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Objectives and Allotted Research Subjects  

A Fixed-field Alternating-Gradient (FFAG) proton 
synchrotron (max energy 150 MeV, max mean current 1 
nA) has been constructed next to the KUCA to study the 
technological development for the accelerator driven 
subcritical reactor (ADSR). The proton beam was led to 
the KUCA A-core to conduct the experiment of ADSR on 
March 4, 2009. On the other hand, the commissioning of 
a 30 MeV proton cyclotron was completed at the end of 
March, 2009, for the boron neutron capture therapy 
(BNCT). And other high energy accelerators are sche-
duled to conduct in the master plan at KURRI. In these 
situations, the radiation safety control at accelerator fa-
cilities is a key issue in the workplaces and environment. 
In this project study, seven research subjects were carried 
out in three facilities (B-core room of KUCA, the elec-
tron linear accelerator, and the Co-60 gamma irradiation 
facility) as substitutes related to the accelerators fields. 
 
The allotted research subjects (ARS) are as follows: 
ARS-1 (21P12-1): Estimation of the Initial Guess Spec-

trum for Estimation of Neutron Energy Spectra in the 
Vicinity of the Irradiation Facility of the BNCT. 
(I. Urabe, et al.) 

ARS-2 (21P12-2): Development of Passive Neutron Do-
simeter with Good Energy Response. 
(T. Iimoto, et al.) 

ARS-3 (21P12-3): Accelerator Neutron Dosimetry Using 
Composite Proportional Counting Tube. 
(M. Hashimoto, et al.) 

ARS-4 (21P12-4): Production and Behavior of Tritium in 
Accelerator Laboratory. 
(M. Ohta, et al.) 

ARS-5 (21P12-5): Behavior of Colloidal Species Formed 
in the Cooling Water of Accelerator Facilities. 
 (K. Bessho, et al.) 

ARS-6 (21P12-6): Influence of Radioactive Gas on Size 
Measurement of Radioactive Aerosol Particles by 
Diffusion Battery Method in Accelerator Facilities. 
(Y. Oki, et al.) 

ARS-7 (21P12-7): Influence of Collecting Substrates on 
Size Distribution Measurement of N-13 and 
Rn-progeny by Low Pressure Cascade Impactor in 
the Linac Facility. 
(K. Yamasaki, et al.). 

 

Main Results 
ARS-1: Energy spectra of the leakage neutrons from the 
BNCT irradiation facility room were estimated at the 
place near around the facility and at the natural environ-
ment 100 m apart from the facility. It became clear that 
relatively high intensity neutrons of 1-10 MeV are ob-
served near around the facility. 
ARS-2: A passive personal neutron dosimeter consists 
usually a combination of CR-39 (Poly-Allyl diglicol 
carbonate) and 1 mm thickness polyethylene sheet. This 
dosimeter is hard to measure neutron energy. Many types 
of radiator such as polyethylene, Al, Fe and their combi-
nations were examined in order to adjust energy response 
for neutron. 
ARS-3: Neutron energy spectra were measured at rotary 
shield room and B-core room of KUCA using the com-
posite proportional counting tube which was filled with 
3He-CH4 mixed gas. High energy neutron was observed 
at B-core room larger than at rotary shield room. 
ARS-4: The concentration of radioactive gaseous par-
ticles contained in exhaust gases from accelerator for 
BNCT was continuously measured. Some peaks of the 
concentration emerged within about 3 min after the oper-
ation of the accelerator. 
ARS-5: Relatively high concentrations of Cu, Fe and Al 
were observed in the cooling water of LINAC. Especially 
at the down stream position, total metal concentrations 
were high and large particles were created. These results 
suggest that bremsstrahlung irradiation promotes not 
only corrosion of metal surfaces but generation and 
growth of colloidal metal species in water. On the other 
hand, creation of large colloidal Cu2O was promoted by 
the high dose of Co-60 γ-ray irradiation. 
ARS-6: The particles bearing 13N which is the principal 
nuclide of electron linear accelerators coexist with a large 
amount of 13N gaseous species. The coexisting gas may 
interfere in exact measurement of the size distribution of 
the radioactive particles. In this work, influence of ad-
sorption of radioactive gas was shown in the measure-
ment with a wire screen diffusion battery. 
ARS-7: The influences of collecting substrates on the 
size distribution measurement of N-13 and Rn-progeny 
were examined using a low pressure cascade impactor in 
the Linac facility. It was shown that the use of a soft sili-
cone rubber sheet as a collecting substrate might enlarge 
the geometrical standard deviation of N-13 aerosols. 



PR12-1  Estimation of the Initial Guess Spectrum for Estimation  
of Neutron Energy Spectra in the Vicinity of the Irradiation Facility of the BNCT 

 
I. Urabe, Y. Ogawa1, J. Saegusa2 and K.Yamasaki3 Neutron energy spectra in the application document for 

permission of construction of the BNCT were used for 
source neutron energy spectra in the forward direction 
and that perpendicular to the beam line to the charged 
particles. Calculations were performed using the 
MCNP-5 code with the cross sectional data of the 
JENDL3.3.  

 
School of Engineering, Fukuyama University 
1 School of Science & Engineering, Kinki University 
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 INTRODUCTION : Neutron energy spectra have been 
needed to know propagation characteristics of neutron 
doses around medical facilities utilizing nuclear reaction. 
Determination of neutron energy spectra which would 
usually be practiced by iteration methods using some 
measured data and response matrix representing 
sensitivity of detectors has been needed an initial guess 
spectrum for analysis of neutron energy spectra at places 
of interest around nuclear facility. For estimation of 
initial guess spectrum for using analysis of the data 
measured with multi-moderating type He-3 neutron 
spectrometer neutron energy spectra around irradiation 
facility of the BNCT have been calculated using 
MCNP-5 calculation code. 

