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1. Introduction

Endohedral radioisotopic -fullerenes, which
encapsulate a radioisotope within a fullerene
cage, have a possibility of being new
radiopharmaceuticals. Cagle et al.” reported
the method of synthesizing '**Ho-fullerenol
(***Ho@Cg,(OH),) and found the concentrat ion
of the 166H0@C32(OH)X into bone tissue as a
result of animal experiments. Since '°*Ho emits
a B-ray with the maximum energy of 1.8 MeV,
it seems that '“Ho@Cg,(OH), can be applied
to the therapy of bone cancer.

We have recently reported a method of
synthesizing  endohedral X e-fullerenol
(PXe@Ce(OH),),” which would be also
applied to the therapy of bone cancer, because
¥Xe emits a B-ray with the maximum energy
of 0.346 MeV. The '*Xe@Ce(OH), was
synthesized by stirring the o-dichlorobenzene
solution containing 133Xe@Cm, 14 M KOH
solution and tetrabutylammonium hydroxide
(TBAH, 40% in water) in a rotary evaporator
for 12 h. However, the recovery of the
P Xe@Ce(OH), was only 2%. Since the
recovery was very low for medical application,
other methods with the yield more than ten
times were desired. Therefore, a novel method
with a sufficient yield was designed.

In the present paper, we describe the novel
method of synthesizing **Xe@Cg(OH), with a
higher yield and the stability of that in 0.9 %
NaCl solution .

2. Experimental

Fullerene targets for ion implantation were

made by vacuum evaporation of fullerene ( Cqp)
on Ni foils. Implantation of '*Xe jons into the
targets was carried out with an isotope

separator at an acceleration energy of 30 keV.

After ion implantation, the fullerene on the
target was dissolved in o-dichlorobenzene. The
solution was filtered through a membrane filter
with 0.2 pwm pore size (Millipore, JGWP) to
remove insoluble materials.

One  milliliter of  the filtrate of
o-dichlorobenzene solution containing
endohedral '**Xe-fullerene (**Xe@Cso) and
Ceo was shaken for 1 min with 50 pL of
tetrabutylammonium hydroxide (TBAH, 40%
in water) and 1 mL of 14 M KOH solution in a
polypropylene centrifuge tube of 2 mL capacity .
On this PXe@Cs(OH), and
Ceo(OH), formed in o-dichlorobenzene phase.

shaking,

After the shaking, o-dichlorobenzene phase
was collected in a new polypropylene
centrifuge tube by a micropipette, and pure
water was added to the o-dichlorobenzene
phase. The mixture was shaken for 1 min to
extract 133Xe@C60(OH)X and Cg(OH), into
pure water phase .

e '®Xe radioactivity of "*Xe@Cg(OH),
and ultraviolet -visible absorption of Cego(OH),
in the pure water phase were measured by
y-ray spectrometry and ultraviolet -visible
spectroscopy, respectively, to determine the
recovery defined as a percentage of the amount
of "Xe@Ce(OH), to that of original
X e@Cq or as a percentage of the amount of
Cso(OH) to that of original Cqy.

The stability of the '*Xe@Cso(OH), in
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0.9 % NaCl solution was examined to evaluate
the stability in a human body for medical
09 % NaCl solution
containing '*Xe@Cg(OH), was allowed to
stand at room temperature for 5 days. The
"¥Xe radioactivity in the 0.9 % NaCl solution
was measured by y-ray spectrometry once a
day until 5 days.

application. The

3. Results and Discussion

X e@Cgo(OH),
synthesized by using the method described in
this study was 40%, which was 20 times as

The recovery of the

large as that by using the previous method. The
recovery of the Cgo(OH), was also about 40%.
Therefore, the chemical behavior of Ceo(OH),
seems to be similar to that of '*Xe@Cg(OH),.
The leaving time dependence of the relative
intensity of the '*Xe@Cg(OH), in 0.9 % NaCl

solution at room temperature is shown in Fig. 1.

For the results of the stability in 0.9 % NaCl
solution, the **Xe@Cqo(OH), was found to be
sufficiently stable for 5 days.

The stability of "**Xe@Cq(OH), revealed
that the endohedral radioisotopic -fullerenol

120 , ——— , ;
t0p om0
ol NI
60+
40+
20+ .
0 A .

