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Development of Environmental Friendly Biotechnologies Professor

for Pollution Remediation and Resource Recovery Chihiro Inoue
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The contamination of soil and groundwater by heavy metals and persistent organic pollutants has been a serious environmental issue of global concern.
Moreover, the depletion of certain mineral and energy resources is approaching. However, effective pollution removal and resource recovery methods
with low environmental burdens have not been successfully developed, and thus, remain a challenge. Our target is to develop remediation and resource
recovery technologies that reduce costs, energy demands, and environmental loads. Here, we introduce our major scientific activities in 2023: (1) the
phytoremediation of heavy metals from polluted soil and water, (2) research on the development of environmental technology using complex biological

systems, and (3) research on the construction of bioengineering-resource recycling processes.
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Fig. 1 Photo of the pilot scale biosystem which applying Preris
cretica to treat As contained drainage from a closed mining site

Phytoremediation of heavy metals
from polluted soil and water

Regarding the phytoremediation of arsenic (As) and cadmium (Cd) from
contaminated soil or water, we have continued the basic research on and
demonstration of hyperaccumulators Pteris cretica (As) and Arabidopsis
halleri ssp. gemmifera (Cd). In 2023, we started a pilot-scale study that
applies P. cretica to treat As-contained drainage from a closed mining
site (Fig. 1). Second, we confirmed the components of the root exudate
of A. helleri ssp. gemmifera increased the leachability of Cd and Zn from
the soil.

Research on the development of
environmental technology using complex
biological systems

For the practical application of complex biological systems to
environmental technologies, we applied network analysis and
comprehensive analyses to elucidate and predict the functions and
interactions among organisms in the system. Particularly, we conducted
ionomic, microbiomic, and metabolomic analyses on the rhizosphere of
P. vittata and visualized the factors that contribute to As accumulation in
the environment (Fig. 2). We also found that the co-cultivation of
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Fig. 2 Image of a network which visualizes factors
contribute to As phytoextraction

BEERE HAK
RiTHEES LA FRE

5K &
B BER
REAS et
P N
;Eﬂﬁ Fg m-%- EBEEE TIBERF

Associate Professor

Mei-Fang Chien

2023 year end party
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Fig. 3 Candidate plants which
accumulating Ni or Co.

Fig. 4 Photo of Mr. Jittayasotorn with
the certification of Professional Master
for Sustainable Environmental during his
master course.

P. vittata with microorganisms that promote plant growth and/or As
absorption increases plant survival rates and increases arsenite-oxidizing
microbes in the rhizosphere, leading to an increase in As concentration in
the plant as the mechanism of efficient As phytoextraction.

Research on the construction of
bioengineering-resource recycling processes

Aiming at the recovery of metal resources through a biological process,
we succeeded in producing yeast capable of adsorbing the rare metals
Nickel (Ni) and Cobalt (Co) at low concentrations with high sensitivity.
In addition, we are investigating metal adsorption using yeast
immobilized on porous material to construct a metal recovery
biomaterial. Other than microbes, we have also begun searching for
plants that accumulate Ni and Co (Fig. 3). In addition, research on
reducing the environmental impact and cost during the smelting process
by using microbes has also been initiated, and the efforts focused on
investigating the performance of iron-oxidizing bacteria are in process.

Awards and appointments

Mr. Jittayasotorn
* Professional Master for Sustainable Environmental (PMSE) award

(Fig. 4)
* Tohoku University Advanced Graduate School Pioneering Research
Support Project for PhD Students

Ms. Han (D3), Ms. Ariyanti (D3)
* MEXT "Tohoku University Doctoral Fellowship"

Dr. Chien
* Promotion to associate professor at Graduate School of Environmental
Science, Tohoku University

Presentations in conferences

Mr. Inubushi and Mr. Tsukada (MI1) gave presentations at domestic
conferences. Ms. Ariyanti (D3) and Dr. Chien gave presentations at
international conferences (Fig. 5). Dr. Chien also gave invited lectures
in two domestic conferences and one international symposium.

Fig. 5 Photo of Mr. Inubushi in
annual meeting of Japan Society for
Environmental Biotechnology
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