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Abstract: The large-scale development of shale gas is vital for enhancing energy security and driving regional economic
development, yet systematic studies on the potential pollution risks associated with shale gas extraction activities in karst regions
remain scarce. This study, focusing on the Fuling shale gas extraction area in Chongqing, investigates heavy metal concentrations and
their spatial distribution in soil and groundwater during April to June 2024. It aims to identify potential sources of heavy metals and
assess their environmental impacts. Through source apportionment and pollution risk assessments, the study clarifies the contribution
of shale gas extraction to changes in heavy metal concentrations in both soil and groundwater and evaluates the associated pollution
risks. The findings reveal that while most heavy metals in the soil and groundwater do not show significant exceedances, slight
exceedances of Cd, Pb, and As were observed in the soil. Notably, Ba and Sr exhibited substantial enrichment and high spatial
variability, with the average Ba concentration in soil reaching 561mg/kg, nearly twice the regional background level. The pollution
indices for Ba, Sr, Cd, and Cu in soil were 3.08, 2.07, 1.42, and 1.21, respectively, indicating that shale gas extraction plays a key role
in the accumulation of Ba and Sr in the environment. Furthermore, strong correlations (0.84, 0.78, and 0.76) between Cu, Sr, and Ba
in both soil and groundwater suggest a common source for these metals. Source apportionment using APCS-MLR and PMF models
revealed that agricultural, natural, shale gas extraction, and industrial sources contributed 17.1%, 28.1%, 15.4%, and 39.4% of the
heavy metals in the soil, with shale gas extraction accounting for 50.9% and 47.4% of the Ba and Sr concentrations. In groundwater,
shale gas extraction contributed 14.6% of the heavy metal concentrations, with Ba contributing as much as 30.3%. Overall, while the
pollution levels in the soil-groundwater system of the Fuling shale gas extraction area are relatively low, the localized enrichment of

Ba and Sr presents potential ecological risks. These findings provide a scientific basis for environmental monitoring and risk
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management of shale gas extraction in karst regions.

Abstract: shale gas; Karst regions; soil and groundwater; heavy metal; source apportionment; risk assessment
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Fig.1 Sampling locations in the Fuling shale gas extraction area
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Table 1 Descriptive statistics results of heavy metal
concentrations in soils of the Fuling shale gas

extraction area

HEm REERE e bREE AR AL Ky

KA (mgkg) HfH(mgkg) (mgke) (%) SFfE(mg/ke)
cd  0.12~043 0.34 0.08 327 025
As  5.70~24.0 16.6 4.80 342 14.9
Hg  0.04~0.21 0.11 0.03 293 0.098
Pb  142~346 276 555 214 263
Cr  483~110 64.7 16.7 252 66.1
Cu  13.1~729 33.0 135 40.0 335
Ni  12.9-55.7 336 10.7 314 336
Zn  44.4~124 79.1 18.3 229 923
St 51.9~152 82.0 249 303 60.0
Ba  206~2914 561 253 737 283
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Fig.2 Spatial distribution of Sr and Ba concentrations in soils surrounding drilling platforms of Fuling shale gas extraction area
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Table 2 Descriptive statistics results of heavy metal

~

concentrations in groundwater of the Fuling shale

gas extraction area

HEmARM  WEEE CPSEEeeD)  WfERZE 2R R (%)
Fe 1.82~30.4 5.56 6.57 118
Mn <MDL~0.36 0.115 0.13 113
Cu <MDL~1.30 0.279 0.39 139
Zn <MDL~5.20 2.35 1.66 70.8
As <MDL~0.99 0.135 2.94 217
Cr <MDL~0.63 0.275 0.15 55.0
Sr 120~2204 604 622 103
Ba 14.1~529 70.7 121 171
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Fig.4 Pearson correlation analysis of different heavy metals in soil (a) and groundwater (b) of the Fuling shale gas extraction area
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Fig.5 Correlation analysis of heavy metal concentrations between soil and groundwater of the Fuling shale gas extraction area
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