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Iron (Fe) reduction under anaerobic conditions releases redox-sensitive phosphorus (P) from sediment, leading to
eutrophication in closed water bodies. It has been suggested that adding Fe oxyhydroxide (FeOOH) or Fe-treated biochar
to the sediment will reduce the P release. However, the long-term sustainability of this effect is uncertain because Fe3*
reduction to Fe?* occurs constantly under anaerobic conditions. Sediment microbial fuel cells (SMFCs) are bio-
electrochemical devices that produce electricity by transferring electrons from sediment to the oxygen-rich overlying water
via an external circuit. In the present study, we investigated the use of SMFC for long-term suppression of P release by
avoiding Fe®* reduction in the sediment. Recent studies reported that Fe incorporation has increased the power
generation of SMFCs because of its high conductivity and redox reversibility. However, the effect of Fe-added SMFCs on
suppressing P release from sediment is unknown. Since it is cost-effective, the current study investigated the suppression
of P release from agricultural drainage sediment, where the P content is generally high. Accordingly, the objectives of
this dissertation are:
1. to elucidate the effect of mixing FeEOOH and Fe-treated biochar with agricultural drainage sediment to reduce P
release (Chapter 3),
2. to determine the effect of SMFC with Fe3* or Fe?* on reducing P release from sediment (Chapter 4), and
3. toinvestigate the effect of Fe-added SMFC on P release from different agricultural drainage sediments (Chapter 5)
In Chapter 1, the objectives, context of the research, and structure of the thesis were addressed. In Chapter 2, the
mechanism of P suppression by SMFCs, the benefits of Fe addition in SMFCs, and the gaps in knowledge were
discussed. Referring to objective 1, P release from agricultural drainage sediments was significantly reduced when
FeOOH was added. Adding Fe-treated biochar also reduced P release under high oxygen conditions. However, P
concentrations increased under low dissolved oxygen conditions due to the reduction of Fe®* and SO4? in the overlying
water (Chapter 3). In response to objective 2, adding Fe®* to SMFCs increased electricity generation and reduced P
release from agricultural drainage sediments by acting as an electron shuttle (Chapter 4). With regard to objective 3,
SMFC reduced P release up to day 42. Thereafter, P release increased in organic matter-rich sediment because Fe
addition or SMFC promoted organic matter decomposition, and no effect of SMFC was observed (Chapter 5). In chapter
6, the overall discussion and thesis conclusions are provided. This thesis demonstrated the effectiveness and limitations

of SMFCs as a technology for suppressing P release from agricultural drainage sediment.
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