
Synchrotron Radiation μ-XAS
Post extraction onto glass substrate needles, synchrotron radiation
mirco-focus XAS (SR-μ-XAS) was performed on three sub-micron
particles on the I18 beamline at the Diamond Light Source
(Harwell, UK). When compared to a known uraninite (UO2)
reference spectra, also acquired on the beamline, a strong
compositional similarity is observed to exist surrounding the U-L3

edge (Fig. 2) (17171 keV) [4].

Abstract

It has now been five years since the events at the Fukushima Daiichi Nuclear Power Plant (FDNPP) contaminated a large portion of eastern Japan with a
range of radionuclides. Despite the wide assortment of reactor products released by the incident - the medium-lived fission product isotopes of cesium;
134Cs and 137Cs, with half-lives of 2.065 and 30.2 years respectively have been the subject of the most scientific study due to the significant yield produced
and their contribution to the activity measured. Fewer studied have been on the physical nature of the longer-lived fission and activation products as well as
the actinide fuel material itself. With the levels of cesium in the environment declining rapidly, and more focus being made on returning people to their
homes – attention is shifting to these more chemically toxic species.
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Introduction
To date, “hot particle” work has centred on cesium containing aerosols collected via high-volume air-sampling systems within Japan or further afield. With additional analysis
across the affected region provided by studying contaminated soil and sediment samples. In the aftermath of the 1986 Chernobyl accident in the Former USSR, extensive work by
a number of authors examined the physical nature of a range of actinide material and activation / fission products dispersed across the exclusion zone – however very limited work
exists on samples originating from the FDNPP. Unlike cesium, with its considerable gamma activity, actinide species such as uranium are difficult to detect via gamma-spectrometry
and hence require alternative detection and measurement methods such as α-spectroscopy or chemical separation followed by mass-spectrometry (i.e. ICP-MS or TIMS). Through
work conducted at the University of Bristol, individual fragments of uranium-containing material from environmental samples have been extracted and subsequently analysed.

Conclusions & Future Works
Analysis of uranium-containing fallout material has shown to possess a largely consistent volumetric distribution
from the initial results obtained. This mean size is also shown for other elements in the affected region. Future work
will seek to inventory more particles from existing organic matter samples as well as other samples from the region.
Preliminary results indicate a homogenous distribution of uranium in these particles which will be further studied.

Experimental
Lichen and moss samples from rocks and
trees were collected during fieldwork from
numerous locations within Fukushima
Prefecture (Table 1) in May 2014 and
October 2015. Using an electron microscope
with backscattered electron and energy
dispersive spectroscopy (EDS) detectors,
individual fallout particles were identified
and subsequently removed by means of a
micromanipulator (Kleindiek™ MM3A) with
glass capillary needles coated with an
electron-beam hardening adhesive
(SEMGlu™) [1] (Fig. 1 (a-d)). Samples on the
needles were then subsequently analysed
whilst attached to the needles.

Traditionally, the location of these “hot
particles” within a sample was performed via
sequential sample splitting [2] or through
the application of secondary ion mass
spectrometry (SIMS) systems [3]. Using
specialist microscopy software, the process
of locating the typically sub-micron particles
was autonomous – with the system (after
initial setup and training) routinely scanning
the sample, simultaneously performing EDS
elemental analysis, to report the location of
potential points of interest for subsequent
confirmation by the operator.

Fig. 1. Steps detailing the extraction process of a particle from a
bulk material, (a) location of particle with EDS and backscattered
electron imaging, (b) application of SEMGlu™ to the tip of glass
needle, (c) gradual movement of the needle into contact with the
particle before increasing the beam current to adhere it to the
particle (d).

Particle Distribution
Analysis of the distribution of particulate material from FDNPP illustrates a consistent nature with respect to
uranium volume with varying distance from the site (Fig. 3 (a)) with an average volume in the order of 0.1 to 0.7
μm³. This mean volume is shown to be identical across other elements observed on sample surfaces (Fig. 3 (b)).
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Acta Part B: Atomic Spectroscopy. 53, 1289-1302. [4] P.G. Martin et al. Spectrochimica Acta Part B: Atomic Spectroscopy. 117, 1-7 (2016).

Fig. 2. (above) Variable-Pressure SEM images of two of the particles (A and
B) and Fig. 3. (right) μ-XANES analysis of three particles in addition to a
reference uraninite spectra.

Site
Distance from 
FDNPP (km)

Bearing

Okuma
(Restricted Zone)

5.1 WSW

Nagadoro
(Restricted Zone)

33.3 NW

Iitate Village 35.7 NW

Kawamata Village 37.4 NW

Emataira 58.8 NW

Table. 1. Location of sites where material samples were obtained.

Fig. 3. (a) volume analysis of uranium-containing particles analysed from leaf and plant material at various sites extending west of
the FDNPP and (b) compositional and volumetric analysis of fragments from Iitate Village (35.7 km from FDNPP).

Particle Internal Structure
Initial investigations on multiple uranium-containing
particles using a dual electron-ion beam instrument to
section, before performing analysis, suggests that these
fragments are homogenous in composition and contain
nano-scale crystals at their centres (Fig. 4).
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Fig. 4.(a) focused ion beam section through a uranium containing
particle and (b) EDS elemental map of uranium distribution.
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