoride content and main chemical indexes of groundwater in the study area
PN AL Na” Ca* Mg cr SO~ HCO,~ pH H,SiO, TDS
2K r -0.07 -0.60 -0.31 -0.30 -0.22 0.30 0.55 -0.17 -0.23
n=36 P 0.70 0.00 0.07 0.08 0.21 0.08 0.00 0.32 0.19
=T K r 0.69 -0.34 0.22 0.45 0.41 0.27 0.13 0.15 0.61
n=16 P 0.00 0.19 0.40 0.08 0.12 0.31 0.63 0.57 0.01

e AEHAS 7 ARER MR, BN IEARSEER . ML 2 B K p=0.05, RiE3E; p<0.05, B3; p<0.01, JEH B3#
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7K SCHER fh A A

SR E(CAD WS Bl i — 25 1 1 K AR v BH B
Tt B & A D7 0 (B B AR, 2016), HAO A
N (3)(4), 24 CAI>0 if, FaH# FKH Na*,
K5 HE & KAN i Ca®' . Mg> k4 T 384
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AR 558 1, 22 AR 5T DX 45 /K A Hh B S 1 A 4 1)
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S, BRJZEHL N K BH B T ae eV E R A i, 457K AR

HRURE R S S AT B CAT 46 3o (A8 KT T o R 34
ST DK A R K R RO 4 BH B T A A
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Table 3 Statistics of simulation results of mineral

saturation index of main water bodies in the

study area

PIEN Shywe Sluza Sl Slyz;
st/ 0.85 1.64 -1.54 237

HEA K
T 0.78 1.51 -1.59  -2.10
FRME 0.90 229 -019  -029
WEBTK  wME 0.18 058  -281 -226
(n=36) T 0.53 138 -1.70  —L13
TRFE 038 029  —035 —049
BRME 0.86 1.73 -2.00 —1.03
RBEHBTAK — =ME 0.11 028  -3.03 -193
(n=16) M 0.28 090 261 -135
WRER 059 039  —0.11 -020
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Fig. 6 Ca®/F —=SI fluorite diagram (a) and log,,Ca’—log,,F~ diagram(b)
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Fig. 7 Chemical genesis and fluorine enrichment mechanism

of the groundwater in the study area
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