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Fig. 1 Hydrogeological map of the study area
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Table 1 System of karst water source area of Chengxi water plant
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Fig. 2 Time axis of arsenic pollution events in groundwater of Chengxi water plant
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Fig. 3 Layout and distribution of sampling in the karst depression in the east of Sanjing arsenic factory
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Table 3 Sampling information
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Sources and pathways of arsenic pollution in the karst water source area
in the west of Jinchengjiang district, Hechi City

LIU Weiwei', JIA Long™, LIU Chang', ZHOU Fubiao™

(1. Geological Environment Monitoring Station of Guangxi Zhuang Autonomous Region, Nanning, Guangxi 530022, China; 2. Institute of Karst
Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 3. Technology Innovation
Center of Karst Collapse Prevention, CGS, Guilin, Guangxi 541004, China )

Abstract Karst groundwater is an important water resource in karst areas of China and even the world, which plays
an important role in people's life and industrial and agricultural production. A karst aquifer is composed of
interconnected karst pores, cracks, caves, pipelines and other multiple media, which has strong capabilities for water
collection, storage and drainage. Because soil layers in karst areas are generally thin, pollutants can directly enter
groundwater aquifers through soil layers, sinkholes and karst cracks, which makes karst groundwater extremely
vulnerable to pollution. Due to several reasons in the past, some old industrial slag yards were built on karst caves and
cracks, but no effective anti-seepage measures were taken. Many incidents of karst groundwater pollution caused by
leakage of slag piles occurred in China.

In order to study the characteristics of sources and transporting routes of pollutants in karst underground water
sources, this study took the karst water source of Chengxi water plant in Jinchengjiang district, Hechi City as a study
area. By investigating the causes of arsenic anomalies in this plant and conducting hydrogeological analysis, this study
identified pollution sources and sampled in the contaminated site to assess the arsenic pollution sources. The sources of
arsenic pollution were found out, that is, the former site of arsenic factory and the karst depression to its east in Sanjing
village, Wuxu town, Jinchengjiang district. The waste slag piled on the site of Sanjing arsenic factory was alluvial with
the flood in the gully and bottom depression. Under the long-term action of rain, sunlight, air and microorganisms, the
waste residue underwent complex chemical reactions, releasing heavy metal ions. Leachate seeped into groundwater
through sinkholes and karst cracks, forming pollution sources. Arsenic concentrations in the contaminated site range

between 7.17 and 25,200 mg-kg ', with an average concentration of 1,296.3 mg-kg '. The area where the arsenic
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rock fractures affect the water balance, with dolomite gravel under the soil having a higher water retention capacity
than limestone blocks, leading to higher evaporation losses and lower runoff. Lastly, the response of water balance and
underground runoff to different rainfall patterns varies significantly with soil-rock structures. Low-fracture limestone
blocks beneath the soil (fracture porosity of 8%) have high water conductivity, allowing small rainfall to easily
infiltrate and form substantial peak flows. In contrast, dolomite gravel beneath the soil, with a higher water storage
capacity (fracture porosity of 40%), facilitates the accumulation of infiltrated water during heavy rainfall, leading to

larger peak flows.

Key words Kkarst, soil-rock structure, subsurface stormflow, water balance, runoff response characteristics
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concentration is higher than the risk control value of other agricultural land (120 mg-kg ') covers about 22,297 m’, with
an average thickness of 2.5 m. The volume of arsenic contaminated soil is 55,742.5 m’.

Two tracing tests of underground water found that arsenic flows to Chengxi water plant through underground
karst runoff, and the pathway is as follows: karst depression in the east of Sanjingcun arsenic factory — Xingdong in
Xingdong village of Liuwei town — Fandong — Oudong — Nalong reservoir (underground runoff zone) — Chengxi
water plant. The runoff is 12.25 km long with a groundwater flow rate of 0.86 km-d ' and a permeability coefficient of
0.995 cm's .

The long-term monitoring of water quality shows that the arsenic content of Chengxi water plant is at risk of
exceeding the permitted level of Class III (0.01 mg-L ") during the flood season. Therefore, it is necessary to control
the pollution source (karst depression in the east of the arsenic factory) and to strengthen the monitoring of
groundwater quality in the water source area of Chengxi water plant by setting up monitoring points for long-term
observation of water quality at key points in the runoff area. For example, new monitoring points can be established at
Lingxiao spring, estuary of Dula underground river, Xingdong skylight and Fandong skylight.

The pollution source is located outside the quasi-protected area of the water source of Chengxi water plant.
Considering that the water source mainly consists of karst water, and the groundwater primarily flows through karst
pipelines, the pollutant runoff path is long and the attenuation is slow, it is suggested to expand the quasi-protected area
of the water source of Chengxi water plant, with the southern boundary defined by groundwater divide of Longjiang

karst groundwater system and Diaojiang karst groundwater system.

Key words Kkarst area, groundwater, water source area, causes of pollution, tracer test
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