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EXTENDED ABSTRACT

Problem statement

The increase in toxic heavy metal pollutants in rice paddies threatens food safety. Hence,
there is an urgent need for low-cost remediation technology for immobilizing these trace
metals.

Purpose/objectives

In this study, we investigated the application of the soil microbial fuel cell (sSMFC) in reducing
the accumulation of cadmium (Cd), copper (Cu), nickel (Ni) and chromium (Cr) in the rice
plant parts (Bhattacharyya et al., 2005; Liu et al., 2016; Rogan et al., 2009; Zeng et al., 2015;
Zhao et al., 2015).

Design/methodology/approach

A pot experiment was performed to investigate the feasibility of the SMFC in reducing the
accumulation of Cd, Cu, Cr, and Ni in the rice plant tissue. The trace metals in the soll
porewater and rice plant parts were analyzed using inductively coupled plasma mass
spectrometer. We also sequenced the soil microbial community to examine the change in
the functional microbial communities.

Main findings

In this study, we showed that the SMFC can be used to significantly reduce the accumulation
of Cd, Cu, Cr, and Ni in rice grains while simultaneously producing electricity. In the sSsMFC
treatment, the accumulation of Cd, Cu, Cr, and Ni in rice grains was 35.1%, 32.8%, 56.9%
and 21.3% lower than the control, respectively. The reduction of these elements in the rice
grain was due to their limited mobility in the soil porewater of soils employing the SMFC. The
restriction in Cd, Cu, Cr, and Ni bioavailability was ascribed to the sSMFC ability to immobilize
trace metals through both biotic and abiotic means.

Practical/theoretical implications

The results suggest that the SMFC may be used as a promising technique to limit toxic trace
metal bioavailability and translocation in the rice plants. However, before the SMFC can be
transferred from the lab to the field, further studies are required in terms of new
configurations and strategies to increase the power output and the practical application of
SMFCs.
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Originality/value

Although previous studies have demonstrated the ability of the sSMFC to significantly reduce
arsenic and iron in the soil porewater (Abbas et al., 2017; Gustave et al., 2018). To the best
of our knowledge, no investigation has been done on the effect of the SMFC on heavy metal
translocation in plants. Thus, our study is the first to demonstrate that the SMFC can be used
to reduce the accumulation of Cd, Cu, Cr, and Ni in the rice plant parts. We also provide a
mechanism for the reduced metal uptake.

Keywords: Soil Microbial Fuel Cells; Paddy Soil; Rice; Arsenic (As), Cadmium (Cd); Copper
(Cu); Nickel (Ni); Chromium (Cr)
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