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Cerebral benzodiazepine receptor binding activities in patients without hepatic
encephalopathy by positron emission tomography using [*'C]-flumazenil
[-2-]

A. Kato, Y. Fujishima. Y. Watanabe, K. Ikeda, M. Iwai, K. Suzuki,
*1 T. Sasaki, * 1K. Terasaki, * 1K. Sera

First Department of Internal Medicine, Iwate Medical University
19-1 Uchimaru, Morioka 020-8505, Japan

*1 Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, 020-0100, Japan

Abstract

Although the benzodiazepine (BZ) like substances were recognized as the causes of hepatic encephal opathy (HE),
little is known to the aterations of central _-aminobutyric acid (GABA)-BZ receptor in liver cirrhosis. Thus our aim is
to clarify the binding activities of the GABA-BZ receptors in patients with liver cirrhosis by positron emission
tomography (PET).

Twelve patients with liver cirrhosis without HE were undertaken PET using  [*C]-flumazenil. The intra-subject
pixel values corrected by static scan from 20 to 40 minutes after [“'C]-flumazenil injection were used as
semi-quantitative imaging of GABA-BZ receptor binding activities. The pixel values were divided into two groups (the
high pixel value group and the low pixel value group). The patients with high pixel value group (n=6) showed the high
levels of blood ammonia concentrations (105t 25 g/dl) and the patients with low pixel value group showed the low
levels of blood ammonia concentrations (33t 19mg/dl). There was a statistical differences (p<0.01) between these two
data.

These findings suggests that the activities of GABA-BZ receptor binding activities have a relation to the blood

ammonia concentrations.
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Time-dependent Changesin Cerebral Blood Flow after Acetazolamide
L oading into Patients with Hemodynamic Cerebral Ischemia
. Relationship to Cerebral Oxygen Metabolism

M. Kobayashi, K.Ogasawara, S.Yasuda
T.Okuguchi, H.Konno and A.Ogawa

Department of Neurosurgery, School of Medicine, Iwate Medical University
19-1 Uchimaru, Morioka, 020-8505, Japan

Abstract

The aim of this study was to clarify relationship between time-dependent changes in cerebral blood
flow (CBF) after acetazolamide loading and cerebral oxygen metabolism (CMRO;). The subjects
consisted of 30 patients with severe stenosis or occlusion of either internal carotid, middle cerebral,
or vertebro-basilar artery. Regional CBF was measured at the resting state and at 6, 16 and 30 min.
after intravenous administration of 1g acetazolamide using the positron emission tomography in
combination with [*>O]H,O bolus-injection method. Prior to CBF study, regional cerebral oxygen
extraction fraction (OEF) was measured using the [*°0]O, inhalation method. Regional CMRO, was
calculated based on CBF and OEF. According to the time-dependent changes in CBF responses to
acetazolamide loading, the CBF responses are classified into good response type, paradoxical response
type, and poor response type. Good response type (CBF increase rate more than 20% at 6 minutes after
acetazolamide loading), paradoxical response type (decrease of CBF at 6 min. after acetazolamide
loading) and poor response type (CBF increase rate less than 20% at 6 minutes after acetazolamide
loading) were identified in 39, 11 and 10 areas, respectively. Brain areas with good response type
showed normal OEF and normal CMRO,. Brain areas with paradoxical response type showed increased
OEF and normal CMRO,. Brain areas with poor response type showed normal OEF and decreased
CMRO:,.

Key words:
acetazolamide, hemodynamic cerebral ischemia, positron emission tomography, cerebral blood flow,
cerebral oxygen metabolism
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Effect of donepezil hydrochloride on regional cerebral blood flow

and oxygen metabolism in patients with Alzheimer's disease.

Hisashi Yonezawa"), Satoshi Takahashi", Etsuko Yamazaki'), Masako Kudo",
Satoko Obara", Toshihide Shibata®, Makiko Okamoto™, Hideo Tohgi",
Toshiaki Sasaki? and Kazunori Terasaki®

1) Department of NEurology, Iwate Medical University
19-1 Uchimaru, Morioka 020-8505, Japan
2) Cyclotoron Research center, Iwate Medical University
358-58 Tomegamori, Takizawa, 020-01000, Japan

Abstract

Cerebra blood flow and oxygen metabolism were studied in eleven previoudy untrested mild to moderately
demented patients with probable Alzheimer's discase (AD) before and after anticholinesterase treatment using
positron emission tomography (PET). Regiona cerebra blood flow (rCBF), regiona cerebral oxygen metabolic rate
(rCMRO,) and regiona oxygen extraction fraction (rOEF) were determined with the steady-dtate technige using
oxygen-15-labeled tracers (*0,, CPO, and C®0O). The PET study and an assessment of the cognitive
functiong(Hasegawa memory Scale-Revised(HDS-R), Mini-mentd state examination (MMSE), Wechdir Adult
Intelligence Scde-Revised (WAIS-R), Wechder Memory Scale-Revised (WMSR) and Functional Assessment
Saging (FAST) were performedbefore and after administration of 5 mg donepezil hydrochloridefor 3months.

Cognitive f'unction, cerebrd blood flow and oxygen metabolism in dl AD patients did not significantly differ
between before and after donepezil trestment. However, after donepezil treatment, there was significantly the positive
correlation at incease scores of atention/concentration(A atention/concentration), which is subscae of WMSR, and
change of rCBF and rCMRO2 (A rCBF and A rCMRO2)in frontal and parietd cortex. The scores of delayed recall,
which is aso subscae of WMS-R did not corrdae with any ROIs of A rCBF and A rCMRO2. In only 6 AD patients
who the point of attention/concentration did not deteriorate, rCBF in the frontd, parietal, and tempora cortices was
significantly improved(p<0.05).

These findngs may indicate that responders for donepezil in AD patients improved of the attention/concentration,
not delayed recdl, and improved of rCBF amd rCMRO2 in the frontd and parietd lobes, caused by improved
cholinergic activity by inhibition of AChE .
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Functional Organization of the Human Brain Involved in Difficult Calculations

R. Kawashima, H. Fukuda* 1, T. Takahashi*2 and A. Ogawa* 3

NICHe, Tohoku University
Aramaki Aza Aoba, Aobaku, Sendai 980-8579, Japan
*1 IDAC, Tohoku University
4-1 Seiryocho, Aobaku, Sendai 980-8575, Japan

*2 Japan Radioisotope Association
2-28-45 Honkomagome, Bunkyoku, Tokyo 113-8941, Japan

*3 Department of Neurosurgery, lwate Medical University
19-1 Uchimaru, Morioka 020-0023, Japan

Abstract

The purpose of this study was to determine brain areas involved in difficult calculations and word problems. Nine
healthy young male volunteers participated. The regional cerebral blood flow was measured using positron emission
tomograpy and *°O-labelled water during calculation task and word problem task. We had tasks made up that we
would expect college students to take about a minute to do. During the calculation task, subjects were asked to solve
following numerical formula; 54 / (0.51 —0.19) in their mind. The word problem was based on the similar calculation.
We found that the both calculation and word problem tasks activated the prefrontal area and inferior temporal area of
the left hemisphere.  In addition, the word problem task activated bilateral occipital cortex. Our results indicate that
activity in the brain became more concentrated in the left hemisphere when the calculation task turned to one where

more comprehensive thinking was required.
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Evaluation of the viability of myocardium by magnetocar diograms
In contrast with sugar-stress 18FDG-PET
J.Kamata, K.Nakai, K.Kawazoe, H.lzumoto, C.Itoh, A.Suwabe, M.Shobuzawa,

