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The Transportation Tracks and Uncertainty Analysis of Heavy Metals
in the Irrigation Channel
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Abstract

Protecting farmland is the sustainable way for production environment. Domestic
farmland pollution incidents have caused impact and harm to the natural environment and
food crops, so it aroused public attention. In 2015, Control Yuan pointed out that poor
irrigation water quality was the main factor causing farmland soil pollution. In Taiwan, the
land zoning management has not been fully considered for many years, resulting in a mixed
phenomenon of agricultural and industrial space. And the lack of proper planning of the
irrigation and drainage separation system, when the industrial effluents which contain heavy
metals flow into the farmland, it will pose a threat to the environment, crops and even human
health. Therefore, the analysis of pollutant transport in irrigation channels and the impact
assessment can help the management planning of pollution prevention measures.

In order to more effectively grasp the changes of heavy metals in channels transport, the
performance of complete water quality monitoring is often subject to many limitations, and
with the aid of water quality models, the complex physical and chemical effects of pollutants
in water can be calculated and quantified by mathematical equations. The purpose of this
study is to apply the Water Quality Analysis Simulation Program (WASP) to simulate the
water quality of Xin irrigation channel in Changhua. According to 4 indicators of heavy metal
pollution, analyze the transport tracks of total chromium, copper, zinc and nickel in the
channel, and to further explore: 1. The proportion of heavy metal dissolved and adsorbed
sediment, as well as the mass of adsorption between water and sediment by settling and
resuspension.2. Set up the scenarios to simulate the dynamics of pollution load transfer on
Xin channel in extreme events. 3. The uncertainty of the model input parameters on the
simulation results is analyzed by combining the constrained Monte Carlo simulation with the
Generalized Likelihood Uncertainty Estimation (GLUE).

In this study, WASP model was used to analyze and quantify the transport tracks of
heavy metals in the irrigation channel, and achieve the mass balance diagram of heavy metals
in the control volume, which could clearly show the concentration variety in the transport
process. In addition, the results of the scenario simulation show that the assessment of the
assimilative capacity and high pollution potential area of Xin channel, which can further grasp
the soil pollution load of farmland. Finally, the probability distribution of heavy metal
pollution can be obtained by simulations combined with uncertainty analysis, and improves
the information bias of the deterministic model limited by the single simulation value. The
application in water pollution risk assessment will be beneficial to plan pollution load
reduction decisions, so as to maintain a safe agricultural environment.
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