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The research was aimed to address the radiological issues for Fukushima' s revitalized future after
the FDNPP accident. The findings can be used to treat radioactive waste from nuclear power plants or
the health sectors. Government personnel dealing with regulatory issues can also use it.

The research introduces new approaches for the selective removal of
radionuclides of different half-lives from the liquid matrices via selective isolation followed by
concentration from bulk waste. We developed two techniques for the selective separation of Cs and Sr

from the aqueous matrix using ion-selective solid-phase extraction assemblies. During the project
tenure (FY2017 to FY2019), the research results that so far obtained either from the current project
or related research theme in progress in my laboratory have been reported in peer-reviewed journals
resulting in 20 articles altogether. Several presentations in international conferences also used
to share the preliminary results from the research project.
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The decommissioning process of tsunami plus earthquake—crippled Fukushima Daiichi
Nuclear Power Plant (FDNPP) continues to be weighed down by the accumulation of tons
of radioactive waste water.
The radionuclides, which are the standard components of liquid radioactive waste, can
be categorized to short, medium, long and extraordinary long—lived depending on the
corresponding decay period. The radioactivity of spent fuel often modeled as the
exponential decay of Cs and *Sr, which are known as long-lived radionuclides (t;, =
~30 years). " The *Cl (t;,= 0.3 million years), *°Cs (t,,= 2.3 million years) and '*I
(ti, = 15.7 million years) are some extraordinary long-lived radioisotopes, which
represents the extreme biohazards. ® ? There is a notable time—lag in the half-lives
of long and extraordinary long—lived radioisotopes, but it should be isolated in the
longest decay period defensible repository. The existence of other natural compounds
along with the radioisotopes also evokes concerns in using the nuclear transmutation
as a disposal method. Therefore, selective removal of radionuclides of varying
lifespans and the other elements will be useful in a cost—effective radioactive waste
management
Our previous research focused on the selective removal of potentially toxic elements
and rare metals from waste matrices using molecular recognition approach. “® The
mechanism of molecular recognition by a host molecule considers the particular
electronic and spatial features of another chemical species, called the guest, and
capture selectively (Fig. I).“" '” The supramolecular technology offers the option of
selective isolation of multiple ionic species of different charge states within the
same structural arrangement (Fig. II). > ¥
There have been researches, which focused on the elimination or separation of
radionuclides from waste matrices. The applications of ion exchange, membrane processes
and adsorptive technologies have been explored for removal of radionuclides from liquid
wastes. » ' Other efforts include co-precipitation, ™ electrocoagulation, “?
adsorption using activated carbon and/or zeolite-based media, ' ' sorption with
different biomaterials, “?® and so forth. The removal techniques, however, lacks in
selectivity, which is the major limiting issue of those methods
The learnings from previous research on selective removal of hazardous species from
the liquid matrices have been used in the current project, and it is a unique option
to be explored till the date
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2. WEORK

The aim of current research is to develop a protocol for the removal of radionuclides
from liquid waste based on the corresponding lifetimes. The solid-phase materials
capable of molecular recognition, and designed using supramolecular technology will be
employed. It will be a unique approach for treating the liquid wastes containing
radionuclides. It is a zero—emission technique, expected to reduce containment period,
monitoring time and cost
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The proposed process included following steps:

a) Characterization of radionuclides in liquid waste;

b) Evaluation and selection of solid-phase extraction (SPE) systems;

c) Optimization of the selective removal process of radionuclides from liquid

waste using different SPE systems in tandem or in series;

Selection of SPEs were based on trial-and-error approaches. The laboratory-based
experiments was used ICP-MS or ICP-OES for stable element analysis, while HPGe detectors
was used for radionuclides
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The research was progressed as planned. The laboratory is now equipped with necessary
instruments, and future research on a similar theme can be continued if an additional
fund is received. We developed two techniques for the separation of Cs and Sr from the
aqueous matrix using ion—selective solid-phase extraction assemblies. The data-sets,
after verification steps, now compiled for reporting in the peer-reviewed journals
During the project tenure (FY2017 to FY2019), the research results that so far obtained
either from the current project or related research theme in progress in my laboratory
has been reported in peer-reviewed journals as follows:

1) S. Barua, I.M.M. Rahman, I. Alam, M. Miyaguchi, H. Sawai, T. Maki, H. Hasegawa,
Liquid electrode plasma—optical emission spectrometry combined with solid—phase
preconcentration for on-site analysis of lead, J. Chromatogr. B, 1060 (2017)
190-199.

2) Z.A. Begum, I.M.M. Rahman, H. Hasegawa, Complexation behavior of Sr'' and
geochemically-related elements (Mg, Ca', Ba', and Y") with biodegradable
aminopolycarboxylate chelators (GLDA and HIDS), J. Mol. Liq., 242 (2017) 1123-

1130.
3) H. Sawai, I.M.M. Rahman, C. Lu, Z.A. Begum, M. Saito, H. Hasegawa, Extractive
decontamination of cesium—containing soil using a biodegradable

aminopolycarboxylate chelator, Microchem. J., 134 (2017) 230-236.

4) Z.A. Begum, I.M.M. Rahman, Y. Tate, T. Ichijo, H. Hasegawa, Binding of proton
and iron to lignite humic acid size—fractions in aqueous matrix, J. Mol. Liq.,
254 (2018) 241-247

5) H. Hasegawa, S. Barua, T. Wakabayashi, A. Mashio, T. Maki, Y. Furusho, I.M.M.
Rahman, Selective recovery of gold, palladium, or platinum from acidic waste
solution, Microchem. J., 139 (2018) 174-180.