M.Shozushima, T.Sasaki, M.Yoshizawa and K .Kobayashi

Abstract

Glucose loading '®FDG-PET imaging was establised as a golden standard for the myocardial viability.
We investigated the possibility and problems of evaluating the myocardial viability (or infracted
myocardium) by the magnetocardiogram using 39ch-SQUID (Superconducting Quantum Interference Device)
in healthy volunteers and patients with ischemic heart disease. The current density distribution map
on magnetocardiogram was concordant with that of glucose loading *FDG-PET. This findings suggested
that magnetocardiogram can evaluate the myocardial viability (or infracted myocardium). In future,

it is necessary to have improved spatial resolution and three-dimentional amalysis for the next

generation of magnetocardiogram.
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A Evaluation of adjuvant therapy by PET for Musculoskeletal Tumors
Hideo Shiraishi, Tamotsu Toba,Jun Nishida and Tadashi Shimamura

Dept. of Orthopedic Surgery,Ilwate Medica University
19-1 Uchimaru, Morioka, 020-8505,lwate, JAPAN

In this study,we evaluated usefulness of PET for musculoskeletd tumors.We applied 3cases
whom came our hospital during April,1999 to March,2001,2 cases of osteosarcoma and one case
of Ewing's sarcoma . We performed MRI ,CT imaging and PET. PET was reportetd by many
authors that was supported diagnosis of tumor maignancies and tumor proliferation.In our
casgcase land 2 showed total necross of the tumor by MRI imaging smilar to PET
imaging .Case 3 indicated chemo-senditive or none. It was so difficult for evaluating such
cases.PET imaging showed like NC or PD cases suggesting good responder or non-responder.

PET imaging was s0 useful technique as a tumor proliferation and a tumor malignancy.In the
future, PET imaging give many imformations about metastasis or local recurrences Moreover it will
be carried out screening of the tumor by whole body 18FFDG scan.
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Evaluation of Tumor responseto Radiother apy by Positron Emission

Tomogr aphy in Advanced Thoracic Esophageal Squamous Cdll Carcinoma

Ryuji Nakamural) ToyaObaral) Shigehiko Katsuragawal) Hiroshi Oikawal) Satoshi
Haradal) Yoshiharu Tamakawal) KeisukeKoeda? Kenichirohlkeda? Nobuhiro Satoh?2
Kaoru Ishida?)

1) Department of Radiology, Iwate Medical University
2) Department of Surgery |, Iwate Medicd University
020-1850 Uchimaru 19-1 Morioka Japan

Abstract

To daify the role of positron emisson tomography (PET) with 18F—ﬂuorc>2—deoxy—D-gI ucose (FDG) in
evauation of tumor response, primary advanced squamous cell carcinoma of the thoracic esophagus was examined before
(5 cases: the non-treated) or after (10 cases: the treated) the full-dose radiotherapy.  In the trested, PET was performed
within 3 weeks after the end of thetherapy. A span of 8 cm of mediagtinum was scanned 60 minutes after intravenous
injection of 510mCi FDG. A fusion method of PET images and correspondent computed tomographic images
ascertained the location of the region of interest (ROI) in the esophagus.  The FDG count in ROl was corrected to
produce a standardized uptake value (SUV).  Initid evauation of tumor response graded the subjects as 2 complete
response (CR), 6 partid response (PR) and 2 no change (NC).  In the trested, accumulaion of FDG was unanimoudy
decreased and less demarcated compared to those of the non-treated.  Long-term follow up studies showed well control
of thetumor in CRsand fast relapsein NCs. It divided PRs into two groups: those relapse locally within 3 months and
those showed no locdl relgpse morethan 6 months. SUVs of the latter were lower than those of the former.
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Monitoring by *FDG after treatment
for malignant tumorsof oral cavity
-Part 4. Statistic examination of prognosis-

Kiyomi FUNAKI, Saburo SEKIYAMA, Yoshiki SUGIYAMA, Hideki HOSHI,
Masaru SASAMORI, Hiroyuki NAKATANI, Kouichi SAKAGAMI, Youichi TUTUMI

Second Department of Oral and Maxillofacial Surgery, School Japan of Dentistry,
Iwate Medica University
1-3-27 Chuohdohri Morioka 020-8505 Japan

Abstract
In patiants with ord malignant tumor, we performed dynamic scans by ®FDG-PET and evauated
prognosis
using the differentia uptakeratio (DUR) after cancer chemotherapy combined with radiotherapy, and results were
caculated asfollows:

MBg/ml X PET count X Pi.Weighi ; Pixel count
DUR= PET couni==-——mmmmmm———n- Calibration factor

Injecied RI Activity Pixel volume

PET scanning was performed in 52 patients with a follow-up period of 2 years or more who initidly consulted
our department before May 1999 and received cancer chemotherapy combined with radiothergpy by cannulaion and
arterid infuson.

In our basic experiment in mice, FDG uptake was decreased in norma organs but increased in the tumor tissue,
epecidly after 40 minutes or more. Our previous study on serid changes in DUR reved ed negligible changes between
10 and 50 minutes after injection of ¥FDG but suggested the usefulness of the val ue between 50 and 60 minutes after
injection for evauating treetment effects. Therefore, we caculated time activity curves (TAC) from DUR vaues a 50
minutes for 40- to 50-minutes scanning and at 60 minutes for 50- to 60-minutes scanning, and divided casesinto three
groups : the Decrease of TAC, Invariable of TAC and Increase of TAC group.

The thergpeutic effect was CR in the Decrease (n=8) and Invariable (n=29) of TAC groups, and prognoses
were Ao in 30 of 37 cases, showing no tumors. Tumorsin both groups were in the Sate of the local cure; however, one
case tested as fal se negative, and remnant tumor cells were observed in one of 37 cases (2.7%).

The thergpautic effect was PR in the Decrease of TAC group (n=15) with remnant tumor cells observed.
Controlled cases by surgery and additiond treatment showed good prognoses, whereas the other cases showed poor
prognoses such as Dc with surviving tumor cdls. In the Increase of TAC group, tumor cdls remained; however, one
casetested asfa se positive, and one of 16 cases (6.7%) were under conditions of loca heding.

Cumulative surviva rates were compared by the Kaplan-Meier method. The cumulative survivd rate wasthe
highest in the Invarigble of TAC group (89.7%), followed by those in the Decrease of TAC group and the Increase of
TAC group (83.3%, 0%). Logrank test reveded sgnificant differences bctween the Invariable of TAC group and the
Increase of TAC group (p<0.001) and between the Decrease of TAC group and the Increase of TAC group (p<0.05).

We dlinicaly applied SFDGA|PET in patients with oral maignant tumors, and revealed that changesin TAC
were agood indication predicting prognoss on monitoring after trestment of oral malignant tumors.
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Correlation of FDG uptake and pathological findings of squamous cell
carcinoma in the oral region

M.Shozushima, H.Moriguchi, M.lzumisawa, T.Ujo, H.Sato, S.Shoji
M.Hoshino, T.Sato*!, M.Sato*! and K.Sakamaki

Department of Dental Radiology, School of Dentistry, lwate Medical University
*1Department of Oral Pathology, School of Dentistry, Iwate Medical University

19-1 Uchimaru, Morioka, 020-8505

Abstract

Twenty eight patients with a histologically verified squamous cell carcinoma of the oral
region were studied by 18F-fluorodeoxyglucose (FDG) - PET. Although the uptake of FDG in all
tumors was enhanced, there was considerable variation between the rate of uptake of FDG in same
histopathological tumor of the same site. FDG uptake was correlated with tumor size and the
percentage of cell number in the region, whereas no association was found between FDG uptake
and pathologic grade of the tumors. Correct interpretation of FDG - PET study is predicated upon
derailed knowledge of a close correlation of functional and morphological imaging.
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Elementary Analysis of Normal Oral Mucosa by PIXE -5 -
Basic Study of Elements from the Dental Metallic Materials in Oral Mucosa

Shu ISHIBASHI, Yoshiki SUGIYAMA, Saburo SEKIYAMA, Masumi NAKAMURA
Hiroyuki NAKATANI, Kouichiro SERA*!, Shoji FUTATSUKAWA *2

Second Department of Oral and Maxillofacial Surgery, School of Dentistry, Iwate Medical University
1 - 3 - 27 Chuodori, Morioka, Iwate, 020 - 8505, Japan.
*1 Cyclotron Research Center, Iwate Medical University
348 - 58 Tomegamori, Takizawa, Iwate. 020 - 0100, Japan.
*2 Nishina Memorial Cyclotron Center, Japan Radioisotope Association