0 20 40 60 80
Time/h

Fig.1. The leaving time dependence of the
stability of **Xe@Cq(OH), in 0.9 % NaCl
solution.
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would favorably be radiopharmaceuticals to be
used for cancer therapy in nuclear medicine.
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7.1
Microbeam System

Test Operation of Focusing High-energy Heavy Ion
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1. Introduction

A focused high-energy heavy ion scanning
microbeam system with a special resolution of
about lum is being developed at the AVF
cyclotron of the TIARA facility. It will provide
microbeams to applications in biomedical
science such as radio microsurgery and
mutagenesis with single ion hit technique which
will permit single cell irradiation in the
atmosphere. The details of the system design
are described in Ref. 1. The major devices of
the system listed following are installed on the
vertical beam line of HX in 2002:

« micro slits to define the micron-sized object
of the beams;

 divergence defining slits;

- an X-Y scanner to scan and position the
beams two-dimensionally;

 a quadruplet quadrupole magnet to focus the
beams to 1 pm.

The spread of the beam energy AE/E less than
10* (generally the energy spread of cyclotron
beams is larger than 10?) is necessary in order
to reduce the contribution of chromatic
aberration to the beam spot size. Therefore, the
flat top acceleration technique? was introduced
to reduce the energy spread of the cyclotron
beams and was used in the test operations
reported here.

2. Measurement of Microbeam Diameter

Figure 1 shows the close-up view of the target
point. A CaFy(Eu) scintillator of Imm in
thickness was set at the target point to observe
the size and the shape of the beams. The
scintillation was magnified by a long distance
microscope, enhanced by an image intensifier
and detected by a CCD camera. We carried out
beam focusing tests with 260 MeV ?Ne™
beams. A sample of the observed scintillation
image is shown in fig. 2 and its diameter was

(l)uadrupo! Magnet

1
|
|
i
|

Microbeam

CaF (Eu) Scintillator
(1mm thick)
View Port
Long-Distance

Microscope
Image Intensifier

CD Camera

Manipulator -

Fig. 1 Close-up view of the target point of the
focused high-energy heavy ion scanning
microbeam system.

624um

Fig. 2 Scintillation observed with a CCD
camera.
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~about 30 pm. The actual beam diameter is
smaller since the scintillation broadened in the
scintillator.

3. Acquisition of a Mesh Image

A titanium mesh with ¢110 um holes spaced
at 200 pm, a CaF,(Eu) scintillator and a photo
multiplier (PMT) shown in fig. 3 were set at the
end of the manipulator. The beams were
scanned by the X-Y scanner and scintillation
induced by beams passing through the holes o o )
were detected. Values of the scanning coil Fig.5 Scintillation intensity image ofa Ti
currents were used as beam pogiﬁon data mesh obtained by uSing a scanned microbeam.
because displacement of the beams is
proportional to the currents. The system of

beam scanning control and measurement is Radius505f Ti mesh hole
schematically described in fig. 4. The mesh gm .
: : 250 \ Beam size
pattern is clearly seen in an example of “(b) 737
2 . Jum
260MeV *Ne™ 2 '
. < 1500 / N W \\ /
o | beeaeesf
S \
T 100 \ / L
Ti Mesh =
5 ry % 50 \ I ' \
%3] \,/ ! J )
___________ ’ Il . B .
O 200 400 660 800
Beam Position [ 4 m]
N Ay Fig. 6 Scintillation intensity along the line
Manipulator > PMT (2) in fig. 5.

Fig.3  Timesh, CaFy(Eu) scintillator and photo SCitillation intensity image in fig. 5. Intensity
multiplier (PMT). distribution along the line indicated in the figure

is graphed in Fig. 6. The beam spot size was
estimated from the intensity distribution and is
about 70 um, which is two times as large as that

T F;} 2 obtained from the CCD image.
Windows - f_ﬁ
Y
T =l Etherl/Fl | 4. Summary
e The test formation of microbeam of 260 MeV
JAMRL = seamer MO 2Ne™ was carried out with the focused high-
Microbesm - - ——-|———— . TJ [" E’ﬂ] energy heavy ion microbeam system. The beam
oo s B N diameter measured on the scintillation image
”I .thfi‘fF_]” "{__D,A_C_ ,J—"" — —{ampj—"  Semtilstor ¢aken with the CCD camera was less than 30

WE-BUS

e vooeoe.. . |pm. However, that estimated from the mesh
{ ADC l e et ‘ DC AMP 1 pattern measured by use of the X-Y scanner was
o ) about 70 pum. The cause of this disagreement

. ) may be in the scanning system, which we will
Fig.4  Scanning control and measurement  verify in the following year.

system.

After completion of the system development,
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7.2 Micro-PIXE Technique for the Study of Asian Dust Sources
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M. Taguchi , T. Sakai”" and Y. Ohara
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Advanced Radiation Technology Center, JAERI™

1. Introduction

The Asian dust storm is a well-known
springtime meteorological phenomenon
throughout East Asia as well as Pacific Ocean.
A large number of studies on the Asian dust
particles have been reported'™. It is presumed
that Asian dust particles can be altered by
several aging processes such as absorption and
oxidation during their long-range transport.
remains the need to

There more fully

understand how man-made pollutants and
sea-salt aerosol are incorporated into natural
Asian dust storm particles”. In order to
understand these variations of Asian dust storm
particles, it is desirable to investigate the nature
of original sands collected at source areas in
China. However, unfortunately, the thorough
study including the analysis of individual sands
of various source regions, which can provide
detailed

composition of Asian dust sources, was not

information about the nature and

reported.

