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Abstract of Thesis

Environmental pollution stemming from excavated rock naturally containing heavy metals presents two
noteworthy challenges. The first challenge pertains to the precise assessment of heavy metal leaching behavior
from these rocks. Conduction of column leaching experiments to evaluate heavy metal leaching from these rocks
encounters a lack of well-established protocols primarily due to the ambiguity surrounding scaling effects
resulting from alterations in particle sizes and the corresponding column dimensions. The second challenge
relates to the efficient recycling of the abundant resources of these rocks. One of the most promising methods
for recycling contaminated rocks is the reactive layer system. However, determining the optimal composition of
reactive materials remains an ongoing concern. To tackle these two pivotal issues, this study conducted
quantitative research on the scaling effect on the leaching behavior of arsenic (As), copper (Cu), and lead (Pb),
and evaluated the performance of MgO (magnesium oxide)-amended soil as a reactive layer material for As.

In Chapter 1, the thesis's objectives and content were clearly outlined.

In Chapter 2, the origins of naturally contaminated rocks and the release mechanisms and migration
behaviors of As within these naturally contaminated rocks were reviewed. The countermeasures employed to
mitigate the pollution of contaminated rocks and their technical flaws were summarized.

In Chapter 3, the particle size effects on the leaching of As, Cu, and Pb were evaluated by conducting column
percolation experiments with two distinct particle size ranges of 2-9.5 mm and 2-26.5 mm. The pH value
exhibited a proportional relationship with the specific surface area (SSA) of the rocks, in terms of H*
concentrations. The concentration and leachability of As were virtually proportional to the SSA of the rocks. In
the case of Pb, both the concentration and leachability ratios between the two columns were slightly higher than
the SSA ratio. Additionally, the Pb concentration displayed a strong correlation with pH regardless of the
particle size. However, for Cu, the concentration and leachability ratios between the two columns were lower
than the SSA ratio.

In Chapter 4, rock layer thickness effects on the leaching of As, Cu, and Pb were investigated by conducting
column experiments with two distinct rock layer thicknesses of 280 mm and 560 mm. The pH value was
proportional to the rock layer thickness. The concentration of As remained relatively unaffected by the rock
layer thickness, while the leachability of As was noticeably diminished in the column with a 560 mm rock layer.
The Pb concentration and leachability ratios between the two columns were slightly higher than 2. The rock
layer thickness did not affect either the concentration or leachability of Cu on the scale of the liquid-to-solid
ratio.

In Chapter 5, the performances of the decomposed granite soil amended by two different MgO materials
were evaluated by conducting a series of batch sorption experiments and column sorption experiments. Batch
sorption experiments revealed that the mixture of soil and MgO material could benefit the sorption capacity of
individual soil and MgO materials and the improvement in soil sorption capacity by hard-burn MgO (HB MgO)
was higher than that by light-burn MgO (LB MgO). However, the long-term sorption performance did not show
significant differences between these two types of MgO-amended soils in column sorption experiments. An
additional 5% of LB MgO or HB MgO could effectively reduce the As concentration. The similar performance
of two MgO-amended soils could be attributed to their comparable pH buffering capacity for the acidic influent.

In Chapter 6, by assuming a simplified site condition for a reactive layer system, the leachate quality was
estimated. Subsequently, the minimum thicknesses of the reactive layer were calculated using the results of
both batch and column sorption experiments. The discrepancy between the thicknesses derived from batch
experiments and that from column experiments underscored the limitations in batch sorption experiments and
highlighted the significance of conducting column experiments, particularly when evaluating the sorption
performance of MgO-amended soil against acidic leachate.

In Chapter 7, the main conclusions and recommendations for future work were summarized.
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