348 - 58 Tomegamori, Takizawa, Iwate, 020 - 0100, Japan.
Abstract
Nine elements (Cr, Co, Ni, Cu, Zn, Pd, Ag, Au, Hg) in normal oral mucosa were analyzed by
Particle Induced X-ray Emission (PIXE) method. The samples were collected from 86 healthy
persons (43 male and 43 female) ranging 11 to 77 years old with a mean age of 31.8 years . We
divided the healthy persons into two groups: the persons with metallic prosthetics restorations
(restoration group) and without metallic prosthetics restorations (non-restoration group) . The

copper (Cu) and zinc (Zn) were detected in all samples . As to the mean concentration value of Cu
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and hydrargyrum (Hg), the restoration group showed higher value than the non-restorations group.
The palladium (Pd) was detected in restorations group. As to aurum (Au) and Hg, the restoration

group showed frequency twice as mush as that of non-restorations group.
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Na 18.5+ 6.83 14.9+ 9.05
Mg 0.36+ 0.18 0.20+ 0.12
P 8.09+ 4.16 3.61+ 1.68
S 6.91+ 1.37 4.92+ 1.97
Cl 9.41+ 2.66 9.05+ 4.94
K 5.11+ 3.38 2.78+ 1.83
Ca 1.69+ 0.85 0.42+ 0.31

Table.l COOOODO (v 9/9)
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Si 85.4+ 85.3 139+ 155
Vv 0.31+ 0.36 2.53+ 1.09
Cr 1.05+ 0.42 6.04+ 8.13
Mn 2.07+ 1.83 1.86+ 1.16
Fe 146+ 49.7 116+ 74.8
Co 1.08+ 1.07 2.16+ 2.94
Ni 0.75+ 0.67 10.8+ 25.3
Cu 15.3+ 9.13 18.7+ 25.7
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Sn 0 13.7+ 7.78
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Pt 2.12+ 1.57 O
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Elementary analysis of the squamous cell carcinoma of thetongue

H. Hoshi, S.Sekiyama, Y. Sugiyama, A. Ohira, H. Nakatani
H. Misawa, K. Serd’, S. Futatsugawa -

The 2nd Department of Oral and Maxillofacial Surgery, School of Dentistry, Iwate Medical University
1-3-27 Chuodori Morioka 020-8505 Japan

Cyclotron Research Center, Iwate Medical University”
348-58 Tomegamori Takizawa 020-0100 Japan

Nishina Memorial Cyclotron Center, Japan Radioisotope Association” ”
348-58 Tomegamori Takizawa 020-0100 Japan

Abstract:

The chronic influence of various types of metals has been discussed, and attention has been focused on the
carcinogenicity as well as teratogenicity. The carcinogenesis by metals has been considered only as an
occupational disease. However, evaluation of the carcinogenic involvment of matals in the environment is
necessary.

In this study, we compared metal elements detected in the squamous cell carcinoma of the tongue and in the
normal oral mucosa .
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Analysis of titanium elements in the soft and hard tissue on titanium plates
and screws for internal bone fixation by PIXE method -3-
The results of animal models

Yoshiki Sugiyama, Masumi Nakamura, Shu Ishibashi, Saburo Sekiyama
Kouichiro Sera*, Shoji Futatsukawa**

The Second Department of Oral and Maxillofacial Surgery, Iwate Medical University
3-27 Chuodori 1-chome, Morioka-shi, Iwate-ken, 020-8505, Japan

*Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, lwate, 020-0100, Japan

**NishinaMemoria Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, lwate, 020-0100, Japan

Abstract

To clarify the kinetics of solution of the titanium materials in the body, we selected rabbits as the experimental
animal. By PIXE method, we made a comparative study of the titanium elements in the periosteum on titanium plates
and screws for internal bone fixation, normal periosteum, bonesin contact with titanium plate or screw, oral mucosa and
skin.

We excised these samples from three rabbits. The implanted time length of the materials in the body was 6
months for one rabbit and 12 months for two rabbits.

Asto concentration values of titanium, the samples from the periosteum on titanium plates as well as the bonesin
contact with titanium plate or screw showed higher values than the samples from normal periosteum, oral mucosa and

skin.
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348-58 Tomegamori Takizawa 020-0173 Japan

Abstract

In 30 healthy persons (control), 17 renal cell carcinoma patients, 30 hemodialysis patients and 15
healthy persons in the Takko-machi (Aomori prefecture), the selenium concentration in serum was
determined by PIXE. The mean serum selenium concentration in healthy controls was 1.38+0.59
pumol/l, in renal cell carcinoma patients 1.07+£0.36 pumol/l, in hemodialysis patients 1.29+0.86 pmol/I
and in healthy persons in the Takko-machi 1.73+0.71 pmol/l. There was a significant statistical
difference between renal cell carcinoma patients and healthy persons in the Takko-machi (p<0.05).
Takko-machi is famous for the production of garlic. Epidemiological studies have established an
inverse relationship between garlic consumption and incidence of gastric, colon, and larynged
cancers. Garlicisarich source of seleniumin the food.

Contens of selenium in normal and carcinoma fractions in renal of renal cell carcinoma patients
were determined by PIXE. The results indicate that renal cell carcinoma patients caused
significant decrease in the content of seleniumin the carcinoma fraction (p<0.05).
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Determination of Trace Elements in the Serum of Patients with Ossification of the

Spinal Ligaments
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348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

Ossification of the posterior longitudinal ligaments is considered to be induced by cell growth factors expressed
for unknown reasons in the spinal ligaments in the presence of systemic factors such as a genetic predisposition
or endocrine disturbances. Ossification is not necessarily limited to the posterior longitudinal ligament, but it is
known to occur in ligaments all over the spine, such as ankylosing spinal hyperostosis, or all over the body, such
as diffuse idiopathic skeletal hyperostosis, suggesting that factors of ligament ossification are expressed
systemically rather than locally. On the basis of these observations, we measured and compared the contents of
various elements in the serum of patients with and without ossification of the spinal ligaments by PIXE analysis
and investigated for elements related to ossification of the spinal ligaments. There were fourteen satisfactorily
detected elements in both the ossified and normal control groups in the serum. The bromine and phosphorus
levels were significantly lower in the ossified group than in the normal control group. Since growth impairment,
disturbance of connective tissue synthesis, and osteopathy are known to occur in bromine and phosphorus
disorders, further evaluation in a greater number of patients is necessary.
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Determination of Sein Cerebrospinal Fluid of Patients
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Abdract

In this study, we measured the serid change of Se concentration of cerebragpind fluid in four patients with acute cerebrd infarction by
PIXE andysis There was two peek of Se concentration a 3rd and 24th hours after brain attack. If the enzyme deviated from damaged
neuron caused an devation of Se concentration, each pesk of Se concentration may reved thetiming of acute necrods and ddayed death
of neuron.
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Fig. 1 The 72h back trajectories for fog events.
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Table 1 Content ratio of various elements to aluminum in insoluble substances of fog from 1997 to 1999