The primary goal of this study is to report the
of bulk
collected at four different desert regions in

comparative characteristics sands
China. In addition, chemical composition and its
visual distribution on individual sands were

newly determined.

2. Experimental procedure

In order to obtain more detailed information
such as chemical structure and mixing state of
surface  and  inner  individual  sands,
micro-particle induced x-ray emission (PIXE)

analytical measurement was performed with the

facilities of the Takasaki ion accelerators for

advanced  radiation  application,  Japan.
Micro-PIXE measurement was performed with a
scanning 2.6 MeV H' micro beam accelerated
by 3 MV single-ended accelerator. Beam
diameter and beam current were 1-2 um and
more than100 pA, respectively. The more
detailed analytical procedures and experimental
set-up of PIXE and micro-PIXE were described
elsewhere”. In addition, four kinds of bulk
original ground-sands in desert areas of China
were analyzed by PIXE. Also the water-soluble
fraction extracted from the surface of sand was
determined using PIXE. PIXE analysis was
performed with a proton beam of 6 mm diameter
and 2.0 MeV energy from a Tandem Cockeroft
accelerator. Beam .intensities from 10 to 60 nA
were employed and the total dose was about 20

pC.

3. Results and Discussion

Fig. 1 represents the PIXE spectra of bulk
sands at four desert regions in China and an
example of micro-PIXE spectrum for a single
sand collected at Yinchuan desert region. From
the PIXE analysis we calculated the elemental
mass concentrations of bulk and water-soluble
fraction of each sand collected at four different
desert regions in China. Unfortunately, Al could
not be quantified by our PIXE method. As
expected Si and other crustal elements showed
overwhelmingly high mass concentration. From
four kinds of samples, 20-30 individual sands
were randomly selected for single sand analysis
using micro-PIXE. Fig. 2 shows the example of
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Fig. 2 The example of the micro -PIXE elemental maps taken on a single sand collected in Yinchuan
desert area in China. Full scan size is 351 um x 356 pm and the total accumulated charge is 7.1 nC.

micro-PIXE elemental maps taken on a single
sand collected in Yinchuan area. As shown in
Fig. 2, by means of this micro-PIXE it was
possible to draw the distribution of components

in and/or on individual sands. Sands were

generally sharp/round-edged irregular shape and
mainly contained crustal components.

Fig. 3 illustrates the size distribution of
original sands collected at four desert areas in
China. The size of individual sands was
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Fig. 3 Relative size distribution of original sands
collected at four desert areas in China.

calculated with the mean of apse line and minor
line of each sand by using digital microscope
(KEYENCE, VH-7000). For each sample, 500
sands were randomly selected for their sizing.
The shape of size distribution is monomodal
showing the maximum level between 200 um
and 300 um for sands collected at Yinchuan,
Wuwei, and Dulan sites. Whereas, the maximum
level for Yanchin desert sands is displayed
between 100 pm and 200 pm. The size of sands
at Wuwei desert area is relatively wide spread in

the range up to 600 um. The size of original

sands collected at Yanchin desert site is
relatively smaller than those collected at other
three sites.

Fig. 4 shows pH of the extracted water from
four kinds original desert sands. pH of water
soluble fraction in every desert sands shows
slightly basic. Also a little bit different pH level
was measured among desert area (pH 7.2 at
Yinchuan, pH 7.2 at Wuwei, pH 7.3 at Dulan,
and pH 7.2 at Yanchin). It can be suggested that
pH of water soluble fraction in desert sands is
influenced by initial composition of dust sands
such as Ca*" and CO4~.

4. Summary

As the source of Asian dust particles, the
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Fig. 4 pH of extracted water from four kinds of
desert sands.

sands at four different desert areas were to
be the target of bulk and single analyses by
means of PIXE and micro-PIXE analyses,
respectively. The physical properties of
desert sands like morphology, color, and size
were basically determined. Also the
chemical characteristics of bulk sands of
each desert were specified as the relative
elemental mass. The elemental maps and
spectra for individual sands allow us to
understand the nature of individual sands.
Consequently, the physicochemical
properties of desert sands obtained from this
study can be helpful to understand what
kinds of man-made pollutants and sea-salts
are incorporated into natural Asian dust
particles.
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7.3 Research Activities using Micro-PIXE on the Study of
Elements Accumulation by Microorganisms in The