6) M.K.M.Z. Hyder, M.A. Saleh, F. Hossain, S.H. Mir, K. Iwakabe, I.M.M. Rahman,
Viscometric studies of molecular interactions in binary liquid mixtures of
isomeric xylenes with methanol, J. Chem. Eng. Data, 63 (2018) 1370-1381.

7) H. Hasegawa, Z.A. Begum, R. Murase, K. Ishii, H. Sawai, A.S. Mashio, T. Maki,
I.M.M. Rahman, Chelator—induced recovery of rare earths from end-of-life
fluorescent lamps with the aid of mechano—chemical energy, Waste Manag., 80
(2018) 17-25.

8) S. Barua, I.M.M. Rahman, M. Miyaguchi, A.S. Mashio, T. Maki, H. Hasegawa, On-
site analysis of gold, palladium, or platinum in acidic aqueous matrix using
liquid electrode plasma—optical emission spectrometry combined with ion—
selective preconcentration, Sensor Actuat. B—Chem., 272 (2018) 91-99.

9) S. Barua, I.M.M. Rahman, M.M. Hossain, Z.A. Begum, I. Alam, H. Sawai, T. Maki,
H. Hasegawa, Environmental hazards associated with open—-beach breaking of end-—
of-1ife ships: A review, Environ. Sci. Pollut. R., 25 (2018) 30880-30893

10) I. Alam, S. Barua, K. Ishii, S. Mizutani, M.M. Hossain, I.M.M. Rahman, H
Hasegawa, Assessment of health risks associated with potentially toxic element
contamination of soil by end-of-life ship dismantling in Bangladesh, Environ.
Sci. Pollut. R., 26 (2019) 24162-24175

11) Z.A. Begum, I.M.M. Rahman, T. Takase, H. Hasegawa, Formation and stability of
the mixed-chelator complexes of Sr®, Mg¥, Ca®, Ba¥, and Y* in solution with
bio-relevant chelators, J. Inorg. Biochem., 195 (2019) 141-148.

12) H. Hasegawa, M.A.A. Mamun, Y. Tsukagoshi, K. Ishii, H. Sawai, Z.A. Begum, M.S.
Asami, T. Maki, I.M.M. Rahman, Chelator—assisted washing for the extraction of
lead, copper, and zinc from contaminated soils: A remediation approach, Appl.



Geochem., 109 (2019) 104397

13) M.A.A. Mamun, Y. Omori, 0. Miki, I.M.M. Rahman, A.S. Mashio, T. Maki, H.

Hasegawa, Comparative biotransformation and detoxification potential of arsenic
by three macroalgae species in seawater: Evidence from laboratory culture
studies, Chemosphere, 228 (2019) 117-127

14) M. A. A. Mamun, Y. Omori, R.I. Papry, C. Kosugi, 0. Miki, I.M.M. Rahman, A.S.

Mashio, T. Maki, H. Hasegawa, Bioaccumulation and biotransformation of arsenic
by the brown macroalga Sargassum patens C. Agardh in seawater: Effects of
phosphate and iron ions, J. Appl. Phycol., 31 (2019) 2669-2685

15) M. A. A. Mamun, I.M.M. Rahman, R.R. Datta, C. Kosugi, A.S. Mashio, T. Maki, H.

Hasegawa, Arsenic speciation and biotransformation by the marine macroalga
Undaria pinnatifida in seawater: A culture medium study, Chemosphere, 222 (2019)
705-713.

16) S. Miah, I.M.M. Rahman, M. Takemura, S. Fukiage, A.S. Mashio, T. Maki, H

Hasegawa, Determination of multiple chelator complexes in aqueous matrices
using ultra—performance liquid chromatography—quadrupole/time—of-flight mass
spectrometry, Talanta, 194 (2019) 980-990

17) I.M.M. Rahman, R. Mutsuddi, N. Jii, S. Barua, B. Ahmmad, M.G. Kibria, M.M

Hossain, Z.A. Begum, B.K. Dey, H. Hasegawa, Does open—beach ship—-breaking affect
the mineralogical composition of soil more adversely than typical industrial
activities?, J. Environ. Manag., 240 (2019) 374-383

18) Z.A. Begum, I.M.M. Rahman, K. Ishii, H. Tsukada, H. Hasegawa, Dynamics of

strontium and geochemically correlated elements in soil during washing
remediation with eco—complaint chelators, J. Environ. Manag., 259 (2020) 110018.

19) M. A. Uddin, A.F.M. Sanaullah, F. Yeasmin, M. Habibullah, K. Iwakabe, I.M. M.

Rahman, Temperature—induced variations in the thermophysical properties of the
binary mixtures of heptan—1-ol with cumene, or mesitylene: An experimental and
theoretical approach, J. Mol. Liq., 297 (2020) 111900

20) H. Sawai, I.M.M. Rahman, N. Jii, Y. Egawa, S. Mizutani, H. Hasegawa,

Thermodynamic study of the acid-induced decontamination of waste green sand
generated in a brass foundry, Environ. Sci. Pollut. R., 27 (2020)20149-20159.

Several presentations in international conferences also used to report the preliminary
results from the research project
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