Sector O 0
Y ear 1997 1997 1998 1999
Date 26-Sep 2;;&) 27-Sep 232—iiug 22-Aug 2427?\7% 29%iiug 302—Ziug 29-Aug | 26-Sep | 26-Sep 23g_ep 23-Jun | 24-Jun | 24-Jun | 24-Jun
Time 11:50 | 17:30 | o06:30 | 15:48 | 05:56 | 11:10 | 14:35 | o08:26 | 06:13 | 05:43 | o06:50 | 17:35 | 13:55 | 11:.00 | 15:00 | 19:05
17:30 | 06:30 | 07:20 | 05:56 | 11:10 | 07:05 ]| 08:26 | 06:13 | 06:56 | 06:50 | 11:50 | 06:35 | 16:16 | 14:13 | 16:00 | 21:25
No.? 9 10 10 1 1 2 3 4 4 8 8 43 45 46 47 47
g © 1.22] 11.6)] 33.7] 0.80] 0.37] 0.42] 0.30f 0.35] 0.51] 0.34] 0.46] 0.28 5.1] 0.64 4.5] 0.31
Si 5.0 8.6/ 11.0 3.3 3.1 2.6 2.7 2.9 3.1 2.6 2.3 2.7 10 5.8 5.6 3.8
Al 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fe 0.37] 0.59] 0.51] 0.62] 0.56] 0.74] 0.53] 0.74] 0.49] 0.44] 0.36] 0.38] 0.28] 0.47] 0.46] 0.46
K 0.27] 0.95 0.9] 0.12] 0.18] 0.16] 0.14} 0.17] 0.23] 0.13] 0.12] 0.28] 0.49] 0.46] 0.45] 0.33
M g 0.22 1.1 2.8 0.13] 0.09|f 0.08] 0.10f 0.10]f 0.14] 0.16] 0.14] 0.18] 0.41] 0.20] 0.39] 0.21
Na 0.34 1.7 5.4] 0.14] 0.08] 0.06] 0.09] 0.08 N D 0.09] 0.07] 0.14|] 0.47] 0.19] 0.50] 0.09
Ca 0.52 4.1] 12.00 0.39] o0.10f 0.06] 0.11] 0.06] 0.12] 0.05] 0.02] 0.11 1.9] 0.26 1.7] 0.10
Ti 0.03] 0.06 ND 0.05] 0.04] 0.06] 0.04] 0.04] 0.03] 0.03] 0.03] 0.03] 0.05|] 0.05] 0.04] 0.06
M n 0.01] 0.02 ND 0.01] 0.02] 0.01] 0.01}] 0.01] 0.01] 0.01] 0.01}] 0.004] 0.01] 0.01}] 0.01] 0.01
Sector 0J u] O m]
Y ear 1999 1997 1998 1999 1998 | 1977
Date 24-Jun 262_‘:”1 27-Aug 131_25"ep 14l-gep 25-Sep | 25-Sep 272_‘;"ep 13-Jun | 25-Jun | 17-sep 242-:‘;J-un 23-Jun | 10-Sep 1411-3JL|n K 0sa®
Time 21:25 22:37 07:55 16:44 17:20 14:13 19:27 20:48 09:23 14:47 14:00 21:45 12:35 07:30 13:14
22:37 08:30 18:00 17:20 08:21 19:27 20:48 05:43 10:02 18:05 18:35 04:25 13:55 12:05 05:55
No.? 47 47 60 5 5 6 7 7 16 18 36 44 44 62 15 11
g © 1.4 3.4 5.2 0.36] 0.24] 0.85] 0.78] 0.25 1.6 0.6] 0.23] 0.75 3.6 42] 0.35
Si 3.9 4.8 2.8 2.6 2.8 3.3 3.1 2.8 3.9 3.2 3.1 2.6 2.7 22 3.3 2.7
Al 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fe 0.34] 0.46] 0.58] 0.65] 0.57] 0.62] 0.56] 0.41] 0.48] 0.56] 0.73] 0.38] 0.40] 0.59] 0.47] 0.58
K 0.56] 0.87 1.0] 0.18] 0.18] 0.12} 0.23] 0.14] 0.18] 0.25] 0.30] 0.42] 0.10 3.0] 0.39] 0.24
Mg 0.33] 0.36] 0.55] 0.16] 0.14] 0.13] 0.22] 0.20] 0.19] 0.14] 0.13] 0.19] 0.20 2.2 0.17] 0.25
N a 0.35] 0.26] 0.83] 0.15) 0.11} 0.14] 0.09] 0.10] 0.11} 0.33] 0.14] 0.15] 0.14 2.3] 0.11] 0.17
Ca 0.28 1.3 1.9] 0.23] 0.10] 0.39] 0.39] 0.11] 0.69] 0.23] 0.12] 0.36 1.4 15] 0.19] 0.12
Ti 0.18] 0.05] 0.04] 0.05] 0.05] 0.05] 0.04] 0.03] 0.05] 0.06] 0.05] 0.05] 0.03] 0.26] 0.05] 0.04
M n 0.01] 0.01] 0.02] 0.01)] 0.01}] 0.001) 0.01} 0.01] 0.01} 0.02) 0.01}] 0.005] 0.01} 0.03] 0.01} 0.01
@ No. corresponds to the number of back trajectory in fig. 1. b) ref. 7

96 0O V Zi((ximsy/ si)zln , X;O content ratio of sample, s;0 component ratio of "Kosa", n (=9)0 number of elements
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Table 2 Content ratio of various elements to aluminum in the fog water and in lavain near Mt.Hachimantai.
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Mt. Mokko ,
Morobi and Mt. Hachimantai Mt. Chausu Mt. Maemori Mt. Nishimori Mt. Appi
Kensomori
n=5 n=23 n=232 n=11 n=7 n==6
Ave. Ave. Ave. Ave. Ave. Ave.
Si 6.7 6.7 6.8 5.2 5.4 5.5
Al 1 1 1 1 1 1
Fe 0.26 0.25 0.23 0.20 0.23 0.19
Fe 0.77 0.73 0.81 1.1 1.1 0.99
Fe 1.03 0.98 1.05 13 1.3 1.2
K 0.10 0.11 0.11 0.02 0.03 0.04
Mg 0.52 0.56 0.62 0.63 0.69 0.56
Na 0.24 0.22 0.22 0.16 0.17 0.19
Ca 1.25 1.18 1.21 1.48 1.49 151
Ti 0.11 0.11 0.11 0.10 0.11 0.11
Mn 0.03 0.03 0.03 0.03 0.03 0.03

" Ref. 8)
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Table 3 Content ratio of various elements to aluminum in rhyolite.

1 2 3
Si 9.5 9.5 11 10
Al 1 1 1 1
Fe 0.34 0.36 0.26 0.08
K 0.52 0.51 0.65 0.60
Mg 0.06 0.08 0.03 0.02
Na 0.35 0.48 0.53 0.34
ca 0.24 0.26 0.11 0.15
Ti 0.06 0.08 0.08 0.02
Mn 0.02 0.02 0.03 0.03
1. Ref. 9), 2-4. Ref. 10)
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Relationship among the content ratios of insoluble substances and of variousion
concentrationsin fog water at Hachimantai from 1997to 1999
and the 72h back trajectories.

Junko Inotsume”, Ryoei Kikuchi®, Tomoko Okamura®, Tetsuya Adzuhata”
Kajikawa Masahiro”, Nobuaki Ogawa®, Toru Ozeki?, Koichiro Sera®

Y Faculty of Engineering and Resource Science, Akita University
1-1 Tegata Gakuen-cho, Akita 010-8502, Japan
2 Hyogo University of Teacher Education
Yashiro-cho, Kato-gun, Hyogo 673-1494, Japan
¥ Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori Takizawa 020-0173, Japan

Abstract

In order to investigate the acidification of fog and rain, fog water samples were collected in the Akita Hachimantai
mountain range from August to September, 1997 and June to September, 1998 and 1999.  The ionic componentsin
fog water were analyzed using ion chromatography and the insoluble substances were analyzed by Particle Induced
X-ray Emission (PIXE) analysis.  Combining the 72h back trajectory and the chemical analysis, the effect of the
transportation course of air mass on the insoluble substance element ratio and the ionic component in the sample was
discussed.  When the air mass was transported from the northeastern Chinato the Hachimantai range, the acidity of
fog water was highest in all cases. This acidification was mainly caused by nss-SO,> and NO,. It was found that the
five fog water samples in the air mass transportation course would contain “Kosa” as insoluble substances from the

northeastern China.
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Table 1. Operating conditions for ICP-MS and | CP-AES instruments.