Fiscal Year 2003

T. Ohnuki*, F. Sakamoto™®, N. Kozai**, T. Sakai***, M. Oikawa*** and

T. Satoh***

Advanced Science Research Center, JAER]*
Department of Environmental Science, JAERI**
Advanced Radiation Technology Center, JAERI***

1. Introduction

The presence of radionuclides in nuclear
reactors and radioactive wastes is a major
environmental concern due to their radiation
emissions. In order to estimaie the potential
impact of radionuclides to human being, we
must elucidate the migration behavior of the
elements involving radionuclides in geological
and terrestrial environment. Abiotic and biotic
reactions of the elements should be considered
to estimate the impact. In last three decades,
many researchers have studied the interactions
between the elements and inorganic materials.
However, 'the biotic reactions of the elements
have received less attention.

Some microorganisms can accumulate the
elements on cell surface and inside cell . Great
amounts of elements accumulation have been
reported and have been expected to apply
remediation methods for the contaminated area.
Fundamental understanding of the interaction
between the elements and microbes is needed
to develop appropriate waste treatment and
management strategies as well as to predict the
microbial impacts on the long-term
performance of the waste repositories.

State-of-the-art
should be used to determine the interaction of

analytical ~ techniques

elements with microorganisms at the
molecular level to understand the structure
function relationship.

Particle induced X -ray emission (PIXE) is

one of the possible methods detecting
elements in the level of ppm V. If we use probe
beams of um order or less in diameter,
hazardous elements as well as other elements
distribution in a lower plant sample can be
determined with such spatial resolution. A
light ion microbeam system® with the spatial
resolution of less than 1 pm was constructed
on a beam line of 3 MV single-ended
accelerator in the TIARA facility at Japan
Atomic Energy Research Institute (JAERI).
And the in-air pu-PIXE analyzing system was
developed on the TIARA facility for chemical
analysis with a sub-micron level spatial
Thus,

elements of ppm level is available by p -PIXE.

resolution ?. mapping of hazardous
In fiscal year 2003, we have conducted the

following experiments using u-PIXE analysis.

(i) Accumulation of Cs by Saccharomyces

cerevisiae.

(ii) Accumulation of Pb by S. cerevisiae.

Here, we report the detail of accumulation of

Cs by S. cerevisiae.

2. Objective

Cesium exists in low-level radioactive
wastes. This indicates that the interaction of
Cs with microorganisms should be elucidated
to understand the impact of radioactive waste
to environment. The yeast S. cerevisiae is a
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eukaryot that has with a cell size of
approximately 10 pm in diameter. The yeast
is known to be accumulate metals®. Thus,

the p-PIXE technique was used to examine the
accumulation and localization of Cs and the
essential elements such as, P, K and Fe in
yeast.

3. Experimental

The yeast of S cerevisiage X-2180 was
obtained from National Research Institute of
Brewing, Japan and was grown in on YPD
medium containing the following ingredients:
yeast extract (Difco), 10 g; peptone (Difco),
20 g; glucose (Difco), 20 g and agar (Difco),
20g in 1 L DDI. The cells were grown in 100
ml of YPD broth in 500 ml flasks for 24 hours
at 30 °C on a shaker at 110 rpm.

The yeast cells were added to 100 ml of
YPD medium containing 1mM of Cs. Effect of
Cs on growth of the yeast was determined by
removing an aliquot at 0.1, 21 and 48 h and
measuring the optical density at 600 nm
(ODggo).

The yeast cells grown in the presence of Cs
were removed from the growth medium at 0.1,
21 and 48 h, washed twice with DDI and
attached on the sample folders, freeze-dried.
and analyzed by p-PIXE. A proton beam with
the energy of 2.6 MeV from the single-ended
machine was used for in-air p-PIXE analysis®,
so that the proton penetrates into the yeast
exciting elements both on the surface and
internal region of the yeast. The beam spot
was approximately 1 pm in diameter. The
maximum scanning area available at the
u-PIXE set-up was of 740 x 850 pm” .

The yeast cells were also examined by
scanning  electron  microscopy  (SEM)
(JEOL-6330F) operating at a voltage of 15 kV
equipped with an energy dispersive X-ray
analyzer (EDS) (JED-2140).

4. Results and summary

(1) Micro-PIXE analyses show that the yeast
S. cerevisae accumulates Cs during growth
when exposed to culture medium containing
Cs. The peaks for Cs, as well as P, K and Fe
were distinguished in the PIXE spectra. In
contrast, only the peaks for P and S were
distinguished in the SEM-EDS spectrum.

(2) Micro-PIXE analyses also suitable to
monitor the accumulation of Cs during growth,
as well as the changes in the cellular elements
with time.

