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Development of Environmental Friendly Remediation Technologies Professor

and Resource Recovery Technologies Chihiro Inoue
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(3) AEEYOREEFERKM S LUCERLEYEIKITORRICE I MR,

The contamination of soil and groundwater by heavy metals and persistent organic pollutants (POPs) such as chlorinated organic compounds and petroleum
hydrocarbons has been a serious environmental issue of global concern. Moreover, demand for underground mineral resources is growing. However,
effective methods for pollution removal and resource recovery with low environmental burden have not been successfully developed and thus remain as
a challenge. Our target is to develop remediation and resource recovery technologies that reduce costs, energy demand, and environmental load. Here we
introduce our major scientific activities in 2019 as follows: (1) phyto- and bio-remediation of heavy metals from polluted soil and water, (2) biodegradation
of polycyclic aromatic hydrocarbons (PAHs) and other POPs, and (3) development of technologies to prevent elution of hazardous compounds and/or to

recover valuable materials.
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Phyto- and bio-remediation of heavy metals
from polluted soil and water

Regarding the phytoremediation of arsenic and cadmium/zinc from
contaminated soil or water, we continued to apply the hyperaccumulators
Pteris vittata (arsenic) and Arabidopsis halleri ssp. gemmifera (cadmium/
zinc) to demonstrate their hyperaccumulation mechanisms as basic research
and to apply them in field trials in Japan and Vietnam using both soil
planting and hydroponic cultures. In 2019, first we confirmed that
inoculation of arsenic-uptake-promoting bacterium m318 strain increased
the ratio of arsenic oxidase genes in the rhizosphere, which facilitated
arsenic removal by P. vittata (Fig.1). Second, we focused on candidate genes
that contribute to arsenic/cadmium uptake and characterized their expression
by quantitative RT-PCR and transcriptome analysis. Third, we applied the
PETIS method using short-living radioisotopes to investigate and visualize
the transportation of arsenic in P. vittata.

Microbial degradation of persistent
organic pollutants

To investigate plant-bacteria-mediated biodegradation of PAHs, a hydroponic
system utilizing sudangrass was established. Results showed that the root
exudate composition along with its rhizosphere bacteria varies with plant
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Fig.1 As accumulation of Pteris vittata with (PvI)
and without (PvN) m318 strain inoculation.

Fig.2 Image of (1) interaction between plant
and microbes in PAH degradation (2) plant-age
driven PAH biodegradation.

Fig.3 Image of proposed coal fly ash
grouping method.
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age, which resulted in a change in the PAHs degradation potential of the
system (Fig.2). Microbial consortia for the degradation of 1,4-dioxane,
tetrachloride, and heavy oil were successfully constructed, and a novel
bacterium, Variovorax sp. TS13, for the degradation of 1,4-dioxane was found.

Development of technologies preventing the
elution of hazardous compounds and/or the
recovery of valuable compounds

SEM/EDX/MLA was applied for elemental mapping and the identification
of compounds in coal fly ash, and a grouping method towards an effective
use was proposed (Fig.3). For the assessment of microplastics in soil,
plastic was separated by elutriation and centrifugation, including the
removal of biological material by Fenton reaction, and plastic particles
were identified by staining and visualizing by fluorescence microscopy at
several wavelengths (Fig.4). Molybdenum-adsorbing yeast was constructed
as a resource recovery technology, and in a further step, we are trying to
improve the adsorption ratio by constructing a biological recovery system
through immobilization of yeast.

International exchange and other activities

Prof. Inoue and Assist. Prof. Chien were invited to deliver lectures at
Shanghai University and the Institute of Soil Science, Chinese Academy of
Sciences, China. They also visited Academia Sinica, Taiwan (Fig.5). Assoc.
Prof. Grause invited Prof. Matthias Rillig from the Free University of
Berlin, Germany for a lecture. Assist. Prof. Chien gave an invited speech at
the annual meeting of the ENABLE Center, National Chung-Hsing
University, Taiwan. We welcomed Ms. Thiti Jittayasotorn and Mr. Tidtita
Jongchuaywong as visiting students from Kasetsart University, Thailand.
Mr. Qian (D2) received the best oral presentation award at the 56th
Radioisotope Conference (Fig.6), and Mr. Qian (D2) and Ms. Wiyano (D1)
received phytoscholar awards at the 16th International Phytotechnology
Conference. In addition, we presented 16 oral/poster presentations at
various international or domestic conferences.
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Fig.4 Fluorescence microscope images of various
types of microplastic.

Fig.5 Prof. Inoue and Assist. Prof. Chien in
Academia Sinica, Taiwan.

Fig.6 Photo of Mr. Qian (D2) receiving the
award of the Best Oral Presentation in the 56th
Radioisotope Conferense, Tokyo.
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