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Indicators of Groundwater Evolution Processes Based on Hydrochemistry and
Environmental Isotopes: A Case Study of the Dongyuan Drinking Water Source

Area in Ji’nan City

ZHANG Ya', SU Chun-li'*, MA Yan-hua’, LIU Wei-jiang'"’

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 2. Hainan Academy of Environmental
Sciences, Haikou 570026, China; 3. United Center for Eco-Environment in Yangize River Economic Belt, Chinese Academy for
Environmental Planning, Beijing 100012, China)

Abstract: The Dongyuan groundwater source area, which is the main drinking water source of Ji’'nan City, is karst fissure water. To
identify groundwater recharge sources, the influence of surface water, hydrochemical evolution, hydrochemical and isotopic components
(*H and "0) of groundwater and surface water samples collected from the Dongyuan groundwater source were investigated. The results
showed that the hydrochemical characteristics of groundwater were similar, and the main ions were Ca’*, HCO,; , and SO} . The
groundwater, which suffered evaporation to varying degrees, was recharged mainly by precipitation. The hydrochemical composition of
regional groundwater is mainly controlled by water-rock interactions, including dissolution/precipitation of carbonate minerals in the
limestone aquifers and hydrolysis of silicates minerals in the quaternary aquifers, above the limestone aquifers. In some areas,
groundwater was polluted by infiltration of river water. The main indicators of groundwater pollution that exceeded groundwater quality
standards were total hardness, NO; , NH,; , SO;™, Fe, and Mn.

Key words : groundwater; hydrogeochemical characteristic; environmental isotope ; water-rock interaction; Dongyuan groundwater source
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Fig. 1 Distribution of sampling points, recharge area, runoff area, and discharge area in the Ji'nan Dongyuan groundwater source area
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samples in the Dongyuan groundwater source area

F1 FiEKEM# TR RAESKEFIERSE T

Table 1~ Statistics for the hydrochemical parameters of groundwater and surface water from the Dongyuan groundwater source area
. XL T K (n=2) WX T K (n=5) HEMEX I T 7K (n=6) HFAK(n=7)

8 B/ME RKME PE RUME BORME CFHE BoME RKRE PHE BROME ROk CFHE
R/ C 24.0 24. 1 24.1 21.4 28.0 24.4 20. 8 27.1 24.5 26.6 31.9 28.9
pH 7.11 7.31 7.21 6.71 7.18 7.03 6. 80 7.21 7.04 7.10 9.12 7.78
EC/uS-cm ™! 648 1432 1040 818.0 1 540 1 067 789 1382 988.0 2 1504 820
TDS/mg-L~! 168 744 456 226 728 411 236 671 389 165 1183 471
S (CaCO, 1) /mg- 17! 368.4 845.2 606.8 449.9 808.7 571.7 430.9 639.3 514.0 1077 1852 1445
K*/mg-L™! 0. 60 0. 80 0.70 0.57 1. 86 0.98 0. 65 3.58 1.38 5.41 29.68 11.87
Na*/mg-L~! 10.79 46.36 28.58 23.16 73.61 40.74 19.32 70.04 42.01 31.98 232.8 84.99
Ca’* /mg-L~! 125.7  279.2 202.4 143.0 273.7 189.2 135.5 202.0 159.9 56.7 177.2  120.2
Mg®* /mg-L ™! 13.20  35.91 24.56 17.49 30.33 24.08 21.70 34.53 27.84 15.89 53.17 27.95
NH, /mg-1.~! 0.02 0.02 0.02 0.01 0. 05 0.03 <0.01 3.97 0. 69 0.10 >4.00 2.41
Fe?* /mg-L~! 0.24 0.83 0.54 0.13 0.54 0.25 <0.01 0.59 0.18 0.03 1.59 0.50
HCO; /mg-L~! 252.6  342.3 297.5 285.8 387.8 315.7 273.1 316.1 285.7 99.8 451.5  220.0
S0~ /mg-L~! 109.9 298.3 204.1 100.9 248.3 151.1 98. 1 302.9  155.7 0.2 522.2  217.4
NO; /mg-1.~! 15.2 145.6 80. 4 24.7 140.3 64.7 25.3 53.7 37.9 <0.1 8.7 1.7
Cl~/mg-L~! 18.00 104.8 61.39 55.40 150.0 95.85 53.89 168.5 104.6 45.24 2959 118.14
Sr/mg-L ! 0.19 0.42 0.30 0.31 0.69 0.42 0.35 0. 63 0.50 0.25 1.18 0.56
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Table 2 Analytical results for hydrogen and oxygen isotopes of groundwater and surface water in the Dongyuan groundwater source area

FE i KA m R/ m 8D (V-SMOW ) /%o 8"%0(V-SMOW ) /%o
DY-01 AR Dl e 160 -59.4 -8.2
DY-02 —HHR A &I 170 -59.3 -8.0
DY-03 REXIKT 6 FH: 200 -59.5 -8.3
DY-04 LR B P BRMD 27 300 -54.8 -7.6
DY-12 TR Tk X - -61.1 -7.17
DY-13 FOBETTH 160 -61.0 -8.4
DY-14 /NS AR AR 80 -57.4 -7.6
DY-15 GERa BRI K I 300 -59.9 -8.4
DY-16 BRaEE AR BN 300 -61.7 -8.6
DY-17 AR B &5t 200 -60.3 -8.3
DY-18 B 7 5 168 -58.9 -8.0
DY-19 Fead 10 53 200 -37.7 -3.6
DY-20 %A AN 167 -57.4 -7.9
DY-05 AR L i -57.3 -8.9
DY-06 e iR ay3 -52.9 -7.2
DY-07 AT B A -60.3 -8.5
DY-08 K2R A T i -92.1 -12.6
DY-09 KA TR AR T -47.5 -6.1
DY-10 INDUE VR T Ui -51.2 -7.3
DY-11 ARTGEANHETS R -55.4 -8.1

1) “—" IR AR E TCHI R FERE

B3 FEKREKiREGTKRMERKSD Fs0EX R
Fig. 3 Plot of oxygen and hydrogen isotopic compositions

in groundwater and surface water
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