In conclusion, p-PIXE is a useful technique
to detect lower concentration of elements in
cells than by SEM-EDS, even
though the yeast cannot directly observed as
with SEM. In addition, p-PIXE analysis is
applicable to

microbial

monitor the change in
concentrations of elements in microorganisms

during their growth.
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7.4

Detection of a Single Ion using the Luminescence

from CaF,(Eu) and ZnS(Ag)

T. Ohshima’, T. Satoh” ", M. Oikawa , and T. Kamiya"
Department of Material Development, JAERI™

Advanced Radiation Technology Center, JAERI™

1. Introduction

For the study of single event upset in
semiconductor devices and mutation of tissues
induced by ion irradiation, it is necessary to
develop irradiation techniques with high accuracy.
Up to now, TIARA has developed microbeam
irradiation techniques in conjunction with a single
ion hit system". By using the techniques, transient
ion beam induced current can be measured at
TIARA, and, as a result, charge collected from
electronic devices can be evaluated®. Furthermore,
for the study of biotechnology, a microbeam-
irradiation-system using a collimator, which is
connected with a cyclotron, has been developed®,
and microbeam-irradiation into cells has been
carried out®. Recently, to achieve more precise
irradiation, a microbeam formation system using
focusing lenses for ions from the cyclotron is now
under development at TIARA®). With decreasing
the size of electronic devices or objective area in

TANDEM accelerator at TIARA
Heavy ion microbeam irradiation (TB) line

tissues, smaller size of ion beams (ie.
nano-beams) and more precise control of
irradiation points are expected. For these purposes,
it is necessary to develop position-sensing
techniques with high accuracy, which can detect a
point irradiated by an incident ion.

In this study, we measured the luminescence
from CaF,(Eu) and ZnS(Ag) scintillators by

incident ions.

2. Experimental Details

The heavy-ion microbeam irradiation line
(TB line) connected with 3MV-TANDEM
accelerator at TIARA was used in this study 2.
CaFy(Eu) and ZnS(Ag)

irradiated with oxygen microbeams at an energy

scintillators  were
of 15 MeV. After the formation of microbeams at
a size of 1 pum, ion beam flux was controlled
using a beam-attenuator and a beam-chopper.
The luminescence from CaF,(Eu) and ZnS(Ag)

CaF,(Eu) and
ZnS(Ag)

A

3750 mm

15MeV 1604

Image intensifier

(C8600-03, Hamamatsu photonics)

00 mn"

Microbeam: Tpum

7 Long-distance microscope

(QT-100M, Quester)

CCD camera

(C4880-26A / C3077-30, Hamamatsu photonics)

Fig. 1 Incident ion detection system used in this study.
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Fig. 2 Luminescence from ZnS(Ag) by an
incident 15 MeV-O ion.

scintillators by irradiation was detected by a CCD
camera (Model: C3077-70 or C4880-26A,
HAMAMATSU Photonics K.K) in conjunction
with an image intensifier (Model: C8600-03,
HAMAMATSU Photonics KK) and a
long-distance (Model:  QT-100,
Quester). The luminescence collected by the

microscope

CCD cameras was analysed, and its profile

(position, intensity and distribution) was
evaluated. The detection system was illustrated

in Fig.1.

3. Results and discussion

Figure 2 shows the luminescence from
ZnS(Ag) by an incident 15 MeV-O ion. The beam
flax was reduced to be 0.6 cps using the
beam-attenuator and the beam-chopper. In our
knowledge, the detection of an incident single ion
using photo-image has not been reported.
Therefore, this article might be the world's first
report on real time observation of an incident
single ion using CCD cameras.

Figure 3 is the luminescence from CaF,(Eu)
by 15MeV-O microbeams at a diameter of 1 pm.
The image was collected by a sampling system
using consecutive microbeams (not single ion

Y [micron]

20
40
60
v80

100

| !

0 20 40 60 80 100

X [micron]

Fig. 3 Luminescence from CaFy(Eu) by
15MeV-O microbeams at a diameter of 1 pm.

FWHM 20pm

Fig. 4 Contour map of the luminescence
obtained from CaF2(Eu) by 15 MeV-O
microbeam irradiation.

hit). The highest intensity of luminescence was
observed at the center, and the intensity decreases
with increasing distance from the center. To
evaluate the luminescence profile, the image was
analyzed. The contour map of the luminescence
is depicted in Fig. 4. The symmetric spread of the
luminescence from the peak at the center is
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observed. From the analysis of the contour map,
the full width of half maximum (FWHM) is
estimated to be 20 pwm, as shown in Fig. 4. Since
the beam size is 1 um, the FWHM value obtained
in this study indicates that the scintillation by
irradiation is about 20 times larger than the beam

size.

