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Modeling Heavy Metal Transportation and Risk Assessment of
Water Pollution in Irrigating Channels
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Abstract

Pollution incidents of farmland are the most common, and farmland pollution is mostly
attributed to poor irrigation water quality. Factories and livestock farms are scattered among
farmlands in Taiwan due to the lack of appropriate planning for land use allocation. Moreover,
the irrigation and drainage systems are improperly separated from wastewater discharge, which
leads to water pollution, especially heavy metal, generated from industrial wastewater and
domestic sewage, and road runoff pollution caused by rainfall enter the irrigation system,
eventually enter the farmland. Consequently, many public nuisance events of heavy metal
pollution resulted from those misplaced pathways. Therefore, effectively lessening the pollution
sources of the irrigation channel and comprehensively tracing pollutant transport, and to further
evaluate the risk of irrigation water quality exceeding the standard as the basis for the
implementation of total control can reduce the occurrence of irrigation water pollution incidents.

This study aims to apply the WASP (Water Quality Simulation Program) model to
analyzing the transport tracks of four heavy metals including total chromium, copper, zinc, and
nickel, in the channel of Changhua Xin irrigation system. In addition, the interaction of
pollutants in the water body and the sediment is discussed, and the conversion of heavy metal
pollutants between dissolved and adsorbed states is mastered. In the study, four sensitive input
parameters of settling velocity, resuspension velocity, partition coefficient, and dispersion
coefficient were employed in uncertainty analysis. The analysis was approached through the
constrained Monte Carlo Simulation (MCS), which integrates Latin Hypercube Sampling (LHS)
and Orthogonal Sampling. It not only achieves the same computation efficiency as traditional
MCS does, but also tremendously reduces the number of calculations. Next, the Generalized
Likelihood Uncertainty Estimation (GLUE) in combination with the constrained MCS was
executed to acquire uncertainty results.

The study further uses the stochastic model simulation results to obtain the probability
distribution of heavy metal concentrations, which provides a risk assessment of water pollutant
concentrations in Changhua Xin irrigation system. The risk assessments conclude that the
probabilities of all four heavy metal concentrations greater than various water quality standards
are zero. If the more stringent 10% of original irrigation water quality standard has been applied
for closer inspection, only 5% of the nickel concentrations exceed the upper limit. Finally,
various scenario simulations were performed to assist the assessment of requiring years to meet
the regulatory standards for farmlands contaminated from irrigation water. The outcomes show
that the least span of safe farming is metal nickel with range from 308 to 697 years.

Overall, the water quality of Changhua Xin irrigation system has improved significantly
after pollution control managements in 2018, so there is no need to implement pollution loading
reduction for the time being. This study quantify the risk of excessive heavy metal pollution in

irrigation channels, and provides more thorough information for decision-makers to effectively
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control the heavy metal pollution in irrigation system via appropriate managements.
Keywords: Heavy metal, Irrigation channel, WASP model, Generalized Likelihood
Uncertainty Estimation(GLUE) , Risk assessment
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