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Sp.‘iiial Distﬁibution, Source Anal)m “and Health Ris;:lr{'"'Aééessmeﬂi of Metal Elements.

2. Guangxi Karst Resources™and Environmental Research Center of Engin.eering Technology, Guilin 541004, China; 3. International Research Center on Karst under the
Auspices-of United Nations Educational, Scientific and Cultural Organization, Guilin 541004, China; 4. Department of Municipal and Environmental Engineering, Hebei
University of Architecture, Zhangjiakou 075000, China 5. College of Hydrology and Water Resources, Hohai University, Nanjing 210024, China)

Abstract: Dispersed karst water is an important water supply source, or even the only water supply source, for some districts and counties in Chongging City. It is particularly
necessary to understand the distribution characteristics of metal elements in karst water and the health risks exposed. In this study, the scattered karst water in the southeastern
part of Chongging was taken as the main research object, and the concentrations of Al, Cu, Pb, Zn, Cr, Cd, Ni, Mn, As, and Hg in 42 groups of karst spring water samples
were determined. The spatial distribution of metal elements with a high detection rate was revealed using the ordinary kriging interpolation method, and the spatial distribution
characteristics, sources, and health risks of metal elements were analyzed using multivariate statistical methods and health risk models. The results showed that the quality of
dispersed karst water in southeastern Chongqing was generally good, and the spatial scale variability in the occurrence of metal elements in karst water was strong, especially
for Ni and As. The sources of Cu, Ph, As, Zn, and Cr were mainly affected by the regional geological background; Al and Mn were mainly affected by human industrial ,
agricultural, and mining activities; and Ni was affected by both the natural background and human activities. The total health risk of exposure through the drinking route was
higher than that of the skin infiltration route, which was the main exposure route of the human hody. The total health risk of children exposed through the drinking route was
higher than that of adults, and the total health risk of adults exposed through the skin infiliration route was higher than that of children. It is worth noting that Cr was the
determinant of total health risk. From the perspective of drinking water safety, local residents need to pay certain attention to water quality when drinking distributed karst
groundwater, in order to reduce the health risk of the population.

Key words: karst water; metal elements; spatial distribution characteristics; health risk assessment; southeastern Chongging; source analysis; chromium
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Table 1 ~ Summary of health risk assessment model parameters
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Table 3  Concentration characteristics of metal elements in karst water sources in southeastern Chongging
BiH A Al Cu Pb Zn Cr Cd Ni Mn As Hg
P/ pgL ! 42.55 0.07 — — 3.26 — 1.03 20. 85 0.16 —
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W WREFIX A gL 1.96 ~115.00 nd~0.35 nd nd 2.04~4.88 nd nd~7.12 0.28~82.60 nd~1.34 nd
(n=9) P/ pg-L! 44.67 0.07 — — 0.69 — 360 32.94 0.87 —
RS 1.050 1.06 — — 0.21 — 3.5 1.58 5.40 —
et/ % 100. 00 2.2 0 0 100. 00 0 33.33 100. 00 22.22 0
M gL 36.24 0.03 0.02 4.90 3.82 — 045 4.86 0.01 —
i/ gL 24.20 0.25 0.13 80. 89 3.86 — 0.43 2.04 0.14 —
s WX pgeL ! nd~176.00 nd~0.40 nd~0.18 nd~159.00 2.52~5.28 nd nd~2.76 nd~30.10 nd~0.23  nd
(n=33)  fRifiZ/pg-L-! 41.04 0.08 0.04 110.47 0.81 — 0.4 6.87 0.06 —
TR E 1.13 2.30 2.22 22.54 0.21 — 1.43 1.41 3.94 —
i 2/ % 90.91 12.12 12.12 6.06 100. 00 0 66.67 96.97 9.09 0
Bk Kt/ % 92.85 14.29 9.52 4.76 100 0 59.52 97.62 11.90 0
(n=42) %/ % 0 0 0 0 0 0 0 0 0 0
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Fig. 2 Concentration characteristics of metal elements with detection rate of more than 50% in underground river water and karst spring water
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Fig. 3 Spatial distribution characteristies-of metal elements with detection rate ovpr 50% in the study area
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Table 4 Largest population health risk of exposure of metal elements in different types of water through drinking and skin penetration/a =
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