4. Summary

The luminescence from CaF,(Eu) and
ZnS(Ag) scintillators by 15MeV-O ions was
evaluated. The luminescence from ZnS(Ag) by
an incident ion can be detected using the CCD
camera in conjunction with the image intensifier
and the
luminescence profile of CaF,(Eu) due to

long-distance  microscope. The
microbeam irradiation was analyzed. As the
result, the symmetric spread of the luminescence

with a FWHM of 20 pm was observed whereas

the size of irradiated beams is 1um.
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7.5
Analysis

Multiple X-Ray Detectors for High Efficiency Micro-PIXE

T. Sakai*, M. Oikawa*,T. Satoh* and S. Nomiya**
Advanced Radiation Technology Center, JAERI*

Raytech Corporation**

1. Introduction

In TIARA facility, in-air micro-PIXE
system has been developed 1 2) and widely
used for various applications. Although
micro-PIXE is powerful technique for two

i

dimensional elemental analysis, it takes lots
of time to get a clear image of elemental dis-
tribution especially in trace elemental map-
ping. So the improvement of the X-ray detec-
tion efficiency is required to reduce the
measurement time by micro-PIXE users,
because their beam-time is not enough due to
the tight TIARA facility schedule.

We have installed two new X-ray
detectors in addition to previously served hp-
Ge X-ray detector to increase X-ray detection
efficiency. One of the new detectors is high
energy resolution type for better sensitivity
below 2 keV and another detector has large
crystal size to improve the detection efficien-
cy above 6 keV X-rays, as described below.

BT ey e e e e e e B B o
[ Absorber: As ]
| 500 » m-thick Glassy carbon ca 65 O]
os |k and 25 y m-thick Be window n O p
L cy © ]
Ni
® [ Co ° )
Q 06 [} -
& Hn
g oa | o -
- Cr 1
O ]
0.2 - 8 ~
Sc
L CaQ
0 -QI..-.I 1 1 2 1 | PSP N )
3 4 5 3 7 8 9 10 11
Energy (keV)

Fig. 1 Calculated transmittance plot with elemental
symbols those correspond to their characteristic X-
ray energy

2. Instruments
2.1 X-ray detectors

The previously installed hp-Ge X-ray
detector (Ortec IGLET-X, 100 mm?2) has
moderate energy resolution of 160 eV at 5.9
keV Mn Ko X-ray and poor detection effi-
ciency below 2 keV because of Ge L-
absorption edge and backscattering proton
absorber (60 pm-thick polypropylene) which
1s attached in front of the detector endcap.
New high energy resolution Si(Li) X-ray
detector (PGT LS30135, 30 mm?) is set at
symmetry position of the hp-Ge X-ray detec-
tor respect to the beam axis. Energy resolu-
tion of the Si(Li) detector is 135 eV, and the
higher energy resolution brings better signal
to background ratio and smaller peak over-
lapping especially in lower energy region.
The detector window is 8 um-thick Be and
attached with an annular type absorber (100
pm-thick mylar) which has center hole size
of 3 mm in diameter, so that the detection
efficiency below 2 keV is fairly good.

On the other hand, another new detec-
tor is designed to improve the detection effi-
ciency above 6 keV X-rays. An out-of-date
hp-Ge gamma ray detector (Aptec PS-305-
D7.5C), that has 250 mm? active area with
260 eV energy resolution, is remodeled by
Raytech corporation. The endcap of the
detector is converted to L-shape to set the
detector crystal just behind the sample.
Although the configuration provides very
large solid angle, a proton beam dumper must
be attached in front of the detector window
for thin sample analysis. Ultra high purity
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glassy carbon (Tokai Carbon co. Itd.) is ideal
maierial for the dumper. Most of X-rays gen-
erated by a few MeV proton bombardment
onto the glassy carbon are secondary electron
bremsstrahlung and carbon characteristic X-
rays (280 eV). The main component of the
former continuous X-rays is below 6 keV. It
is necessary to absorb these low energy X-
rays, because they cause pulse pile-up in the
detector electric circuit. So we have adopted
500 pm-thick glassy carbon disk as the beam
dump that also plays a role of low energy X-
ray absorber. Figures 1 and 2 present calculat-
ed transmittance with X-ray energy and sche-
matic of these three X-ray detectors configu-
ration, respectively.

2.2 Data acquisition system

PC-based multi-parameter data acqui-
sition (DAQ) system has been used for micro-
PIXE measurement?)» 3, The DAQ software is
updated and the PC is replaced to the latest

hp-Ge X-ray detector
(Ortec IGLET-X)

Proton microbeam

S

Si(Li) X-ray detector
(PGT LS-30135)

one to be capable of simultaneous processing
the signals from these multiple detectors. The
improved DAQ system can manage up (o four
independent detectors with total count rate of
30 kHz. Beam scanning control is also com-
bined with the system, so that the scan fre-
quency and resolution can be change easily.

