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Abstract of Thesis

A system is needed to predict the behavior, fate and occurrence of environmental
pollutants for effective environmental monitoring. Available monitoring data and computational
modeling were used to develop computer models of One-box multimedia model (OBMM) and
Distributed multimedia model (DMM) based on the mass balance of the emitted chemicals.
Various chemical transport mechanisms of emissions, advection, degradation, sedimentation,
re-suspension, dry/wet deposition, atmospheric mixing, and particle/ion exchanges in the
environmental media of atmosphere, soil, water, and sediment were considered in this models.
This study was carried out in the Lake Biwa-Yodo River basin (LBYRB) which provides multiple
land uses and also the natural water resource for nearly 13 million of population in the region.
Pollutant release and transfer registry (PRTR) data were used as the main emission data source
for this study and calculated annual emissions per each chemicals were fed into the models and
the models calculated the concentrations in all four environmental media for each of these
pollutants.

This study was carried out with the main objective to evaluate the behavior, trend, and
fate of the PRTR chemicals in LBYRB and to achieve this objective the experiments were carried
out in the following order. Firstly, metallic pollutants of lead (Pb) and mercury (Hg) were
evaluated for their temporal concentration trends by using OBMM from 1960 to 2005. In order to
improve the performance of the OBMM the chemical parameter of water-sediment partition
coefficient (Ka (Hg) was experimentally evaluated for Hg by laboratory scale shaking-batch
experiments and the Ka g value was incorporated in the OBMM calculations. A sensitivity
analysis was carried out to evaluate the model performance by comparing the calculated
concentrations based on different Kd @g values representing soil, sediment, and sand samples.
Then the spatial distributions of Hg were evaluated by using the DMM simulations. As the next
step, 200 non-metallic PRTR chemicals were evaluated for their temporal concentrations by
OBMM simulations for 1998, 2002, and 2008. Based on the calculated concentration trends
screening scenarios were developed in order to identify the potentially hazardous PRTR chemaicals
in LBYRB.

From the evaluation of the temporal concentration trends of Pb and Hg, it was observed
that both Pb and Hg were accumulating in the soil and sediments, while the atmospheric Pb
concentration decreased distinctly around 1975 and the atmospheric Hg concentrations were
fluctuating throughout the study span. Kg @ value was evaluated as 80 for the LBYRB and by
incorporating this value in the OBMM -calculations the model performance was improved.
Through the spatial distribution, it was confirmed the accumulation of Hg occurs in the soil and
sediment of the southwestern region of the LBYRB while lower atmospheric Hg concentrations
were observed in western and northwestern region of the study site. From the screening of
non-metallic pollutants by OBMM simulations, seven potentially hazardous chemicals were
identified out of the initially considered 200 chemicals while achieving the objectives of this study.
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