ICP-MS HP 4500 (Y okogawa Analytical Systems) ICP-AES VISTA (Varian)
Plasma conditions Plasma conditions
Rf frequency 27.12 MHz Rf frequency 40 MHz
Rf Power 1.25 KW Rf Power 1.0KW
Gas flow rate Gas flow rate
Carrier gas Ar 1.0 L/min Carrier gas Ar 0.7 L/min
Auxiliary gas Ar 1.1 L/min Auxiliary gas Ar 1.5 L/min
Coolant gas Ar 15 L/min Coolant gas Ar 15 L/min
Sampling conditions Sampling conditions
Sampling depth 7 mm from work coil Nebulizer Glass concentric type
Sampling cone Platinum, 1.0 mm orifice diameter Sampling uptake rate 1.0 mL/min
Skimmer cone Platinum, 0.4 mm orifice diameter Spectrometer conditions
Nebulizer Cross-flow type Polychrometor Echelle polychromator
Sampling uptake rate 0.4 mL/min Focal length 40 cm
Data acquisition Multi-element mode by peak hopping Grating 94.74 grooves/mm
Data point 3 points/peak Entrance dlit width 25 um
Dwell time 20 mg/point Data acquisition
Integration 100 times Integration time 10 sec
Repetition 3times Repetition 3times
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Table2. Analytical results of x-ray spectra of urban particulate matter (1648) by PIXE.
Element Count* + Error** Quantitative value*** Element Count* + Error** Quantitative value***

Na 370+ 50 4570 Fe 18100 * 440 43300
Mg 630 + 60 5390 Co 1010 + 100 238
Al 4230 + 100 32000 Ni 230+ 30 59.6
Si 19100 + 170 123000 Cu 2200 * 60 658
P 950 + 80 6290 Zn 14000 + 120 4690
S 8740+ 110 62300 Ga 130+ 30 54.4
cl 430+ 50 3690 As 180+ 70 87.3
K 590 + 50 10700 Se 20+ 10 18.9
Ca 19500 + 160 63800 Br 390+ 30 364
Ti 7060 + 100 4220 S 100+ 10 198
\Y 290+ 80 108 Zr 47+ 10 135
Cr 1200 + 60 326 Pb 3580 + 60 6530
Mn 3400 + 90 852

*: Peak count of Kax-ray for each element except for Pb (Lax-ray).
**: Statistical error due to spectrum analysis.

**%: Quantitative values (mg/g) obtained by the powdered internal standard method.
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Table 3. Determination limits and concentration ranges for ICP-MS.

Concentration

Element Mass number Determination limits

(m/2) Insolution (mg/L) Insample(mg/g) ranges (mg/L)

Li 7 0.005 0.01 0.005 10
Be 9 0.005 0.01 0.005 10
Na 23 2 4 2 200
Mg 24 05 1 05 200
Al 27 0.5 1 05 200
Ca 43 05 1 05 200
Y 51 0.005 0.01 0.005 10
Cr 53 0.1 0.2 01 50
Mn 55 0.1 0.2 01 50
Fe 57 2 4 2 200
Co 59 0.005 0.01 0.005 10
Ni 60 0.02 0.04 002 50
Cu 63 0.02 0.04 002 50
Zn 66 0.1 0.2 01 200
Ga 69 0.005 0.01 0.005 10
As 75 0.02 0.04 002 50
Se 82 0.1 0.2 0.1 200
Rb 85 0.005 0.01 0.005 10
Sr 88 0.005 0.01 0.005 10
Ag 107 0.1 0.2 01 200
Cd 111 0.005 0.01 0.005 10
Cs 133 0.005 0.01 0.005 10
Ba 137 0.005 0.01 0.005 10
T 205 0.005 0.01 0.005 10
Pb 208 0.1 0.2 0.1 50
Bi 209 0.005 0.01 0.005 10
Th 232 0.005 0.01 0.005 10
U 238 0.005 0.01 0.005 10

Table 4. Determination limits and concentration ranges for ICP-AES.

Element Wavelength Determination limits Concentration

(nm) In solution (mg/L) Insample(mg/g) ranges(mg/L)

Na 589.592 0.1 0.2 01 2

Mg 285.213 0.005 0.01 0.005 2
Al 394.401 0.005 0.01 0.005 2
K 769.897 0.02 0.04 002 2

Ca 315.887 0.005 0.01 0.005 2
Cr 205.560 0.005 0.01 0.005 2
Mn 294.921 0.005 0.01 0.005 2
Fe 238.204 0.005 0.01 0.005 2
Zn 206.200 0.005 0.01 0.005 2

33 PXEOOICP-MSOOOO ICP-AESODO0OOODDO NISTOOOOODODOODODOOOOO
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Table 5. Elemental quantity by PIXE, ICP-MS and |CP-AES for urban particul ate matter (1648) of NIST sample. *

Determined value Certified value
Element PIXE (b) ICP-MS (c) ICP-AES (d) and/or non-certified
Mean + SD b/a (%) Mean + SD cla (%) Mean + SD d/a (%) value (a)

Li (ug/9) 102+ 0.2
Be (ug/g) 0.90+0.13
Na (%) 0.436£0.062  102.6 0.134 + 0.008 315 0.183 £ 0.016 431 0.425 + 0.002
Mg (%) 0.623+£0.114 77.9 0.631 £ 0.067 78.9 0.723 + 0.067 90.4 (0.8) **
Al (%) 3.32+0.38 97.1 2.76 £ 0.06 80.7 2.76 £ 0.27 80.7 342+0.11
Si (%) 9.38+1.76
P (%) 0.580 + 0.123
S (%) 6.00+1.35 120.0 (5.0)
Cl (%) 0.417 + 0.054 92.7 (0.45)
K (%) 1.00+0.08 95.2 0.893 £ 0.103 85.0 1.05+0.01
Ca (%) 6.41 + 0.63 126+14 5.77 £ 0.52
Sc (ng/g) )
Ti (%) 0.430+0.066 1075 (0.40)
V (ug/g) 107+ 24 76.4 91.0+18 65.0 140+ 3
Cr (ug/9) 341+ 91 84.6 236+ 5 58.6 380 + 30 94.3 403+ 12
Mn (ug/g) 804+ 94 935 703 £ 22 81.7 690 £ 60 80.2 (860)
Fe (%) 412+ 0.37 105.4 11.8+59 301.8 356+0.34 91.0 3.91+0.10
Co (ug/9) 187+ 28 1038.9 126+04 70.0 (18)
Ni (ug/g) 649+ 123 79.1 620+ 13 75.6 82+3
Cu (ug/g) 575 £ 56 94.4 534 + 16.3 87.7 609 + 27
Zn (%) 0.475 £ 0.053 99.8 0.658+0.047  138.2 0.395 £ 0.040 83.0 0.476 £ 0.014
Ga (ug/g) 55.0+ 6.0 345+0.9
As (ug/g) 87.3+95 75.9 105+ 3 91.3 115+ 10
Se (ug/9) 189+19 70.0 129+ 0.6 47.8 27+1
Br (uo/g) 395+ 35 79.0 (500)
Rb (ug/g) 202+0.4 38.8 (52)
Sr (ng/g) 193+ 19 144+ 3
Zr (ug/g) 164 + 18
Ag (ug/g) 57+1.0 95.0 (6)
Cd (ug/g) 65.1+1.3 86.8 75+7
In (ng/g) (1.0)
Sb (ng/9) (45)
I (ng/g) (20)
Cs (ug/g) 1.38+0.07 46.0 (3)
Ba (ug/g) 568 + 12 771 (737)
La(ug/g) (42)
Ce (ug/g) (55
Sm (ug/g) (4.4)
Eu (ng/g) (0.8)
Hf (ng/g) (4.9
W (ug/g) (4.8)
Tl (no/9) 1.81+0.09
Pb (%) 0.656 £ 0.023  100.1 0.701£0.015 107.0 0.655 + 0.008
Bi (ug/g) 5.00+ 1.61
Th (ug/g) 4.67 +£0.95 63.1 (7.4)
U (ug/g) 3.10+ 0.08 56.4 55+ 0.01

*: Mean and SD of five measurements.