RESULTS and DISCUSSION 
Energy spectra of the leakage neutrons from the irradiation 
facility room to the places near around the facility and in the 
natural environment are shown in Figs.2 and 3, respectively. 
It became clear from these figures that relatively high 
intensity neutrons from 100[MeV]～101[MeV] are observed 
near around the irradiation facility and they are still 
observed at 100 [m] in the natural environment. Since the 
measured spectra depends on the feature of the initial guess 
spectrum these spectra will be useful to confirm the 
artificially modified neutron energy spectra in the working 
places as well as in the natural environment.  
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METHOD: Neutron Energy spectra near around the 
irradiation facility room of the BNCT were calculated. 
The irradiation room was assumed to be surrounded with 
the walls which were 1.5 [m] in thickness. The detector 1 
was placed on the wall outside the BNCT building and 
the detector 3 was placed on the wall in the control room 
of the neutron irradiation facility, and the detector 2 
whose direction is parallel for the charged particle beam 
direction is placed on the wall outside the irradiation 
room. Neutron propagation to the natural environment 
was also calculated. Cross sectional view of the 
irradiation facility in the air which is used for calculation 
model for estimation of neutron propagation from the 
irradiation facility room to the natural environment is 
shown in Fig.1. The detector 4 is placed at 100 [m] from 
the irradiation facility.  

Fig. 2. Neutron energy spectra at detector 1, detector 2 and 
detector 3 positions around the irradiation room of the 
BNCT. 
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Fig. 3. Neutron energy spectra at the point 100 [m] away 
from the irradiation facility in the natural environment. 

Fig. 1. Model used for calculation of neutron energy spectra 
in the natural environment. F and D4 are irradiation facility 
and a detection point, respectively. 
 



PR12-2 Development of Passive Neutron Dosimeter with Good Energy Response 
  
T. Iimoto1, K. Shimada2, M. Hirota2, T. Ogawa2, T. Tran2, 
L. Thiem2, K. Yamazaki3 and T. Takahashi3 
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1Devision for Environment, Health and Safety, The Uni-
versity of Tokyo 
2Graduate School of Engineering, The University of To-
kyo 
3Research Reactor Institute, Kyoto University 
 
INTRODUCTION:  A passive personal neutron dosi-
meter consists usually a combination of CR-39 
(Poly-Allyl digricol carbonate) and one millimeter thick-
ness polyethylene sheet (PE1). It is hard to measure neu-
tron energy using only CR-39 with PE1. This dosimeter 
could not follow changes on radiation weighting factor. 
[1] In order to adjust energy response for neutron, many 
types of radiator have been designed here and those 
energy responses have been checked. 

Fig. 1. Geometry of CR39 with radiators. 
 

 

 
EXPERIMENTS:  This experiment was performed at 
LINAC facility at Research Reactor Institute, Kyoto 
University (KURRI). A photo-neutron target of Ta was 
used as an intense neutron source. The target was set 
without water tank. The KURRI linac was operated with 
an electron energy of 30 MeV and average current of 105 
μA. CR-39 was set at the end of beam tube (12 m-length). 
Exposure time was one hour. Table 1 shows a combina-
tion of radiators to be exposed to neutron in this experi-
ment (PE: polyethylene, Al: Aluminum, Fe: Iron, Pb: lead, 
no: nothing). Figure 1 shows experimental geometry of 
CR-39 with radiators. After neutron exposure, CR-39s 
were chemically etched for 3.0 h in a circulating bath of 
6.25 mol/L NaOH solution at a temperature of 90±0.4℃. 
Figure 2 shows etch-pits of j-type radiator. Many 
etch-pits overlapped etch other as shown in Figure 2, 
therefore we counted these etch-pits by manual tech-
nique. 

Fig. 2. j-type radiator’s etch-pits.  

 

 
RESULTS: Figure 3 shows number of etch-pits for each 
radiator combination. Polyethylene layer works as a kind 
of degrader: energetic recoils produced in No.3 layer loss 
its energy in No.1 and No.2 polyethylene layer. Only 
metal radiator (type: f, i, l) shows more number of 
etch-pits than metal radiator with PE. Metal has more 
atomic density than polyethylene, therefore metal can 
emits more secondary radiation than polyethylene ex-
posed to high energy neutrons. 

Fig. 3. Number of etch-pits of each radiator combinations. 
 
REFERENCES: 
[1] International Commission on Radiation Protection 
(2008) “Recommendations of the ICRP Publication 103” 
Ann. Of the ICRP, 37.

Table 1. Radiator combinations. 
 

Radiator  No a b c d e f g h i j k l m 

1 no PE PE PE PE Al PE PE Fe PE PE Pb PE 

2 no no PE PE Al no Al Fe no Fe Pb no Pb 

3 no no no PE no no PE no no PE no no PE 
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PR12-3 Accelerator Neutron Dosimetry Using Composite Proportional Counting Tube 
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M. Hashimoto, T. Usui, C. Suzuki1, T. Shimada1, A. 
Cooper-Roy1, T. Abe1, Y. Koike2 and T. Kosako1 
 
