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Hydrogeological sketch map and sampling point location map of the study area.
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Table 1

Statistics of hydrochemical characteristics of sampling points in the study area.
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3.76 24833 3546 185.14 268.87

256.00 6.32 539.00 850.00 —49.93 —6.61 8.5 6.6 8.12
42530 48.10 951.00 1150.00 —60.71 —8.58 4.5 2.6 2.96
320.55 2491 761.26 1009.53 —55.87 —7.72 6.5 52 591

0.17 0.53 0.15 0.10 0.07 0.09 023 0.18 0.29
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12.77 151.08 33.48 157.25 290.50

129.00 5.80 363.00 691.00 —46.20 —5.59 6.0 8.9 4.80
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Fig.2 Piper diagram of different water sampling points in the study area.
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Fig. 3 The ion ratio relationship of different water bodies in the study area.
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Source Tracing of Sulfate in a Karst Groundwater System in Tai’an City,
Shandong Province

LI Xiaobo"**, LI Mingyi3, ZHANG Xueming2’3, MA Xiaoqiarﬁ, SUN Dawei®, MENG Qinglu3,
MA Chuanming"”
(1. School of Environmental Studies, China University of Geoscience (Wuhan), Wuhan 430074, China;
2. Key Laboratory of Mountains Rivers Forests Farmlands Lakes Grasslands of Shandong Provincial Bureau of
Geological and Mineral Resources, Tai’an 271000, China;
3. Shandong Fifth Institute of Geology and Mineral Exploration, Tai’an 271000, China)

HIGHLIGHTS

(1) The reason for the significant increase of the content of SO;  in karst groundwater in Tai’an City is not clear.
Mathematical statistics, hydrochemical analysis and multi-isotope technology were used to trace the sulfate
source.

(2) Groundwater originates from atmospheric precipitation and is closely related to surface water hydraulics. The
hydrochemical components are affected by both carbonate dissolution and industrial activities.

(3) The research area is characterized by “dualistic structure”. The thin Quaternary cover, combined with its low
protective capacity, renders the karst groundwater highly vulnerable to contamination. Industrial wastewater

discharge is the primary driver of elevated sulfate concentrations.

ABSTRACT: In recent years, the concentration of sulfate in groundwater in northern karst areas has increased
significantly, which not only poses a potential threat to human health, but also affects the safety of industrial and
agricultural water and the sustainability of the ecological environment. However, the pollution mechanism is still
unclear. In order to reveal the hydrochemical characteristics of surface water and hydrochemical process of
groundwater in Tai’an City, Shandong Province, the mathematical statistics, hydrochemical analysis, hydrogen and
oxygen isotopes (0D, 0'*0-H,0) and sulfur and oxygen isotopes (6°*S-SO,, 0'*0-SO,) analysis were employed.
Moreover, the relationship between the increase of sulfate concentration and the hydrochemical component were
discussed and the isotope characteristics and sources of sulfates were clarified. The results show that the
hydrochemical type of groundwater is mainly HCO; SO, Cl-Ca and SO,Cl-Na-Ca type, indicating that the
hydrochemical components are mainly affected by the dissolution of carbonate minerals and human activities.
Groundwater and surface water mainly come from atmospheric precipitation, which is affected by evaporation. The
influence of evaporation intensity on surface water is higher than that on groundwater. The 6**S-SO, and 6'*0-SO,
in groundwater are between 4.5%0—8.5%0 and 2.6%0—6.6%o, respectively, which is close to the end element of sewage
discharge. The analysis of the relationship between 6°*S-SO, and SO?~ content shows that the reduction of sulfate by
bacteria in groundwater is weak, and the effect of sulfide oxidation on SO;™ in groundwater is also weak. SO; is
mainly derived from sewage discharge of industrial enterprises.

KEY WORDS: groundwater; northern karst; sulfate; isotopes; human activities
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