**: |ndication of parenthesis is non-certified value.
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Table 6. Elemental quantity by PIXE, ICP-MS and ICP-AES for buffalo river sediment (2704) of NIST sample. *

Determined vaue Certified value
Element PIXE (b) ICP-MS (c) ICP-AES(d) and/or non-certified
Mean £ SD bla (%) Mean £ SD ca(%) Mean + SD d/a (%) vaue ()

Li (mg/g) 327+18 68.8 475+4.1
Be (mg/g) 0.97+0.09
Na (%) 0.400 + 0.052 731  0.028+0.008 51  0.081+0.001 14.8 0.547+0.014
Mg (%) 1.08+0.16 900 0913+0.037 76.1 113+0.01 A2 120+ 0.02
Al (%) 6.42+146 1051 7.00+061 1146 4.83+0.03 79.0 6.11+0.16
S (%) 26.1+6.0 89.7 20.08+0.13
P (%) 0.098+ 0.013 98.2 0.0998 + 0.0028
S (%) 0.350+ 0.037 88.2 0.397 + 0.004
Cl (%) 0.057 £ 0.018 (<0.01) **
K (%) 180+ 041 9.0 167+0.02 835 200+ 004
Ca(%) 264+041 1015 370+039 1423 241+0.02 9.7 2.60+0.03
Sc(my/g) (12)
Ti (%) 0.461+0.073 1009 0.457 £ 0.018
V (mg/g) 432+50 45.6 778+29 819 9%5+4
Cr (mg/g) 146+ 16 1081 112+8 83.0 120+ 3 83.9 135+5
Mn (mg/g) 479+ 39 86.3 540+ 22 97.3 550+ 7 9.0 555+ 19
Fe (%) 451+034  109.7 203+24 4939 4.01+£0.03 97.6 411+0.10
Co (mg/g) 3A0+50 24286 113104 80.7 140+ 0.6
Ni (mg/g) 319+ 134 723 311+14 705 441+30
Cu (mg/g) 91.8+117 93.1 80.1+3.8 812 98.6+50
Zn (mg/g) 450+17 1027 376+ 11 85.8 440+10 1004 438+ 12
Ga(mg/g) 120+17 80.0 199+08 1327 (15)
As(mg/g) 172+04 735 234+08
Se(mg/g) Not detected 112+ 0.05
Br (mg/g) (@)
Rb (mg/g) 198+22 1980 931+18 93.1 (100)
S (mg/g) 110+ 13 84.6 70.7+11 544 (130)
Y (mg/g) (2.8)
Zr (mg/g) 305+111 1017 (300)
Ag (mg/g) 04+01
Cd (mg/g) 215+ 0.09 62.3 345+0.22
Sh(mg/g) (9.9
S (mg/g) 3.79+0.15
I (mg/g) 2
Cs(mg/g) 479+ 0.07 79.8 (6)
Ba(mg/g) 275+ 8 66.4 414+ 12
La(mg/g) (29)
Ce(mg/g) (72)
Sm (mg/g) (6.7)
Eu (mg/g) (13
Dy (mg/g) (6)
Lu(mg/g) (0.6)
Hf (mg/g) ®)
Hg (mg/g) 147+0.07
Tl (mg/g) 045+ 0.03 428 1.06+0.07
Pb (mg/g) 192+16 1192 138+ 13 85.7 161+ 17
Bi (mg/g) Not detected
Th (mg/g) 522+ 0.46 56.7 9.2
U (mg/g) 144+ 0.06 46.0 313+0.13

*: Mean and SD of five measurements.

**: Indication of parenthesisis non-certified value.
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Table 7. Elemental quantity by PIXE, ICP-MS and ICP-AES for pine needles (1575) of NIST sample. *

Determined vaue Cetified vdue
Element PIXE (b) ICP-MS (0 ICP-AES(d) and/or non-certified
Men+SD  ba(%) Men+SD  da(%) Men+=D  da(%) vaue (a)

Li (mg/g) Not detected
Be(mg/g) Not detected
Na (%) 0.018+ 0.006 0.015+ 0.004 0.015+ 0.001
Mg (%) 0.074 + 0.009 0.122 + 0.002 0.100+ 0.001
Al (mg/g) 509+ 111 934 3718+3 69.4 434+ 8 798 545+ 30
S (%) 0.115+0.048
P (%) 0.039+ 0.004 74.2 0.12+0.02
S(%) 0.099+ 0.004
a (mg/g) 301+98
K (%) 0370+0021 1000 0.342+0.003 R4 0.37+0.02
Ca(%) 0.375+0.011 915 0.346+0013 8.4 03930007 5.8 041+£0.02
Sc(mg/g) (0.03) **
Ti (%) 132+ 36
V (mg/g) 233+£0.62 0.19+0.08
Cr (mg/g) 253+083 9.2 18+01 69.2 <10 26+0.2
Mn (mg/g) 618+ 20 916 ™4+8 1043 610+4 04 675+ 15
Fe (mg/g) 175+ 12 875 120+5 60.0 160+ 6 80.0 200+ 10
Co (mg/g) Not detected 0.1
Ni (mg/g) 212+052 60.6 218+021 62.3 (35
Cu (mg/g) 298+0.74 0.3 331+035 1103 30+03
Zn(mg/g) 612+ 6.9 287+55 50+3
Ga(mg/g) 373£174 0.22+0.06
As(mg/g) Not detected 021+004
Se(mylg) Not detected
Br (mg/g) 187+061 2.8 9
Rb (mg/g) 110+£31 A0 9.34+0.22 79.8 11.7+01
S (mg/g) 416+0.17 86.7 3.34+005 69.6 48+02
Ag(Mmg/g) 30+12
Cd (mg/g) 0.08+0.05 (<0.5)
Sb(my/g) ©2
Cs(mg/g) Not detected
Ba(mg/g) 506+004
La(mg/g) 02
Ce(mg/g) 04)
Eu(mg/g) (0.006)
Hg (mg/g) 0.15+0.05
Tl (mg/g) Not detected (0.05)
Pb (mg/g) 930+122 86.9 98+18 0.7 108+ 05
Bi (My/g) Not detected
Th (mg/g) Not detected 0.037+0.003
U (mg/g) Not detected 0.020+ 0.004

*: Mean and D of five messurements.
**: Indication of parenthesisis non-certified vaue.
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ABSTRACT

Since PIXE dlows detection of minute samples smaller than a milligram without any complex chemical
manipulation and since it not only simultaneously detects elements from Na to U in a short time but also detects
major-to-ultratrace elements at the ppb level, it is being used in a variety of fields, including environmental research,
medicine, geology and archeology, and PIXE analysis is fast becoming a universal method for highly sensitive analysis
of multiple elements. Meanwhile, multi-element analysis by means of ICP-MS and ICP-AES is being performed on a
daily basis by many research and analysis institutions. In the field of environmenta research, ICP-MS and ICP-AES
have become synonymous with multi-element analysis. Comparison of values determined by PIXE with those
determined by ICP-MS and/or ICP-AES is important in the field of environmental research in terms of evaluating
values determined by PIXE. As such, we compared values determined by PIXE with those determined by ICP-MS
and/or ICP-AES using NIST sample urban particulate matter, buffalo river sediment and pine needles.

PIXE analysis of the samples was carried out using PIXE at Nishina Memoria Cyclotron Center, Japan
Radioisotope Association. Quantitative analysis of elemental concentrations was performed based on a powdered
internal standard method for the urban particulate matter and buffalo river sediment samples, and on an internal
standard method for the pine needle samples. For preparation of the samples for ICP-MS (HP 4500) and ICP-AES
(Varian VISTA), these samples were decomposed with nitric acid using a microwave oven. The number of elements
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determined by ICP-MS was 28: Li, Be, Na, Mg, Al, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs,
Ba, Tl, Pb, Bi, Th and U, and that determined by ICP-AES was nine: Na, Mg, Al, K, Ca, Cr, Mn, Fe and Zn. Elemental
values were determined based on calibration curves generated from analysis of the continuing calibration standard.

