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This research aimed to investigate the applicability of constructed wetlands (CWs) to treatment
of mine drainage containing heavy metals. This has been completed with 6 chapters. The main
content of each chapter was presented as follows:

Chapter 1 described the research background, identifies research objectives, research scope,
main tasks, and research significance. Mine drainage containing toxic metals is generally treated by
physicochemical processes such as neutralization and coagulation. As a low-cost alternative process,
constructed wetlands (CWs) are promising technology for mine drainage treatment.

Chapter 2 reviewed characteristics of mine drainage, discharging regulations, and treatment
technologies for heavy metals. Mechanisms for metal removal in CWs and the importance of
selecting substrates and plants were summarized.

Chapter 3 described the heavy metal removal from neutral mine drainage in Kyoto Prefecture
of a closed mine in pilot-scale CWs planted with and without cattail. The CWs were operated for 3.5
months with hydraulic retention time (HRT) at 3.8-1.2 days. Results showed that the short HRT of
1.2 days was sufficient to achieve the effluent standard for Cd (0.03 mg/L) in the CWs. The planted
CW showed higher metal removal efficiency than the unplanted CW. Heavy metals were removed
mainly by adsorption to the soil in both CWs. The biological concentration factors in cattails were
over 2 for Cd, Zn, and Cu. The translocation factors of cattails for all metals were 0.5-0.81.
Sulfate-reducing bacteria (SRB) belonging to Deltaproteobacteria were detected only from soil in
the planted-CW, and its population increased in the warm weather. Although cattails were a minor
sink, the plants contributed to metal removal by rhizofiltration and incubation of SRB producing
sulfide precipitates in the rhizosphere. These results encourage the spreading of CWs for mine

drainage treatment in Japan.



Chapter 4 studied lab-scale CWs filled with clamshells for heavy metal removal from simulated
acid mine drainage (AMD) of a mine in Tohoku region. Results demonstrated that CWs had high
capability for heavy metal removal from synthetic acid mine drainage. Zn, Cd, Pb and Fe were
almost completely (> 93%) removed by clamshell-based CWs. Accumulation in the substrates was a
main pathway for heavy metal removal, contributing 49.7-82.5%, followed by plant uptake
(16.1-39.0%), and other processes (0.6-3.2%). Higher metal removal in the clamshell-based CWs
than in the gravel-based CWs demonstrated clamshells as a potential substrate for removal of heavy
metals from AMD. This encourages recycling seashells for wastewater decontamination. By that
way, it contributes to reducing solid waste in a simple, cheap, and eco-friendly way.

Chapter 5 clarified the applicability of CWs filled with oyster shells (OS) for heavy metal
removal from AMD. This was operated under a HRT of 7 days in a sequencing batch mode. The
effluent pH values of the CWs reached 6.9-8.3. OS with high content of CaCOsz had higher
neutralizing ability for AMD than limestone. During the 7 months of operation, all CWs were highly
effective for removing Zn (88.6-99.2 %), Fe (98.7-99.7 %), and other metals such as Cd, Cu, Pb, As,
and Mn (48.2-98.9 %) from both the actual and synthetic AMD. The mass balance study indicated
that accumulation in substrates was a main pathway in removing heavy metals, representing
44.8-99.3% in all metals, followed by the biomass (8.8-29.9%) in the planted CWs. Other processes
only played a minor role in removing heavy metals in this study. The higher metal removal in the
OS-based CWs showed the valuable potential of this aquaculture byproduct as a filter medium.
Additionally these experiments demonstrated that the lab—scale CW is a useful tool for feasibility
studies on installing CWs for mine drainage treatment.

Chapter 6 summarized the main findings of this research, limitations, and recommendation for
further studies. In this study, pilot- and lab-scale CWs were investigated for heavy metal removal
from different mine drainages. All CWs showed high metal removal performance during the
experiment period. To avoid clogging in CWs, the particle size of substrates should be selected
carefully. The life span of CWs should also be estimated. The small-scale and lab-scale experiments
are crucial steps for scaling up and designing practical CWs for heavy metal removal from mine
drainages. Further studies should be investigated in the practical condition based on the valuable

information obtained from this study.
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