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Response Mechanism of Trace Metals in the Bishuiyan Subterranean River to

the Rainfall and Their Source Analysis

ZOU Yan-e''*, JIANG Ping-ping”’, ZHANG Qiang”**, TANG Qing-jia>, KANG Zhi-giang’, GONG Xiao-
ping”, CHEN Chang-jie’, YU Jian-guo’

(1. School of Water Resources & Environment, China University of Geosciences, Beijing 100083, China; 2. Key Laboratory of Karst
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541004, China; 3. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 4.
School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 5. Guangxi Geological Survey, Nanning
530023, China)

Abstract: High-frequency sampling was conducted at the outlet of Guangxi Bishuiyan karst subterranean river using an automatic
sampler during the rainfall events. The hydrochemical drymanic variation characteristics of trace metals (Cu, Pb, Zn, Cd) at the
outlet of Guangxi Bishuiyan karst subterranean river were analyzed, and the sources of the trace metals in the subterranean river as well
as their response to rainfall were explored. The results showed that the rainfall provoked a sharp decrease in the major elements (Ca** |
Mg**, HCO; , etc. ) due to dilution and precipitation, while it also caused an increase in the concentrations of dissolved metals
including Al, Mn, Cu, Zn and Cd, due to water-rock reaction, sediment remobilization, and soil erosion. The water-rock reaction was
more sensitive to rainfall than the others, while the sediment remobilization and soil erosion took the main responsibility for the chemical
change of the heavy metals. The curves of the heavy metal concentrations presented multiple peaks, of which the maximum was reached
at 9 hours later after the largest precipitation. Different metal sources and the double-inlet structure of the subterranean river were
supposed to be the reasons for the formation of multiple peaks. During the monitoring period, the average speed of the solute in the
river reached about 0. 47 km-h ™" | indicating fast migration of the pollutants. Therefore, monitoring the chemical dynamics of the karst
subterranean river, mastering the sources and migration characteristics of trace metal components have great significance for the
subterranean river environment pollution treatment.
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Table 1 ~ Statistics characteristics of metal elements and the main ions concentrations in Bishuiyan subterranean river system
i H Mn Al TFe Cu Pb Zn Cd Ca* Mg** HCO; cl-
/M 80. 1 247 0.09 7.24 1.44 3.77 0.08 11.30 1.95 43.84 1.36
FRAE 1766 2982 3.88 65.7 95.7 92.4 1.35 30.28 4.88 116. 24 2.75
¥IH 401.21 1025.92 1.01 19. 83 20. 65 23.91 0.35 17.51 2.95 63. 65 1.45
PrRiEZE 398.03 689.37 0.9 14.3 20. 96 21.43 0.31 6.72 1.04 26.72 0.20
Cv 0.99 0.67 0.89 0.72 1.02 0.9 0. 88 0.38 0.35 0.42 0.14
1) TR (Cv) TR, Cat . M2+ . HCO; | C1~ | TFe Bl mg-L~", HABEAA Fpg L~
®2 BREMTAESBASHEXESH (n=52)
Table 2 Correlation analysis of heavy metal components in Bishuiyan subterranean river system
Al Mn TFe Cu Pb Zn Cd

Al 1

Mn 0.936" " 1

TFe 0.987" " 0.972** 1

Cu 0.886" " 0.977** 0.924** 1

Pb 0.956 " * 0.982" " 0.990 " * 0.935" " 1

Zn 0.921"" 0.978" " 0.953" " 0.972"* 0.956 " * 1

Cd 0.804" " 0.891"" 0.851"" 0.899 " * 0.872"" 0.932" " 1

1) # % FIRTE0. 01 ZKF (AU | b AH
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Fig. 2 Response of chemical composition to rainfall in Bishuiyan subterranean river system during rainfall events
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Table 3 Changes of metal elements concentration of subterranean river in different hydraulic conditions

i H VA TFe Al Mn Cu Pb Zn cd
KIFFAH 0.08 87.9 21.7 <0.09 0.16 <0.80 0.13

A RFHAH 0.06 107.0 16.7 0.41 0.79 1.75 0.16
TEAD 0.13 214.0 64.5 1.65 2.87 2.11 0.20
K BE 0. 64 855.0 279.0 15.50 13.6 18.50 0.84
KIFAH 0.05 87.1 10. 6 <0.09 <0.07 <0.80 <0.06

ok 0T R AL 0.07 267.0 23.9 <0.09 0.38 <0. 80 <0.06
TEMAND 0.01 26. 4 2.6 <0.09 <0.07 <0. 80 <0.06
7K BE 0.12 452.0 87.4 10. 00 0. 60 <0.80 <0.06
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