Values determined by PIXE were 70 — 120 % relative to certified values of NIST samples except for V and Co in
buffalo river sediment samples. In particular, Al, K, Ca, Cr, Mn, Fe, Cu, Zn and Pb were 85— 110 % in all samples. On
the other hand, Na and Fe values determined by ICP-MS were very much different from the certified values in all
samples, but the other elements were 70 — 110 %. As for ICP-AES, all elements except for Nawere 80 — 100 % in all
samples. Comparing the values determined by PIXE and those determined by ICP-MS and/or ICP-AES, there was a
slight difference between the samples, but the range was 75 — 120 % except for Na, V, Fe and Co determined by
ICP-MS and Na determined by ICP-AES, which was generally consistent with PIXE.

Keywords: PIXE, ICP-MS, ICP-AES, NIST Sample, Multi-element analysis
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Preliminary Study of Chemical Analyses of Altered Wall
Rocks around Ore Deposits using PIXE

Daizo Ishiyama, Hinako Sato, Toshio Mizuta** and Kouichiro Sera*?

* 1 Faculty of Engineering and Resource Science, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

*2 Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori Takizawa, 020-0173, Japan

Abstract

Chemical analyses of rock samples (geostandards) having certified values were performed to evaluate an
availability of PIXE analyses for exploration of mineral resources. Two kinds of samples were prepared to estimate
contents of elements in the rocks, i.e., TiO,-added powder samples and original powder samples. A small amount of
sample (about 0.15 mg) was used for the PIXE analyses. Si content of powder samples of the geostandards was
estimated on the basis of the content of TiO, that was added. Contents of other elements in the geostandards were
estimated on the basis of the Si content.  Elements measured are Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, Cu, Zn, Rb and Sr
for the geostandards. Si content of the geostandards measured by PIXE analyses has 5 % of error. Chemical
compositions other elements in the geostandards determined by PIXE analyses have systematic discrepancies that could
be corrected. PIXE analyses of rock samples in this study would give important information for exploration of
mineral resources, because preparation of samples in this study is very easy and the measurement using PIXE is

simultaneous multi-element analyses.
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PixeAnalysisof Incineration Ashes

S.Futatsugawa”, M. Matsushita?, S.Kobayashi?, S. Hatakeyama®, Y. Saitou? and K.Sera?

DTakizawa | nstitution, Japan Radioi sotope Association
348 Tomegamori, Takizawa, |wate, 020-0173 Japan

ACyclotron Research Center, lwate Medical University
348 Tomegamori, Takizawa, |wate, 020-0173 Japan

Abstract

Ashes generated in the incinerator for radioactive waste a the Kaya Memorial Takizawa Laboratory
were analyzed using the PIXE system established at the Nishina Memoria Cyclotron Center. An
easy method of sample preparation of ash powder for the PIXE is described. A chemical crusher was
used to smash the ash to powder. The ash powder was grained and mixed with palladium carbon
powder asthe internal standard in an agent mortar. A smdl potion of the mixed powder was put on a
backing film. A little collodion solution dropped on the powder sample to fix it on the backing film.
The target was bombarded by an energetic proton. A plastic tube was incinerated continuoudly for
fifteen days. Each ash in the every day was corrected for PIXE analysis. Many eements in the each
ash were detected. The concentration of each element in an ash was different from another ash. The
PIXE is shown to be a very valuable method for analyzing the ash.

- 120 -



Joobbbobboddgd PXeg oo boooooooooood

gogoooob oxobobodx==gdubbbobodgd

goooobogobooobogn
32002793 O O0OOO0OOO0OOOOOOOODO 768

*D000 doooooooobobbobobobbbbboogo
694000013 DOODODOOODOOD 60

*»*O0OoOoOo O00obo0o booboooboon
0000013 DOOOOOOOOO 10201

1 0ddd

gooobobooobgoooboboboboboobo cboobooboobobobooboboonbo
goooobooboobbooboobobooboooboobboooboobobooboobobo

googobooobobgoobobooboooobooboboobooobobooboboobooo
gooobooboboobooooboobobooobobooob0oobooDoobooDboboobo
00000000000000000000 ¥300000000000000000000000000
MgOCalDUOO PODOOUODODOOODOODOODOODODOODOODODOODODDODOODO
goooboobobooboobooobooboboobobooboobobooboboobOoooo
0000000000000000000PW000000000000000

googobooboboobobooboboobooboboooboobobooboboobooo
gooobooboboobooooboobobooboboobooboboobobooboooo
goooboobobooobooooboobobooboboooboobobooobooboobooobo
goboopoboobobobboooboobooobboobuooobuoobooobooboon

2 0O0OODOoOod

2.1 goo

ggooboboooooobooooboobbooobbooooooobboooobobooobbobboon
goooboobobooboobooobooboobooboboobooboboobobooboobo
00002000000 400kg0 0000

2.2 gogogooboooo

gboooobooboboobooboooobobobooboboobobooboboon 720000
gooooooooobooboooboooOoOoDooboOoOCDO 3DOoOobOODOOObOODODOMEEbOOOOOO

-121 -



0oo0ooO)yYooooooobo 3000b0opo0o0ooboo0oooOo00ooDObO0oOoo0boODOoOooDOoDoO
gbooooboooobooooboooobooogbo 20b0ooboobooboboobobog
gooboboboboooooooboobobOobobO0oboboboboboobOoobD 1s0ooUOOOO

2.3 oo

goooboooobooboboobooboboobobboboobobooboOo soboonD 24
goooboobobooboboboob1z20o00b0n 3gbtisbood 000 100 200 000 O
oo s500000b 40o000ooebuooobobooobobooobboooboboooboboboobnon
go0o EDTADOODOOS000orpmSODO00O0O00O0D0O0O0O00O0DO0O0DO0OOO0ODOODO40000000
oono

2.4 goon

2.4.1 gboobooooooon

0000000 o00ob0o0D00b00Ob0b0OUOEDTA DDODOODODODDOODOOODOODOODODO 7050
gobooboogooboog

2.4.2 PIXE

0000000o00oo0oooO0o00o0oO0oobO00ooDOoo0o00oDO0o0OD 100pgmL DODOODOODOODO
goodoboooobDoboobo0ooO0obOOo0obOOobOOoUoO0bOoOooOOobDbOOoDOulODOOoDbODObOO
gobgooboobooboooobooboobuooboobbo0 obooobobo

2.5 0OOO0OOOO
000000000000000 000000000000 000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000
000000 000000000000000000000000000000000000
00000000o0o0oooon
000mMoOOoo0oooooooo Ca P Na
0000000000000000 : : :
0ooooo®’oo0oo0ooooon
oooo

3 goooobood

0oooodp g/mO

goooobobono 2000000
goooboobobooobooo
gb3gboooboobooboooo
goooboobobooobooo
gbooobooboboobooo

2 16 20 24 2 1 20 24 2 16 20 24

goooooooobooooonog 0ooooooo
gooo0oooooooooooo Oi10ddoodooooooooooooon
aiaisialalalaisisialalaiatslals 0000000000000 -0000000 00000000000 15000

ooooboooboboooboon
gooobuooboboo™@obooooboobobooboobooboobooobooboobooboooo

-122 -



3.1 goooboooboobooboobuooboobooboo
gooobooboboobobooobooboboobobocaaokooboooobooooboooo
googobooboobomMmgb 00 NaODOODOOODOODOODODODODOODODOODOOOO
goobobooobobooobob sooboooobooobobobooboboooboboboboobo
googobooboboobobooboboobooboobobooboobobooboooobooobo
goboobboobooboooobon
oob caOODOODOODDOODOODDOODOODOODODDOODOODDODOODOODO