3. Performance

The multiple X-ray detection system
has advantages of not only for enlarging the
active area of detectors but also sharing effec-
tive X-ray energy regions between the differ-
ent detectors. Figure 3 shows an example of
X-ray spectra taken by these three detectors.
The efficiency below 2 keV is greatly
improved by the Si(Li) detector so that the
peaks from Na, Mg, Al and Si are clearly
observed. This improvement is especially use-
ful for clay-sorption behavior analysis .4On
the other hand, the spectrum, _1hal is taken by

Sample

Beam dump
(Glassy carbon disk)

hp-Ge X-ray detector
(Aptec PS305-D7.5C remodeled)

/

s

ol

(AD Current meter

zza

Fig. 2 Schematic of the three X-ray detectors arrangement with the sample
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Fig. 3 An example of X-ray spectra taken by three X-ray
detectors. The X-rays are generated by 2.6 MeV proton
beam bombardment to a clay sample.
the backward X-ray detector, shows almost
ten times higher statistics of X-ray counts
from heavy elements, such as Ni, Zn and As.
The result proved that the new multiple X-ray
detection system is succeeded in improving X-
ray detection efficiency drastically.
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7.6 Fluorine Distribution around the Sound and Carious Fissures

of Human Teeth

H. Yamamoto*, M. Nomachi**, K. Yasuda***, T. Sakai****Y, Iwami*,

S. Ebisu*, Y. Sugaya**, M. Oikawa**** T. Satoh**** and M. Fukuda****
Graduate school of Dentistry, Osaka University*,

Graduate school of Science, Osaka University**,

Wakasa wan Energy Research Center***,

Advanced Radiation Technology Center, JAERT****

1. Introduction

It has been reported that the fluorine (F)
concentration in the carious tooth is higher than
that in the sound tooth™?. The F distribution
around the carious fissure of human teeth has
been little known?, though the occulusal fissures
have the high caries susceptibility. Because of
the narrow and complex structure of occlusal
fissures, the application of conventional methods
for F measurement, such as the acid etching or
abrasion technique, has lacked the accuracy. The
estimation of F concentration in the sound and
carious fissures, therefore, would become one
step for clarifying quantitatively the preventive
effect of F on the carious formation.

In this study, we report the F distribution
around the narrow fissures of human teeth, using
the PIGE methods which we have established at
TIARA.

2. Experimental procedure
2. 1 Experimental set-up

The experimental facility of the 1.7 MeV
the TIARA
single-ended accelerator at JAERI-Takasaki, was

proton beam accelerated by
used for this work. Precise conditions of the
measurement were already published in the
previous report *%.

2.2 Specimens

Human teeth, extracted for the reason of the
caries, periodontitis and orthodontics at the
Osaka University dental hospital in the six

months, were used as the specimens. The teeth

embedded in the epoxy resin were cut through
the fissure and grouped visually to three
categories by the texture of fissure; Group A:
sound fissure, Group B: incipient carious fissure,
Group C: medium carious fissure. The width of
fissures ranged from about 10pm to 50 pm. The
number of each group was 5.

The precise pre-treatment of the specimens was
the same as previous experiments and precisely
described in the previous reports **.

2.3 Measurement

The measurement areas were about 140 um x
140 through 1000 pm. F concentration at the
around the fissure was measured. The obtained
raw data were converted to the quantitative
values by the reference materials Cayg
(PO4)s(OH),2x Fox (x=0, 0.1, 0.5, 1.0). The
maximum values of the F concentration around
the surface area of fissures were compared
among the groups.

The texture and width of fissures of specimens
were observed by photomicrograph.

3. Results and Discussion

Fig.1 (a)-(d) through Fig.3 (a)-(d) show the
obtained results as the photos and the 2D
the F
distribution was recognized at the surfaces of

mapping form. In all specimens,
fissures. The F concentration at the fissures
varied depending on the locations and decreased
towards the inner of the tooth. The F distribution
at the sound fissure with width of 10um was
observed along the fissure (Fig.lc), whereas
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those at the carious fissure were irregular.

Fig.1 (e) through Fig.3 (e) shows the F and Ca
concentration through the fissures about at the
middle of measurement area indicated by the
arrows shown in (c) and (d) of the corresponding
figures. Fig. 4 shows the maximum values of F
concentration around

fissures of measur
values  ranged
3500~11700ppm
2400~10700ppm
5200~16900ppm

the surface area of the
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follows;

concentration showed no significant difference
in Mann-Whitney statistical analysis (p>0.05).
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Fig.1. Distribution of F and Ca in Group A (Sound
fissure).

