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Abstract
The impact of the huge earthquake, ensuing tsunami and catalogue of disasters at Fukushima Daiichi nuclear power plant (FNDPP) in March 2011 left a legacy of
heightened local and widespread global concern. Analysis of surface contamination is presented using two new techniques at vastly contrasting scale lengths; submeter scale radiation mapping is conducted via remotely operated unmanned aerial vehicle (UAV) equipped with a lightweight gamma-spectrometer and height
normalising LIDAR; with micron scale analysis of “hot-particles” carried out using a dual FIB-SEM system equipped with a nano-manipulator and gas injection
system. Sectioning of particles accurately details their internal nano-structure.

Introduction
Unprecedented effort is currently being devoted to the remediation of significant areas in eastern Japan affected by radionuclide fallout. Critical to future plans are the
accurate determination of the changing distribution of radionuclides and pathways in the environment. Despite their accuracy, ground based radiological surveys have
inherent limitations. The use of remotely operated UAV’s not only reduces exposure but greatly enhances the rate of data collection. Initial results show the impact of
remediation on a variety of sites within Kawamata Town, Fukushima. In spite of a remarkable effort in clean-up, less attention has been given to the more challenging
aspects of the longer-lived or “forgotten radionuclides” such as U238 and Pu239.
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(a) Kawamata Junior High School

Fig. 1. Unmanned Aerial Vehicle (UAV) used for the mapping of
contaminated sites.

(b) Kawamata Town bail storage site

Fig. 2. Radiological maps detailing contamination hotspots at (a) Kawamata Junior High School, Kawamata
Town, Fukushima; location of an enhanced clean-up and (b) a former rice paddy, now site for the storage of
bailed top-soil, Kawamata Town, Fukushima [inset: aerial photograph of storage site].

Experimental
An unmanned aerial vehicle (UAV) equipped with a lightweight
Kromek™ cadmium zinc telluride (CZT) gamma-spectrometer was
used to map regions of interest, approximately 500m² - at less
than 1m resolution. Height normalisation reflecting the inverse
square relationship away from a point source is performed using
a LIDAR detection system.
Samples collected from areas of elevated activity were imaged
using an FESEM with backscattered electron detector. Particles of
elevated z-number are seen as greater brightness over the
surrounding
material.
Once
located,
a
Kleindiek™
nanomanipulator was placed in contact with the particle and
attached using Pt deposition. Following deposition, a series of
perpendicular FIB cuts were made to remove the sphere from
the soil mass. Subsequently the particle was deposited onto a Siwafer, using further FIB cutting to section the particle and reveal
its internal structure.
Further work is currently underway to determine elemental
composition, with a focus on U and Pu content of fallout particles
collected from different areas. Additional future work will focus
on the utilisation of techniques such as Laser Raman,
Fluorescence imaging and ICP-MS.
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Fig. 4. Steps detailing the removal of a micron-scale fallout particle from a soil sample taken from Iitate
Village, 30km NW of FDNPP and subsequent sectioning using FIB. (a) and (b) location of particle for removal,
(c) insertion of Si needle and GIS attachment with Pt, (d) FIB milling to free particle (e) placement of particle
onto Si-wafer, (f) (g) and (h) sectioning of particle and (i) cut surface at centre.
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Fig. 3. (left) Backscattered electron images taken of sediment material collected from Iitate Village,
Fukushima Prefecture. (a) two bright spherical particles on nearby substrate and (b) higher magnification
view of individual sphere.

Conclusions & Future Work
Low altitude unmanned aerial vehicles provide a safe method with increased spatial resolution over existing methods. Combined with enhanced spectral resolution, they
present an extremely valuable tool in mapping radionuclide transport in the environment. Ex-situ analysis of radioactive particles taken from identified “hot” sites has
been demonstrated using a coupled nano-manipulator and dual SEM-FIB – a novel approach whereby individual samples are selected and then analysed. Additional
work is continuing to characterise other spherical emission particles collected within material surrounding FDNPP.
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