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Table 1

Decay-corrected activity (as of March 2011) of

/N, B, BTER M REL FEE R, R BTR : BRA-REECLY 1 ERAS IS EHER T OREDE A 70 - A X BT R AILEEROBE 253

'"Cs and "Cs in radioactive particles 1-7

separated from soil collected at R-area located at the area northwest of the FDNPP

Particle 1 Particle 2 Particle 3 Particle 4 Particle 5 Particle 6 Particle 7
Cs (Bq) 101 £0.47 42.0+0.47 35.0£0.2 30.2+0.2 42.8*1.7 66.6 2.7 35.8+1.4
Cs (Bq) 109+0.03 45.1£0.03 38.7x0.1 33.3+0.1 46.3t1.9 71.3+29 38.8+1.6
s/ Cs 0.93 0.93 0.90 0.91 0.92 0.93 0.92
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Fig. 1 SEM images of radioactive particles separated
from soil samples collected at the area northwest of
the FDNPP

(a) Particle 1, (b) Particle 2, (c) Particle 3, (d)
Particle 4 separated from soil collected at R-area.
(e, f) Radioactive particles separated from soil
collected at G-area.
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Fig. 2

(a) Comparison of SEM-EDS spectra of the four particles emitted from the FDNPP Reactor 1.

Results

of SEM-EDS elemental mapping of the Si-K line of (b) Particle 1 and (c) Particle 2
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Fig. 3 Comparison of the SR-U-XRF spectra (excited by 37.5 keV X-rays) of bulk parts of the four radioactive
particles emitted from the FDNPP Reactor 1, Particle A (Cs-ball) emitted from the FDNPP reactor 2% and the

background part of particles

Table 2 Comparison of 21 elements detected by SR-U-XRF in radioactive particles emitted from the FDNPP
reactor 1 and Cs-balls emitted from the FDNPP reactor 2 (O, detected in common; &, detected

from some particles; X , not detected)

Cr Mn Fe Ni Zn Rb Sr Zr

Nb Mo Pd Ag Cd

In Sn Sb Te Cs Ba

Pb U
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A O O A O A OO0 O O A OO0 & OO0 o0 0o o0 0 a
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Cs-balls A O O x O O x O x O x & x o O O O 0o O a&a o
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Fig. 4 Distributions of 17 representative elements in Particle 1 obtained by SR-U-XRF imaging with SEM

images corresponding to the imaging area
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Table 3 Lattice spacing (d-value/. A) of Fe-concentrated part on radioactive particles 1-7 detected

by the SR-u-XRD
Particle No. o-Fe,Og "
1 2 3 4 5 6 7 d/hkl
1.81 1.79 1.85 — — — — 1.841/024
1.91 — — — — — —
2.10 2.11 — 2.03 2.09 2.09 — —
— 2.22 2.22 — — — — 2.207/113
— 2.32 2.33 — — 2.35 —
— 2.53 2.53 2.60 2.51 2.53 — 2.519/110
2.70 2.71 2.72 — — — — 2.700/104
— — — — 2.95 2.95 — —
3.20 — — — — — — —
3.34 — 3.35 3.35 — — — —
— 3.70 3.70 — — — — 3.684/012
4.20 — — — — — — —
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Seven radioactive particles were separated from a soil sample collected at the Northwest
region of the Fukushima Daiichi Nuclear Power Plant (FDNPP). It has been pointed out that
the soil is contaminated by radioactive materials emitted from reactor 1 of the FDNPP by the
accident that occurred in March, 2011. The physical characteristics of these radioactive
particles with —100 um in diameter and non-uniform shape are clearly different from those of
spherical microparticles, known as Cesium-balls, thought to be emitted from the FDNPP reactor
2.  Three kinds of synchrotron radiation-based X-ray analyses (X-ray fluorescence analysis,
X-ray absorption near edge structure analysis and X-ray diffraction analysis) were
nondestructively applied to radioactive particles using a micro-focused X-ray beam at the
SPring-8 to investigate their detailed chemical properties. Various elements related to fission
products of nuclear fuel and components of the reactor were detected from the particles
emitted from the FDNPP reactor 1 with an obvious heterogeneous elemental distribution. In
particular, the chemical compositional feature of these particles was characterized by several
elements (Sr, Ba etc.), which were easily volatilized in a reducing atmosphere. Although a
main component of the particles was identified as silicate glass similar to the Cesium-balls,
some crystalline materials were also found in microscopic regions containing Fe and other
metallic elements. We concluded that these radioactive particles were emitted from reactor 1
to the atmosphere during 12" to 13" March, 2011. Our results suggest the fact that the
nuclear fuel and the reactor vessels around the fuel were melted together at a very early stage
of the accident. In addition, it was demonstrated that chemical compositional information of
individual radioactive materials can be a new indicator as an alternative to the radioactive ratio
to estimate the source of emissions.

Keywords: Fukushima Daiichi Nuclear Accident; radioactive material; synchrotron radiation
X-ray analysis; micro-XANES; radioactive microparticles.