H&S Division, O-arai Engineering Center, JAEA 
1School of Engineering, The University of Tokyo 
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 INTRODUCTION:  The composite proportional 
counting tube which is filled with 3He-CH4 mixed-gas is 
developed. It has compound characteristics for neutron 
measurement. 3He detects thermalized neutron while CH4 
is provided for relatively fast neutron detection. The out-
put of each reaction can be distinguished with PHA ana-
lyzing because the scattered charged particle with fast 
neutron composes a continuous spectrum while the ther-
mal neutron absorption composes a peaked spectrum. The 
ratio of each reaction reflects the neutron energy distribu-
tion. Furthermore, when the convex hull data treatment 
method is applied, the composite proportional counting 
tube can measure the neutron dose along with the neutron 
field characteristics [1]. The function of the convex hull 
of this detector with various fission neutron is calculated. 
It is confirmed that all the cases irradiated with various 
fission neutron fit with the convex hull. The characteris-
tics of dose evaluation are also confirmed. The error of 
this detector for neutron dose evaluation is comparable 
with current neutron dosimeters. This detector has ad-
vantage in its weight and autonomy [2]. 
 The dosimetry characteristics are experimentally con-
firmed with several reactors [2]. However, for the neutron 
dosimetry of accelerator-driven reactors, it is necessary to 
confirm about the adaptability of this method. It is be-
cause the neutron arise from the accelerator-driven reac-
tors may consists of fission neutron and accelerator neu-
tron. The convex hull may be different and the dosimetry 
characteristics might be revised. 
In this year, reference data of the composite proportional 
counting tube measuring in KUCA is collected. 
 
EXPERIMENTS:  Measurements with the composite 
proportional counting tube were conducted in the stage 
next to the core B and in the rotary shield room with 
drive of core B. Neutron energy spectra of the measuring 
points are also measured using the Bonnar ball method. 
  
RESULTS:  The neutron spectra of each measured 
place are shown in Fig.1. The outputs of the composite 
proportional counting tube are collected. However, the 
output spectrum obtained at the core B room contains 
plenty of Schott noise because of the neutron incident in 
the amplifier. The Schott noise has normal distribution 
theoretically. It is cancelled with hypothetically normal 

distribution background signal. The outputs are processed 
and put into the convex hull of the detector. Fig. 2 shows 
the convex hull enlarged around the experimental results. 
The right hand plot of experimental result in KUCA 
shown in Fig.2 is the data measured in the core B room. 
Neutron energy is higher than another measurement point 
as shown in Fig.1, and the place in convex hull is closed 
up to the group of high energy group. 
 

It is confirmed that the convex hull of the composite 
proportional counter for fission neutron is also functioned 
for the neutron field of which the source is the core B. 
These results are the basis of further evaluation of acce-
lerator-driven reactor neutron dosimetry. 
 
REFERENCES: 
[1] M. Hashimoto et al., Radiat. Prot. Dosimetry, 136(1) 
(2009) 1-10. 
[2] M. Hashimoto, Ph.D. Thesis, The University of Tokyo 
(2009).
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Fig. 1.  Evaluated neutron spectra at measured places. 
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PR12-4 Production and Behavior of Tritium in Accelerator Laboratory 
 
M. Ohta, S. Kimura1, S Fukutani2 and K. Okamoto2 
 
Niigata University 

 

採択課題番号 21P12-4    加速器施設内外のトリチウム生成・動態評価       プロジェクト 

（新潟大・工）太田雅壽（大阪薬科大）木村捷二郎（京大・原子炉）福谷 哲、岡本賢一 

Fig. 1. The concentrations of gaseous radioac-
tive particles contained in the exhaust gas of BNCT 
and atmosphere outside Innovation Research Labor-
atory. 

1Osaka University of Pharmaceutical Sciences 
2 Research Reactor Institute, Kyoto University 
 
INTRODUCTION 

 Radioactive particles are known to generate in the 
working field of accelerator. Then, the concentration 
of radioactive particles in the working field of fixed 
Field Alternating Gradient Accelerator (FFAG) is ne-
cessary to be measured before and after working 
FFAG.  However, the concentration of gaseous ra-
dioactive particles exhausted from working FFAG in 
2009 was too low to be measured as monitoring gas. 
The present work was measured the concentration of 
radioactive particles containing of exhaust gases 
from the accelerator for boron neutron capture 
therapy (BNCT). 
 
EXPERIMENTAL 

Gaseous radioactive particles were provided from 
the exhaust gas from the accelerator for BNCT. 
They were filtered with pre filter and heap filter, and 
then were used as monitoring gas. The atmosphere  
outside Innovation Research Laboratory was used as 
reference gas.  

An activity of gaseous radioactive particles was  
measured by using radioactive gas monitor 
(Ohkura Electric Co., RD-1,200) and ion 
chamber (Ohkura Electric Co. I-409602, 
1,000cm3).  The output of ion chamber was 
digitally recorded by a datalogger (Graphtec 
Co., midi LOGGER GL200).  
 
RESULTS  

The concentration of radioactive particles con-
taining of exhaust gases from Accelerator for 
boron neutron capture therapy (BNCT) was 
continuously measured from October 25 (Sun-
day) in 2009 to February 2 (Tuesday) in 2010.    

Figure 1 shows the concentrations of gaseous 
radioactive particles contained in the exhaust gas 
of the neutron generator from January 10 (Sunday) to 
January 30 (Saturday) in 2010. The concentrations 
of exhaust gas indicated several peaks. These 
peaks emarged within about 3 min. after the 

working of BNCT. While, the concentration of 
atmosphere was not affected by the working of 
BNCT.  