(a) Photomicrograph of cut surface of tooth (x4).
(b) Magnification of square area in (a) (x500).
Square area shows measurement area. (c) F 2D
distribution map. (d) Ca 2D distribution map. (¢)
Concentration of F and Ca at the cut face along the

arrow in (c) and (d). arrow in (c) and (d).
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Fig.2. Distribution of F and Ca in Group B
(Incipient carious fissure).

(a) Photomicrograph of cut surface of tooth (x4).
(b) Magnitication of square area in (a) (x500).
Square area shows measurement area.
distribution map. (d) Ca 2D distribution map. (e)
Concentration of F and Ca at the cut face along the
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Fig.3. Distribution of F and Ca in Group C (Medium
carious fissure). :

(a) Photomicrograph of cut surface of tooth (x4). (b)
Magnification of squared area in (a) (x500). Square
area shows measurement area. (c) F 2D distribution
map. (d) Ca 2D distribution map. (¢) Concentration
of F and Ca at the cut surface along the arrow in the
(c) and (d).

The F concentration on the both sides of the
fissures with about 10pum width or in the debris
contained in the fissure was firstly measured.
The high F concentration was recognized in the
debris (Fig. 2c¢). Although the fluoride histories
of all the specimens are not known, the F
measured at the fissure surfaces was seemed to
be not only the original F in the tooth but the
acquired F from the outside, compared with the

F Concentration (10 3 ppm)

A B C

Fig.4 Maximum concentration of F around the
surface of fissures

A: Group A (Sound fissure). B: Group B (Incipient
carious fissure). C: Group C (Medium carious
fissure)

F values reported™®. The high F concentration
tended to be observed at the carious fissures. But
it was not always, since the high value was
recognized also at the sound fissures. These
phenomena are seemed to relate to the structure
of the fissures or the texture of the carious teeth.

In conclusion, F distribution on the both sides
of the fissure with width about 10pm could be
separately measured. F concentration at the
carious fissure was not always higher than the
normal tooth.
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7.7 Modulation of Tissue Samples for Measurement of Cadmium
using In-air Micro-PIXE

T. Nagamine*, K. Suzuki*, K. Nakazato*, H.D. Moon*, T. Satoh**,
M. Oikawa**, T. Sakai** and K. Arakawa™***
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1. Introduction
Cadmium (Cd)
most toxic substances in the environment due to

is considered one of the

its wide range of organ toxicity and long
elimination half-life of 10-30 years”. The
majority of Cd accumulation occurs in the liver
and kidney. The main pathologic changes related
to chronic Ca toxicity, renal disease and bone
loss, are reflective of Cd concentration in the
kidney and the alteration of renal function that
ultimately causes osteoporosis and osteomalacia.
The mechanism of Cd toxicity are not
completely understood; therefore it is necessary
to develop the measurement system applicable
to Cd accumulated in the organ tissues. By
focusing the beam spot within 1 pm
(micro-beam) and scanning the samples, the
elemental distributions in the sample are
observed. In-air micro-PIXE is a convenient and
useful apparatus for examining metabolic
mechanism in the organ tissues and cell
cultures”. Since modulation of the sample
measurement is very important for an accurate
evaluation, we determine the optimum condition
of tissue sample for measurement of Cd using

In-air micro-PIXE.

2. Experimental procedure
2.1 Animal and treatment

ICR female mice were kept in the animal
facility of Gunma University, with 12-h light/
12-h dark regime and at constant temperature
(25 °C).The mice were allowed free access to

food and water to which Cd (CdCl,) was added
at levels of 100 mg/litter and 300 mg/litter. The
amount of water consumed by each mouse was
carefully recorded every day throughout the
entire experiment, and the life time Cd uptake
for each mouse was up to 230 mg and 540 mg,
respectively. Two years after, mice were
sacrificed and liver and kidney were removed
immediately and stored frozen at -80 °C until

further use.

2.2 Procedure for tissue fixation and
measurement of Cd
To cut 10 pm and 20 pm frozen sections, the
tissue samples were sectioned in a Leica CM
1850 cryostat. Sections were placed onto the 20
um thick of Mylar film. One sample specimen
was immediately fixed to a sample holder with a
bonding agent (the frozen sample), the other was
infiltrated with 95 % ethanol for 30 seconds then
fixed to a sample holder (the ethanol sample).
The 2.6 MeV proton beam, 1 yum of beam
spot size, accelerated by the TIARA
single-ended accelerator at JAERI-Takasaki was
used for measurement of Cd in the tissue
samples. Precise conditions of measurement

were reported previously”.

3 Results and discussion

The element distribution images of liver and
kidney sample obtained from the mouse dosed
with 300 mg/litter of Cd was shown in Fig.1 and
2. The X-ray yield of Cd was distinctly
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