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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 2017 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
from polluted soil/water

Regarding applicable phytoremediation of cadmium- or arsenic-
contaminated soil or water, we continuously conducted field trials in
Miyagi prefecture for the sixth year by soil planting or hydroponically
cultivating cadmium or arsenic hyperaccumulators in the fields. For the
third year in a row, we observed increases in arsenic accumulation by
Pteris vittata, an arsenic hyperaccumulator, when it is co-cultured with a
functional bacterium (Fig.1). We kept investigating the behavior(s) and
mechanism(s) of arsenic/cadmium absorption and accumulation by
hyperaccumulators. As a result of this research, (a) we confirmed the
ability of Pteris multifida to absorb lead and cadmium in addition to
arsenic, (b) our results from PETIS suggested that Arabidopsis halleri ssp.
gemmifera absorbs and transports cadmium and zinc in different pathways
(Fig.2), and (c) we successfully converted the biomass of P. vittata after
arsenic accumulation into ethanol by using transgenic yeast that can
decompose cellulose.
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Fig.1 Photo of a plant-bacterium co-culture
experiment in a field trial

Fig.2 Image of PETIS for investigating Cd/Zn
adsorption in Arabidopsis halleri ssp. gemmifera.

Fig.3 Photos of (a) SEM and (b) element mapping of
fly ash particles
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FREEDF DOWMEY O HRRIZICED., EVREBEYMOFELE L
U' PAH O REEDE LR U, oy 1,2- Y /OORYE VR
WU T, 4- VAFHYESTHTRERWT, ChS#SBREMED
NREEE RS ERISBEROBEICHMNTDIEEDIC. INSEBRT
DMEPOEH I RYENRICR T REOBEAEITOTWVND, &
foo MIBILRFRICHREZ NI EBIEEROBEEZORFHMEINS
EATWS,

FECLAYOREZEBERY 2EMELVERLEEYOD
EUR =T DR ICE Y S5

ARKPOHEFTETROBEEZDMEI XN =X LAOBEHRZIRE
U. SEM/EDX/MLA ZRWeARIKIFDITRY Y EVITHELTE
BYDOREZIT>TEK (Fig. 3)e ERDEUNKMORAFEICDOWVT,
FOER (L7XF)L) OfHAELSHBZBELAEYFHE-
BEVATLORFEZBIEL. LZAYILDOEVTTVORE - RED
AREREBROERICKRIL. RE - MEBLUREDORIZRDT
W3, ZDEMN BKRKPDERBREPELVREZBENELEHEY
MREIEMDERZRTI LTV S,

B, FRRER. TOMES

BERRARREVSRERR LY F—ICKR - HEEIT o1 (8
Bh# - M2 &), BEFEEEXRFORK(CEL (Fig. 4) &7
Z Pau XZ® Robert Duran #ighKiH L. ThZNARHHEE
JOFVARECOHEEZTofco PEKRREIKRFZDOF/INEHBL
ERFANT (2017 £12 BASHEEM) . FLEHEBZH/NFZFTVD
Lahore College for Women University (LCWU) ICTiB#EF:EE
zf1ofc (Fig. b)e ZDOHMER - ERNFERICHITDIBRHAR - AR
%5 22 17> (Fig. 6)o

Fig.4 Group photo of receiving Dr. Chang from
China Medical University Hospital, Taiwan

Fig.5 Prof. Inoue during an invited lecture in LCWU

hydroponic culture experiments of two plants suggested that inoculation
of PAH-degrading bacteria enhanced the dissipation of PAHs. In addition,
the presence of PAHs or the inoculation of PAH-degrading bacteria
independently induced a shift in the indigenous microbial community in
the plant roots. We successfully constructed consortia from underground
water samples which showed the ability to degrade 1,2-dichlorobenzene or
1,4-dioxane, and the isolation and characterization of the microbes that
compose these consortia is currently in progress. The construction and
characterization of the consortium that shows the ability to degrade carbon
tetrachloride is also in progress.

Development of technologies to prevent
elution of hazardous compounds and/or to
recover valuable compounds

SEM, EDX, and MLA were used to map the elements and to identify the
compounds in fly ash in order to determine the mechanisms of hazardous
compound elution (Fig.3). A molybdenum adsorbing yeast was successfully
constructed by engineering a molybdate binding domain to the cell surface
of yeast in order to develop an efficient biological molybdenum recovery
system. Studies on creating microbial fuel cells with the aim of removing
nitrogen or selenic acid from wastewater are in progress.

International exchange and other activities

Assistant prof. Chien and Mr. Wakasa (M2) visited and had a short-term
training in the biodiversity research center at Academia Sinica, Taiwan.
Dr. Chang from China Medical University Hospital, Taiwan (Fig.4), and
Prof. Duran from the University of Pau, France, visited our lab and gave us
lectures. We received Ms. Ma from Taiyuan University of Technology,
China, as a visiting scholar. Prof. Inoue gave an invited lecture in LCWU,
Pakistan (Fig.5). We also gave a total of 22 invited speeches or oral/poster
presentations at international and domestic conferences (Fig.6).

Fig.6 Group photo in front of the Montreal Botanical
Garden (during the 14th IPC)
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