The separation of tritium compounds from 
radioactive particles containing of exhaust gases 
from BNCT is expected in further experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PR12-5 Behavior of Colloidal Species Formed in the Cooling Water of Accelerator Facilities 
  
K. Bessho, H. Matsumura, K. Masumoto, Y. Oki1,  
N. Osada2and N. Kinoshita3 
 
Radiation Science Center, KEK 
1Research Reactor Institute, Kyoto University 
2Graduate School of Engineering, Kyoto University 

採択課題番号 21P12-5    加速器冷却水中における放射性核種およびコロイド      プロジェクト 

化学種の挙動解析  

（KEK・放射線）別所光太郎、松村宏、桝本和義（京大・原子炉）沖雄一（京大院・工）長田直之 

（筑波大・加速器）木下哲一 

3Tandem Accelerator Complex, University of Tsukuba  
 
INTRODUCTION: In accelerator facilities, a manage-
ment of cooling water is one of the important tasks. Puri-
fied water was often contaminated with metal ions and 
colloids associated with radionuclides during operation.  
For example, Be-7 is produced by spallation reaction of 
oxygen in water and associated with metal oxide colloids 
at the high-energy and high-intensity accelerators. How-
ever, colloid-formation processes in water is not clearly 
known. In this work, metals such as Fe, Cu and Al con-
tacted with water were irradiated by γ-ray, bremsstrah-
lung and neutrons and colloid formation in water was 
investigated. 
 
EXPERIMENTS:   
(1) Irradiations at the electron LINAC 

Irradiation was carried out using bremsstrahlung and 
neutrons generated by 30 MeV electron beam hitting on 
Ta target (Φ50 x 61.5 mm) using an electron linear acce-
lerator (LINAC) at the KURRI. Pure water was sealed 
into the metal pipe (I. D.10.7x298mm; Pipe materials: Cu, 
Fe, Al). A pair of metal containers was fixed at the down-
stream position (0 deg: 40 mm from Ta target) for 
bremsstrahlung and neutron irradiation, and perpendicu-
lar position (90 deg: 20 mm from Ta target) for neutron 
irradiation. Electron beam current was about 100 μA, and 
the irradiation time was 4 hours.  

After irradiation, water samples were collected and fil-
trated with four kinds of ultrafiltration (UF) units for par-
ticle size separation. Estimated pore sizes of the UF units 
were 200 nm, 16 nm, 7 nm, and 3nm. Each filtrate was 
acidified with nitric acid (0.5%), and concentration of 
metals were determined by graphite furnace AAS and 
ICP-AES analyses.  

 
(2) Irradiations at the 60Co gamma-ray irradiation facility 

Mixtures of pure water (70 ml) and Cu metal powder 
(2.0 g, 100 μm) were sealed into glass vessels, and irra-
diated by several dose rates ranging 0-3.3kGy/h for 87h 
using the 60Co gamma-ray irradiation facility at the 
KURRI. During irradiation, samples were stirred with a 
magnetic stirrer. Irradiated samples were treated in a sim-
ilar manner as above and the concentrations of Cu in fil-
trates were analyzed by AAS.  

 
RESULTS:  Figure 1 shows the concentrations of Cu, 
Fe, and Al in case of the LINAC irradiation. High con-
centrations of Cu, Fe, and Al existed in water phase after 

irradiations. Especially at the 0 deg position, total metal 
concentrations were high and large particles were created. 
These results suggest that bremsstrahlung irradiation 
promotes not only corrosion of metal surfaces but gener-
ation and growth of colloidal metal species in water.  

Figure 2 shows concentration profiles for Cu with and 
without γ-ray irradiations. Creation of large colloid was 
promoted by the high dose of γ-ray irradiation. Chemical 
form of colloidal species produced by γ-ray irradiation 
was identified with copper oxide (I) (Cu2O) by the X-ray 
diffraction analyses. These results show that Cu material 
is dissolved and oxidized to Cu2O as colloidal species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reaction time : 87 h 

Fig. 1. Relationship between colloid size and colloidal
concentrations of Cu, Fe, and Al in water after irradia-
tions at the electron LINAC.  

Fig. 2.  Relationship between colloid size and colloidal
concentrations of Cu in water after irradiations at the
60Co gamma-ray irradiation facility.   
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PR12-6 Influence of Radioactive Gas on Size Measurement of Radioactive AerosolParticles 
by Diffusion Battery Method in Accelerator Facilities 

 
Y. Oki, N. Osada1 and K. Yamasaki 
 
Research Reactor Institute, Kyoto University 
1Graduate School of Engineering, Kyoto University 
 
 
INTRODUCTION: Various airborne radioactive nuc-
lides are formed in air of accelerator rooms during ma-
chine operation.  The behavior of aerosols bearing thus 
formed radioactive atoms in radiation fields gives us 
useful information on both of aerosol creation in the at-
mosphere and radiation protection against inhalation of 
airborne radionuclides.  Measurement for time variation 
of the particle size distribution of the aerosols is an effec-
tive way to clarify the behavior.  However, the diffusion 
battery (DB) method [1], a typical size measurement 
technique for radioactive sub-micron particles, does not 
work correctly for the particles bearing 13N, while the 
size of radioactive particles for principal nuclides in ac-
celerators, such as 7Be and 11C, was successfully meas-
ured with the DB [2].  The particles bearing 13N which is 
the principal radionuclide of electron linear accelerators 
(linacs) coexist with a large amount of 13N gaseous spe-
cies .  The coexisting gas may interfere in exact mea-
surement for the radioactive particles.  In this work, 
influence of adsorption of radioactive gas was shown in 
the measurement with the DB. 
 
EXPERIMENTS: The screen-type DB comprises the 
stack of stainless steel screens (mesh size: 500 wires per 
inch) and a collection filter placed at the rear of the stack.  
The membrane filter, DM-800 (Gelman Science), was 
used as the collection filter in this experiment.  An air 
irradiation experiment was performed in the 46-MeV 
electron linear accelerator in the Research Reactor Insti-
tute of Kyoto University.  Aerosol-free air was irra-
diated with bremsstrahlung of 30 MeV (max. energy).  
The activity of the collection filter was measured with a 
Ge semiconductor detector and a coincidence measure-
ment system of BGO detectors for the annihilation γ-ray 
counting.  The fraction of 13N gas adsorbed on the 
membrane filter was separately determined using aero-
sol-free irradiated air prepared by filtration of air irra-
diated in the linac under the same condition.   
 
