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Elements are the basic building blocks of all chemical compounds, and human
exposure to them occurs both from natural and anthropogenic sources. Many elements
are considered nutrients, conversely, there are a number of elements that explore
toxicity to the human body. A mass of radioactive material was reported to spread to the
surrounding areas due to the Fukushima Daiichi Nuclear Power Plant accident caused
by the Great East Japan Great Earthquake that occurred on March 11, 2011. On the
other hand, due to the development of the manufacturing industry and mining, soil
contamination of cadmium and arsenic is a problem considerable. Especially in some
countries of Asia, crops such as rice have a long history as staple foods. Recently, the
cadmium and arsenic pollutions in cropland soil are believed to threaten the diets health
of billions of people.

In this research, as a countermeasure to heavy metals and cesium pollution
problems of crops, I developed a soil reforming material (fermented bark amendment:
FBA) prepared from waste bark, and applied FBA to establishment of cultivation
method to suppress uptake of radio-cesium cadmium arsenic and by plants. And in order
to develop FBA further, nanomagnetic powder (MNP) was applied simultaneously with
FBA as effective adsorbent of cadmium and arsenic.

1. Preparation of FBA:

FBA was prepared by mixing Fruit Baked Okara (Okara) with white rot fungi and
rice bran at a ratio of 1: 1: 1, fermenting for 2 to 30 days, and consolidating into pellets.
As characterization of FBA, N, P besides K rate of FBA was respective 2.9%, 1.5%, and
2.8%, and giving a total content of 7.2%. According to fertilizer control law in Japan,
summation of N, P, K of chemical-fertilizer specified in domestic fertilizer should be
30%. Because FBA was positioned as a low-fertilizer material. Furthermore, the CEC

values were order of original bark < FBA.



2. Application of FBA to radioactive cesium contaminated soil

I cultivated paddy in growing soil containing radioactive cesium, sprayed FBA at
the ratio of 0 to 1% by weight at the time of rice planting and cultivated for 90 days.
The content of radioactive cesium in cultivated soil and rice is measured by gamma-ray
spectrometry. Base the result, the supplementation of FBA to radio-cesium
contaminated soil resulted in the promotion of cesium uptake into brown rice. The
addition of FBA and ammonium salt further increased cesium uptake into rice. This is
likely because of the additional NH4" generated with decreasing soil ORP from the FBA
application. The brown rice cultivation in soil with FBA and ammonium salt
demonstrated be useful for incorporating soluble radio cesium from the contaminated
soil. This cultivation technique using FBA can be applied to phytoremediation of
soluble-form cesium. Therefore, this research is important from the viewpoint of
effective utilization of waste woody biomass and restoration of radioactive
contaminated soil.
3. Application of FBA and MNP to agar cultivation substrate containing cadmium and

arsenic

Radish sprouts were cultivated in agar medium containing cadmium and arsenic.
The radish seeds were cultivated in green house for 18 days and arsenic or cadmium
levels in harvested radish were quantified by ICP-MS as same as brown rice. As results,
addition of MNP and FBA into the agar medium could simultaneously suppress arsenic
and cadmium uptake by the radish sprouts but also assist in their growth. Combining
inorganic and organic materials with different properties did not significantly reduce the
performance of MNP and FBA, that is, it becomes cultivation technique to solve the
problems that there is a trade-off between the uptake of arsenic and cadmium by plant.
4. Conclusions

FBA, which ferments bark by aerobic microorganisms (white rot fungus) and food
wastes, enhanced the adsorption capacity for heavy metals. The addition of FBA into
the cultivation medium such as agar would suppress the absorption of heavy metals by
radish. Inversely, the supplementation of FBA into radioactive substance-contaminated
soil accelerated uptake of radio-cesium by rice plant. Furthermore, when MNP was
co-existed with FBA in agar medium, the accumulation of arsenic and cadmium by
plant (radish) were simultaneously suppressed while the plant growth was accelerated.
Consequently, this research results will be important references to elucidate absorption

characteristics of harmful elements to plants.
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U LM e BEEC O ZORBEE X, 1N O v U AOBREICHEHTH D
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3. WRITVLLEFREFHLEREMA~D FBA & MNP O H
NRIVLAELEEHFEEFOEREMERNCHE A AL AT T N LT, ¥4 2 fE
FERIRET I8 HHBERL, WM L72X A arFhDeRET FI U LAORELZOK E RIS
ICP-MS TE&E L. TOfEH, ERKEM~0D MNP & FBA DIRINE, #A a2 A 7Tk
WCEDEHREN RI VLDV IALZIHT 5 EHICAT T T NOREZRET L2 &0
G lo. FIR DR AT D AL BE & AR B 2 A S o T, MNP & FBA Of:fE
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4. fEEw

HRMEMAEY (AEEAE) ERMEEYICE > TN—7 23RBS 7 FBA 1L, 4R
Wk L WRERE 1 2 s LT2 S, BUCRTEE TG S vz T~ ORI, A R K D
FEES T LOR Y IABLERESED Z ENghoTo. £, FEREEHIHIZ MNP & FBA
EIIFIHTGE, MY ORIR) ICXDdeReD RI UV LAOEBEZFRIRFICHHI CTE 5 Z &1I1T
Mz, HEHORE BIRETE 5 2 L0 o 1o, ARFZERL TR E T 38 O~ DO W I
ZIRT D720 OBEBRIEEHT R D b O LR SN D.



