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The contamination of soil and groundwater by heavy metals and persistent organic compounds such as chlorinated organic compounds and petroleum
hydrocarbons is a serious environmental issue of concern. In addition, there is growing demand for underground resources. However, no effective methods
of removing pollutants and recovering resources with low environmental burden have been developed, and thus this remains a challenge. Our aim is to
develop remediation technologies and resource recovery technologies with lower cost, less energy demand, and reduced environmental load. Our major
scientific activities in 2018 were as follows: (a) phyto- and bio-remediation of heavy metals from polluted soil/water, (b) microbial degradation of chlorinated
organic compounds and polycyclic aromatic hydrocarbons, and (c) development of technologies to prevent elution of hazardous compounds and/or to

recover valuable compounds.
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Phyto- and bio-remediation of heavy metals
in polluted soil and water

Regarding the applicable phytoremediation of soil or water contaminated
with arsenic, cadmium, or zinc, we conducted continuous field trials in
several fields across Japan; in these trials, we tested soil planting and
hydroponically cultivating hyperaccumulators Pteris vittata (arsenic) and
Arabidopsis halleri spp. gemmifera (cadmium and zinc). In this basic
research, we (1) investigated the expression of genes related to arsenic,
cadmium, and zinc absorption and accumulation so as to clarify the
mechanisms of hyperaccumulation; (2) isolated and characterized the
multifunctional rhizobacteria from Pteris vittata and Pteris multifida that
aid in arsenic phytoremediation; and (3) applied the PETIS (Positron-
Emitting Tracer Imaging System) method to investigate the absorption and
transportation of arsenic, cadmium, and zinc in hyperaccumulators (Fig.1)

Microbial degradation of persistent organic
compounds

The results of hydroponic-culture experiments of plants with bacteria that
degrade polycyclic aromatic hydrocarbons suggest that plant-root exudates
(which vary with the plants’ age) affect the microbial degradation of these
hydrocarbons. In addition, we constructed consortia with the ability to
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degrade carbon tetrachloride, heavy oil, and 1,4-dioxane; we also sought
to isolate and characterize the microbes that comprise these consortia.

Development of technologies to prevent the
elution of hazardous compounds and
recover valuable compounds

We used SEM, EDX, and MLA to map the elements and compounds in fly
ash in order to determine the mechanisms involved in the elution of
hazardous compounds (Fig.2). We studied the removal of microplastics
from the environment and the development of microbial fuel cells that are
intended to remove nitrogen and selenic acid from wastewater. Regarding
the technology for recovering resources, we aimed to develop biological
recovery systems for valuable metals. As the first target, we constructed a
molybdenum-adsorbing yeast by engineering a molybdate-binding domain
to the yeast’s cell surface.

International exchange and other activities

Prof. Inoue and Asst. Prof. Chien each conducted invited lectures at
Shanghai University, China (Fig.3). Asst. Prof. Chien and Ms. Primeia
(D2) each gave speeches at Institute Technology Bandung, Indonesia
(Fig.4). Ms. Wei (D2) and Ms. Seki (D2) held short-term internships in the
biodiversity research center at Academia Sinica, Taiwan, and Kasetsart
University, Thailand, respectively. We received Ms. Ma as a visiting
scholar from Taiyuan University of Technology, China, and Mr. Panupong
and Ms. Shao as visiting students from Kasetsart University, Thailand,
and Shanghai University, China, respectively. Dr. Ying-Ning Ho from
Taiwan served as a JSPS Postdoctoral Fellowship starting in November
2018 (Fig.5). Mr. Domingues (D3) received the Best Poster Presentation
Award at the 2018 meeting of the Japan Society of Environmental
Biotechnology and awarded as the 3rd-place Oral Presentation at the 15th
International Phytotechnology Conference (Fig.6). In addition, we have
given 12 total oral or poster presentations at international and domestic

conferences.

Fig.1 Image of PETIS in As mapping of

Pteris cretica, an As hyperaccumulator mapping of fly ash particles

Fig.2 Image of (a) BSE and (b) element

Fig.3 Prof. Inoue and Asst. Prof. Chien after the invited
lecture in Shanghai Univ., China

Fig.4 Group photo after the seminar in ITB, Indonesia.

Fig.5 Photos of (a) visiting student, M-kun and
(b) JSPS fellow, Ho-san.

Fig.6 Photo of John (D3) receiving the 3rd-place
Oral Presentation Award in the 15th IPC, Serbia.
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