RESULTS AND DISCUSSION:  The behavior of the 
particles in the size range of nm to sub-micron is domi-
nantly governed by diffusion of the particles.  A part of 
the particles introduced to the screens is collected on the 
surface of the screen wires by diffusion.  The rest part of 
the particles which penetrates the screen stack is trapped 
on the collection filter.   
  Activity of the filter was identified as 13N at the begin-
ning of the sampling by the decay analysis of the annihi-

lation peak.  The size distribution of the aerosol par-
ticles was assumed to have a lognormal distribution. The 
concentrations of particles penetrating the screens are 
expressed by an integral of multiplication of the penetra-
tion ratio (the ratio of activity penetrating the screens to 
activity introduced to the screens) and size distribution. 
The size distributions of 13N-bearing particles were de-
rived by fitting the curve of the penetration ratio obtained 
by changing the number of screens of the DB [2]. 
   The obtained size distribution for the 13N-bearing 
particles is shown in Fig. 1 along with that of whole 
aerosol particles including non-radioactive particles.  
The size distribution for the whole particles was obtained 
by replacing activity with the number concentration of 
the particles in the penetration ratio.  It was observed 
that the 13N distribution was much broadened compared 
with that for the whole particles.  The adsorption frac-
tion of the 13N gas for DM-800 was found to be in the 
range of 3.2 to 31 %, depending on the flow rate of the 
sample air.  The distribution was recalculated by consi-
dering the gas adsorption on the filter.  The correction 
was made, assuming 20 % of the gas adsorption fraction.  
As shown in Fig. 1, the broadening was not observed in 
the corrected distribution.  It is indicated that the broa-
dening is attributed to the gas adsorption.  Filters little 
affected by the coexisting 13N gas, such as PTFE mem-
brane filters, are suitable for aerosol collection in size 
measurement of radioactive aerosol particles in accelera-
tor rooms.   
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Fig. 1.  The size distribution of the aerosols obtained in 
the linac 
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Collecting substrates that was used in this study were 

(1) Uncoated clean stainless steel plate (Uncoated SUS)  
Research Reactor Institute, Kyoto University (2) Dow Corning silicone grease coated stainless steel 

plate (Grease coated SUS) 1Graduate School of Engineering, Kyoto University 
2Fujita Health University (3) Soft silicone rubber sheet with 0.5 mm thickness 
3National Institute of Radiological Sciences  
    The aerosol attached N-13 and Rn-progeny were 

sampled on each stage of the impactor for thirty minutes 
with flow rate of 22.2 liters per minutes. The beta ray 
from N-13 and the alpha particles from Rn-progeny were 
sequentially measured with on automatic sample changer 
(Aloka, Model JDC-551S) equipped with ZnS scintilla-
tion counter and GM counter for 1 minute after 15 mi-
nutes waiting for the decay of 218Po. After decay correc-
tion, number fractions of radioactive particles were found 
for each stage of the impactor. Since the size distribution 
was close to a log-normal distribution, the data of the 
cumulative fraction vs. the aerodynamic diameter were 
plotted on a logarithmic probability section paper. The 
smooth line through those data points was used to find 
the geometric median diameter (GMD, dg), and geometric 
standard deviation (GSD, σg). 

 
INTRODUCTION:  At high energy accelerators like 
FFAG (max. energy 150 MeV, max. average current 1 
nA), the radiation protection toward the induced airborne 
particulate radio-nuclides is one of the key issues for 
radiation safety of workers. Ultra fine particle generation 
and induced particulate radioactivity in high energy and 
high dose accelerator radiation field have been Co-60 
gamma irradiation facility and Linac in KUR. This report 
describes mainly the experimental results which were 
obtained in the target room of Linac. 
 
EXPERIMENTS:  Exposure experiments were carried 
out in the ambient air of the target room. The ventilation 
of the room was stopped during experiment. The accele-
rator was operated at the condition of maximum energy 
30 MeV and maximum average current 90 μA. The 
target material was Ta. The sampling point was about 1 m 
apart from the target and about 1 m high from floor. The 
sample air which was irradiated by high energy 
bremsstrahlump and neutron was introduced to the expe-
rimental room using flexible tubing made of stainless 
steel of 2.5 cm dia. and about 6 m in length through the 
radiation of 2.5 m thick concrete. Sampling flow rate was 
about 25 ℓ /min. Number size distribution and activi-
ty-weighted size distribution which were induced by high 
dose and high energy accelerator radiation were meas-
ured using SMPS (TSI, Model 3936), CPC (TSI, Model 
3025A), laser particle counter (RION, KC-18) and low 
pressure cascade impactor (Tokyo Dylec, LP-20RS) 

 
RESULTS and DISCUSSIONS:  Table 1 shows typi-
cal values of the size distribution parameters of N-13 and 
Rn-progeny aerosols in the target room of the Linac for 
several collecting substrates. Here, N-13 radioactive 
aerosol which exists in the target room in the machine 
operation is considered to coexist with large amount of 
gaseous N-13. Gaseous N-13 may exist in the form of 
Nitrogen-oxide such as NO, NO2, NO3 etc. 
   The Values in the Table 1 shows that these gaseous 
components may react with the silicone which is included 
in the silicone grease and silicone rubber. 
 
 

 

Table 1. Typical size distribution parameters of the N-13 and Rn-progeny aerosols in the 
target room of the Linac for several collecting substrates. 

 

Collecting 
Substrate 

N-13 Rn-progeny 
dg(μm) σg(－) dg(μm) σg(－) 

Uncoated SUS 0.19 2.32 0.25 2.38 
Grease Coated SUS 0.37 1.76 0.36 1.60 
Soft Si. Rubber Sheet 0.30 2.77 0.26 2.13 
 

採択課題番号 21P12-7 高エネルギー放射線場で発生する放射性ナノ粒子の測定・評価 プロジェクト 

（京大・原子炉）山崎敬三、沖雄一（京大院・工）長田直之（藤田保健大）横山須美 

（放医研）床次真司、反町篤行（京大・原子炉）高橋千太郎 


	KURRI Progress Report2009
	Preface
	CONTENTS
	Ⅰ.ORGANIZATION
	Ⅱ.COMMITTEE MEMBERS
	THE ADVISORY BOARD
	THE JOINT STUDY COMMITTEE  
	THE RADIATION CONTROL COMMITTEE
	THE REACTOR SAFETY COMMITTEE
	THE JOINT STUDY COMMITTEE FOR CRITICAL ASSEMBLY

	III. RESEARCH DIVISIONS AND
LABORATORIES
	III-1. DEPARTMENT OF NUCLEAR SCIENCEAND ENGINEERING
	III-2. DEPARTMENT OF MATERIAL SCIENCE
	III-3. DEPARTMENT OF RADIATION LIFE SCIENCEAND RADIATION MEDICAL SCIENCE
	III-4. HEAD OFFICE FOR SAFETY MANAGEMENT
	III-5. HEAD OFFICE OF ACADEMIC INFORMATION
	III-6. TECHNICAL STAFF OFFICE
	III-7. ADMINISTRATION OFFICE

	IV. EDUCATION
	V. OPERATION AND DEVELOPMENT OF
FACILITIES
	VI. RADIATION PROTECTION AND
MONITORING
	VII. PUBLICATIONS
(APRIL 2009 – MARCH 2010)
	VII. PUBLICATIONS
	Publication List (April 2009－March 2010)
	1. Slow Neutron Physics and Neutron Scattering
	2. Nuclear Physics and Nuclear Data
	3. Reactor Physics and Reactor Engineering
	4. Material Science and Radiation Effects
	5. Geochemistry and Environmental Science
	6. Life Science and Medical Science
	7. Neutron Capture Therapy
	8. Neutron Radiography and Radiation Application
	9. TRU and Nuclear Chemistry
	10. Health Physics and Waste Management
	11. Accelerator Physics
	12. Others


	VIII. RESEARCH ACTIVITIES
	VIII-I. SUMMARY OF RESEARCH ACTIVITIES
	VIII-II. ANNUAL SUMMARY OF EXPERIMENTALRESEARCH ACTIVITIES
	VIII-II-1. Project Research
	VIII-II-1. Project ResearchProject 1
	PR1 Project Research on Study of Microstructural Evolution andPhysicality Changes in Irradiated Solid Materials
	PR1-1 Thermally Stimulated Current Studies on Electron Irradiated ZnO Bulk Single Crystals
	PR1-2 Fabrication and Observation of Nano-Cell Structureon Compound Semiconductor
	PR1-3 Study on Formation and Recovery of Damage in Irradiated Crystalline Materials
	PR1-4 Photoluminescence Properties of Natural Na2SO4 Activated with Rare Earth Ions
	PR1-5 Positron Annihilation Lifetime Compared with Thermal Diffusivity in CeramicsIrradiated by 30MeV Electron Using KURRI-LINAC
	PR1-6 Vacancy-Type Defects in Cu-Cr-Zr Alloy Induced by 28 MeV Electron Irradiationat 77K Studied by Positron Annihilation
	PR1-7Defects Study for Bulk Glassy Alloys Damaged by Electron Irradiation
	PR1-8 Microstructure of Neutron Irradiated Vanadium Alloysin a Liquid Sodium Environment
	PR1-9 Damage Evolution in Neutron-Irradiated MetalsDuring Neutron Irradiation at Elevated Temperatures
	PR1-10 Effects of Thermal Aging on Positron Annihilation Behaviors ofODS and Non-ODS Ferritic Steels
	PR1-11 Interaction Between Radiation Defects and HydrogenStudied by Positron Annihilation Spectroscopy
	PR1-12 Austenitic Stainless Steel Irradiated with High-Energy Particle at High Temperature

	VIII-II-1. Project ResearchProject 2
	PR2 Study on Nuclear Data for MA and LLFP Nuclides
	PR2-1 Study of Neutron-Capture Reactions by High-Energy Gamma-ray Spectroscopy
	PR2-2 Study on Neutron Capture Cross Secitons ofMA and LLFP Nuclei Using Various Detectors
	PR2-3 Cross-Section Measurements for Neutron-Induced Fission of Curium Isotopes
	PR2-4 Isotopic Analysis of 107Pd Samples
	PR2-5 Study on Nondestructive Analysis and Neutron BehaviorUsing Photonuclear Reaction
	PR2-6 Study on Neutron Energy Spectrum Measurements for Pulsed Neutron Source

	VIII-II-1. Project ResearchProject 3
	P R3 Biological Effects of Low Dose Radiation
	PR3-1 Mechanism of Non-Targeted Effects Radiation
	PR3-2 Low Dose Radiation-Induced Telomeric Instability and Carcinogenesis
	PR3-3 Effect of Ascrobic Acid on Radiation Induced Rat Mammary Carcinogenesis
	PR3-4 Long-Lived Radicals on Radiation Carciogenesis
	PR3-5 Aneuploidy Induced by Low Dose Radiation and Carcinogenesis
	PR3-6 Expression Cancer -Related Genes in Response to Low-Dose Radiation
	PR3-7 Radiation-Quality Dependent Cellular Response of Gene Mutationin Normal Human Fibroblasts

	VIII-II-1. Project ResearchProject 4
	PR4 Fundamental and Developmental Research on Physicaland Chemical Characteristics of Actinides
	PR4-1 Electrochemical Studies on Uranyl Nitrate Complexesin1-Alkyl-3-Methylimidazolium Nitrate Ionic Liquids
	PR4-2 Target Prepararion of 243Am by Precipitation Method
	PR4-3 Redox Reaction of the NpO2+|NpO2 Couple in Molten NaCl-CsCl Eutectic
	PR4-4 Chemical Separation of TRU Elements and Fission Products andTheir Isotopic Fractionations in the Separation Process
	PR4-5 Zirconium Solubility in Ternary Aqueous System of Zr(IV)-OH-Carboxylate
	PR4-6 Electrical Conductivity Measurment and Thermal Conductivity Analysison (Sr,Ba)MoO3 and (Sr,Ba)MoO4
	PR4-7 Study on Chemical Property of Actinide Ions in Molten Salts
	PR4-8 Electrolytic Reduction of UO2 in LiCl Salt Bath at 923 and 973 K
	PR4-9 Solvent Extraction of Trivalent Actinum, Americium, Curium, and Californiumwith Di(2-ethylhexyl)Phosphoric Acid

	VIII-II-1. Project ResearchProject 5
	PR5 Project Research on Material Science Using Short-Lived Nuclei and Radiations
	PR5-1 Property Measurements on a LaBr3 Scintillator as a Fast γ-ray Detector
	PR5-2 Magnetic Moment of the 3/2+ State in 165Ho
	PR5-3 Observation of Local Fields in Silver-Doped ZnO
	PR5-4 Mössbauer Spectroscopic Study of Fe-Oxipnictide Superconductors
	PR5-5 Measurement of the Hyperfine Field in Mavicyaninby the PAC Method Using 111In Probes
	PR5-6 Synthesis and Electronic State of Four-Legged MX-Ladder Complex,[Pt(en)(bpy)I]4(NO3)8·16H2O (en: ethylenediamine, bpy: 4,4’-bipyridine)
	PR5-7 Gamma-Irradiation Effect on the Thermal Properties of Biodegradable Polymers:Poly(Lactic Acid) and Poly(Caprolactone

	VIII-II-1. Project ResearchProject 6
	PR6 Project Research on the Abnormal Aggregation of Proteinsby UV and Gamma Ray-Irradiation and Study of Repair Mechanism
	PR6-1 Structural Investigation of the 20S Proteasome and Its Related Particles
	PR6-2 Study on Structure of Complex Consisting of αA-Crystallin and βB2-Crystallin
	PR6-3 3-Dimeusional Structure Observation of Mammalian D-Aspartyl Endopeptidase by High-Resolution Atomic Force Microsocopy
	PR6-4 Damage of Biological Molecules Induced byIonizing Radiation and Biological Defense Mechanisms II
	PR6-5 Establishment of Analytical Method for the Recombinant Asp-IsomerizedHuman α-A Crystallin Using Reversed-Phase HPLC
	PR6-6 Conformational Change of Tryptophanase on the Basis of Comparisonwith γ-Tryptophanase
	PR6-7 Inversion and Isomerization of an Aspartyl Residue Affect the Properties of Peptides

	VIII-II-1. Project ResearchProject 7
	PR7 Development of Neutron Optical Devices andIts Application to New Neutron Spectrometer and Imaging
	PR7-1 Project for Improving the Utilization Activity on KUR and HL in KURRIunder Strategic Promotion Program for Basic Nuclear Research (II)
	PR7-2 Neutron Spin Phase Imaging for Visualization of Electric Current
	PR7-3 Recent Development of Large-m Supermirror and Very Small D-SpacingWide-Band Multilayer at KURRI
	PR7-4 Demonstrations of Neutron Resonance Spin Echo for Pulsed Source

	VIII-II-1. Project ResearchProject 8
	PR8 Trace Elemental Analysis Using Research Reactor
	PR8-1 Neutron Distribution Measurements For High-Precision NAA
	P8-2 Development of Prompt Gammma-Ray Analysis Apparatus in KURRI
	PR8-3 Antimony and Arsenic Concentration Distributionwith Soil Particle Size
	PR8-4 Activation Analysis of Metals in Hairfrom Animals Dosed Natural Medicines and Health Foods

	VIII-II-1. Project ResearchProject 9
	PR9 Deuterium Exchages in the Biological Macromolecules for a Neutron Analysis
	PR9-1 Neutron Scattering Studies on Proteasome Component
	PR9-2 Study of Effect of Deuteration on Crystal Structure of Proteinase Kby High Resolution X-ray Diffraction Technique
	PR9-3 Purification and Crystallization of Nattokinase from Bacillus subtilis natto
	PR9-4 Large Scale Preparation of Bio-Macromolecules with a Jar-Fermentor Systemto Deuterium Treatments
	PR9-5 Crystallization of Ribonuclease A and H/D Exchangefor Neutron Diffraction Experiment
	PR9-6 Structural Investigation of the 20S Proteasome and Anesthetic Agents

	VIII-II-1. Project ResearchProject 10
	PR10 Analyzing Tumor Microenvironment andExploiting its Characteristics for Controlling Malignant Solid Tumors
	PR10-1 Manipulating Hypoxia in Solid Tumors Has the Potentialto Influence Lung Metastases in vivo
	PR10-2 Development of New Tumor Targeting 10B-carrier: Boron Cluster-CyclicRGD Pentapeptide Conjugates for Boron Neutron Capture Therapy
	PR10-3 Optical imaging of Intratumor HIF-1 Activity to Optimize Treatment Regimenfor the Combination of a HIF-1 Inhibitor with Radiation Therapy

	VIII-II-1. Project ResearchProject 12
	PR12 Studies on Radiation Safety Control at Accelerator Facilities
	PR12-1 Estimation of the Initial Guess Spectrum for Estimationof Neutron Energy Spectra in the Vicinity of the Irradiation Facility of the BNCT
	PR12-2 Development of Passive Neutron Dosimeter with Good Energy Response
	PR12-3 Accelerator Neutron Dosimetry Using Composite Proportional Counting Tube
	PR12-4 Production and Behavior of Tritium in Accelerator Laboratory
	PR12-6 Influence of Radioactive Gas on Size Measurement of Radioactive AerosolParticlesby Diffusion Battery Method in Accelerator Facilities
	PR12-5 Behavior of Colloidal Species Formed in the Cooling Water of Accelerator Facilities
	PR12-6 Influence of Radioactive Gas on Size Measurement of Radioactive AerosolParticlesby Diffusion Battery Method in Accelerator Facilities
	PR12-7 Influence of Collectiong Substrates on Size Distribution Measurementof N-13 and Rn-Progeny by Low Pressure Cascade Impactor in the Linac Facility

	VIII-II-1. Project ResearchProject 13
	PR13 Project Research on the New Applicant Development Using the Characteristicsof the Particles from the Neutron Capture Reaction
	PR13-1 Evaluation of H2AX Focus Observedin the Ku80 Deficient CHO Mutant (xrs5) Cells Following Gamma Ray Irradiation
	PR13-2 Development of Pharmacokinetic MethodologyUsing Designed Boron Tracedrugs



	VIII-II-2. Collaboration Research
	Slow Neutron Physics and Neutron Scattering
	CO1-1 Development of Cold Neutron Interferometer with Perfectly Separated Paths
	CO1-2 Development of Analyzing Method of Small-Angle Scattering for Size Distributionof Segregation Particles in Metal Alloy
	CO1-3 Development of a High-Intensity Neutron Monochromator

	Nuclear Physics and Nuclear Data
	CO2-1 Production Rate of p Nuclei Sm-146 via Pm-146 Using Bremsstrahlung
	CO2-2 Development of a Calibration Method for Neutron Detectors Using White Neutronswith Energy Range from Thermal to 10 keV

	Reactor Physics and Reactor Engineering
	CO3-1 Development on In-Reactor Observation System Using Cherenkov Light
	CO3-2 Development of Subcriticality Measurement for Accelerator-Driven Reactor (IV)
	CO3-3 Measurements of Reactivity Worth of Rare-Earth Elements
	CO3-4 Development of Real Time Spectrometer for Fast Neutrons
	CO3-5 Quantification of Neutron and γ Ray Fields for Subcriticality Determination (2)
	CO3-6 Pulse Neutron Experiment for Accelerator-Driven System (2)

	Material Science and Radiation Effects
	CO4-1 Influence of γ-Ray Irradiation Conditions on Encapsulationof Hydrogen Atom into Silsesquioxane
	CO4-2 Coherent Excitation of Superionic Conduction
	CO4-3 Dependence of Gamma-ray Dose on AnnihilationBehavior of Irradiation Defects in Li2TiO3
	CO4-4 Absorption Spectroscopy with the Coherent THz Radiationfrom Linac Electron Beams
	CO4-5 Property of Linearly Polarized Coherent Transition RadiationEmitted from Wire-Grid Radiator
	CO4-6 Complete Decomposition of Pyrrolidone Derivativesby γ-Ray Irradiation under Heating
	CO4-7 Radiation-Induced Luminescence for Applying to Retrospective Dosimetry
	CO4-8 Development of a Reflection-Mode Scanning Near-Field THz-WaveMicroscopy with Coherent Transition Radiation
	CO4-9 Complex Structure of Ions Coordinated with Hydrophilic Polymer. 10:
	CO4-10 Monolayer Formation of Poly(methyl-n-propylsilane) on PEG Aqueous Solution

	Geochemistry and Environmental Science
	CO5-1 Study of Earth and Planetary Matters by Thermoluminescence
	CO5-2 Soil Remediation with Natural Organic Substances
	CO5-3 Thermoluminescence Colour Image Analyses of Lake Sediments
	CO5-4 Photon Activation Analysis Using KUR-Linac
	CO5-5 Cathodoluminescence Study of Nanodiamond Formation in Meteorites
	CO5-6 Long Term Observation of Atmospheric Aerosols at Sakai, Osaka
	CO5-7 Investigation for Environmental Radioactivity in Relic Obtained fromSalt-Production Site, Japan

	Life Science and Medical Science
	Neutron Capture Therapy
	CO7-1 Feasible Evaluation of Neutron Capture Therapy for Hepatocellular Carcinomausing Selective Enhancement of Boron Accumulation in Tumour with IntraarterialAdministration of Boron-Entrapped Water-in-Oil-in-Water Emulsion
	CO7-2 Performance Test of a Neutron Detector Using Side-Lighting Optical Fiber
	CO7-3 Characteristic Estimation for D2O Facility of KUR with Low-Enriched Uraniun Fuel

	Neutron Radiography and Radiation Application
	CO8-1 Transmission Electron Images Using 204Tl

	Accelerator Physics
	CO11-1 Demonstration of Terahertz-Wave Spectrophotometry by Compton Backscatteringof Coherent Transition Radiation Using KURRI-LINAC

	Others
	CO12-1 Development of the CCD-Based UCN Detector with Fine Spatial Resolution


	VIII-II-3. Original Research
	OR1 Influence of Manipulating Hypoxia in Solid Tumors on Radiation Dose-Rate Effectin Vivo, with Reference to That in Quiescent Tumor Cell Population
	OR2 Usefulness of Hexamethylenetetramine as an Adjuvant to Radiotherapyand Cisplatin Treatment for Solid Tumors: its inDependency of p53 Status
	OR3 Assessment of Environmental and Social Impacts Originatingfrom the Use of Nuclear Energy