0.25
0.20
0.15
0.10
005
0.00

0.25
020
015
010
0.05
0.00

0oO0o00Op g/mO

0.20 0.5
0.4
0.3
0.2
0.1

0
12 16 20 24 12 16 20 24

oooooooo

0200000000000000000000(7)
c000000000000-0000000-00000000000415000

0.10

0.00

12 16 20 24

0

00000O0p g/mO

12 16 20 24 12 16 20 24 12 16 20 24
oooooooo

0300000000000000000000(2)
c000000000000-0000000-00000000000150000

0000000000000000000000000000000 **000 MgO NaOOOOOOOO
000000000000000000000000000000000000000000 “*000o0o0
gooobooboboobooooboobobooboboooboobobDooboboboboobo
goooboobobooboobooobooobooboobobooboobobooboooobOoobo
goboobooboboobooboobobooboobooboobDoooDboobooob

-123 -



3.2 0000000OO0OOOOODOODOOO 0i000000000000000

goooo O0000o0o0o000o0oo0ooooo
000000000000000000000000
000000000000000 1600000000 W /mL
O000000000000000000000000 2% 72
00000000000 00000000000000 0.0467 * 0.0491 0.0293

1.0813° 1.0687 2 1.1882

00000000000000000000000000 00472 2 00861 ° 00194
000000000000000000000000 00067 2 00224 " 00354
0000000000000000000000000 Mo  0.1149° 01783 @ 0.0586
000000000000000000Co0MnOMoO 02301 03737 " 0.3635
000000000000000Zn0Se0000000 00769 ° 0.1445 °© 0.0205 *

Y 0.0222 2 0.0481 ° 0.0701
J000o0O000oO0oOoooOoo.os00oOooooooa

gooobooboboob cubobooboboo
020000000000 100000000000O0
gooobogobbocoO MnOOOOODOODOODOOO

000000000000000000000 g200000000000000000
0000000000000 00000000000 vooooooooooogo
00000000 0000000000DDO000oO 000oo0000000000000
000000000 000000D00O0DD000O0O
0000000000000o0o0 2%(uq/mL —
Co 0.0128° 0.0105 ° 00379 ¢
3.3 gboooboobobooboobobooon Mn -0.0016 ° -0.0123° 0.0506 2
ooooo Pb -00092°  -0.0051" 0.2045 2
000000000000000000000000 Cu  01654°  -0.0573" 00153 "
0000000000000 0ooooooooooon JoodoO0oDoOoDOooOOooOooDo.050ObDODODODO

goooboobobooboobobooboboon
0000000°0000000000000000000000000000 00000000000
gooooood

03 0bhoobooboobobboobo0obOrFFADDOODODODOODDOO
O

gooood goooogo
oooono FFA gooog gog ooooo FFA
Ca 0.229 0.004 Fe -0.002 -0.079 g 0.174 -0.117
P 0.150 0.427 Cu -0.314 -0.080 od 0.015 0.056
Na 0.363 0.037 Co 0.163 0.156 od 0.077 0.324
Cl 0.241 0.242 Zn -0.418 0.773* OO 0.139 0.151
K 0.372 0.087 Mn 0.441 -0.325 g -0.069 0.316
MG -0.006 0.516 Se -0.259 0.242 g 0.254 0.367
S -0.058 0.356 Mo 0.149 -0.100 od 0.596 * -0.127
Cr 0.763 ** -0.306 0 0.010 0.649 *

**:p<0.01, *: P<0.05

obooooboboboobooboobooboobobobooboboobobooboooDoboobDoDbO
gbooooboobooboobooboooobodznb00bobOoCc 0boboobobooboobog
OO0NbOODO0ODOOYOODODODOODODOOODOOOODODOOODODOOODODOoOooOOoooooobog

gbooooobooboobo cObobobooboobooboccobooboobobooboobooooobo
gooooooooOooooOoOoODDoDODOONOD YOOOOOOoooooooooooobbobpoooo

-124 -



goboooooboobgobooobooobouobooboobobooboboooboboobobooboboo
gboboboboboobobobobobobobobobooboboboooooooboobDobDuobg
3.4 ooo
gooogboooobooboboobooboobooboboobooboboobobboobooo
goooboooboboobobooboooboobooboboobooboboobobooboooo
goooboobobooboobobooboboobobooboobobooboboboobooobo
goboobbooboobboooboobuooboobboobooboobooooboo
Ca0O000OOobDOoO0bOoOobOobOOobOoOoboOobOoOobOobDbOO0ObOoUobOobDO0ObDbobOoobo
gooobooboboobobooboobooboobobooboobobooboooobuoobo
goboobboobooboboooboobobooboobDbuooboon
googobgooobobooboboobooooboobooboobooobobooboboobooo
gooobooboboobooooboobobooboboobooboboooboboboboobo
goooboobobooboobooobooboboobobooboobobooboboboobOooobo
gobogboobooboboobooboobuoobobobooboobobooboboboobobo
0000000000000000000000000000°00000000000000000O0
goooboobobooboboobooobooboobobooboobobooboboobuoobo
gopoooog

4 0JdOodd

1) Payne,J.M., (1970) The use of metabolic profile test in dairy herd. Vet. Rec., 87:15000 158.

2000001900 0000000000000 0OO00DOOoUDOOOOOUss8ros.

300000199800 300000000000 0DOO0D 4000000D000DO0O0ODOODOODOODOO
ooo0o0omooO0ooOoUoooobooooooooooo

H00000000002000 00000DOOODOO0O0ODOODOOO0ODDODODOOOODO

50000190 00 0000000000000 00O0O00DOO0O0O0OdA5S7:9590 9700

-125-



Variation in several mineral concentration in beef plasma analyzed using PIXE and

its relationships with metabolites relating to nutritional condition.

Yasuhiro Aoki, Sada Ando*, AkihisaYamada**, TomoyaYamada and Naoto Nakanishi

Nationa Institute of Livestock and Grassand
Senbonmatsu 768, Nishinasuno, Tochigi, 329-2793, Japan

* Present address: National Agricultural Research Center for Western Region
Yoshinaga 60, Kawai, Oda, Shimane, 694-0013, Japan

** Present address: Agriculture, Forestry and Fisheries Research Council Secretariat, Ministry of Agriculture, Forestry
and Fisheries
Kasumigaseki 1-2-1, Chiyoda, Tokyo, 100-0013, Japan

Abstract

The experiment was carried out to investigate [0 ) the variation in plasma concentrations of several major and minor
minerals of beef steers and 2) the relationships between the plasma concentration of minerals that detected using PIXE
and glucose and free fatty acids (FFA) . Three Holstein steers were maintained under either free feeding, restricted
feeding or fasting. They were fed sufficient amount of feed on the experiment day at 15:00 regardless of the feeding
treatment, and blood samples were collected at 12:00, 16:00, 20:00 and 24:00. The plasma concentrations of minerals
were analyzed using PIXE, and glucose and FFA concentrations were also tested.

It was observed that the plasma concentrations of several micro minerals before feeding and its changes after feeding
were significantly different due to the treatments. And aso, several micro minerals showed relatively high correlation
with glucose or FFA concentrations in plasma. These results suggest that several micro minerals detected using PIXE
might be useful tools to estimate the nutritional status of cattle.
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Determination of Trace Elementsin Liver, Serum and Plasma of Mice
by PIXE and Instrumental Neutron Activation Analyses (111)
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348-58 Tomegamori, Takizawa 020-0173, Japan

*3 Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

Concentrations of various trace elements in serum and plasma of zinc-deficient mice and control mice
were determined by PIXE analysis. Twelve elements, Na, Mg, P, S, C1, K, Ca, Fe, Cu, ZI, Se and Br in serum and
plasma were satisfactory determined. Low Zn concentration was found in sera and plasma of Zn-deficient mice
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although no significant differences between two groups of mice were recognised for the other elements. A
correlation between Zn concentration and APL activity was also found in the plasma of Zn-deficient mice and
control mice.
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Different Effects of Copper (O ) and Copperd O [0 on Copper Contents of
Liver and Life Span in the LEC Rats Maintained on High Copper Diets
Studied by PIXE and Survival
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Abstract

The effects of the intake of dietary of Cu((J)Cl and Cu(C] )Cl on liver accumulation in
Long-Evans Cinnamon(LEC) rats was investigated. LEC rats were freely given experimental diets
without or with supplemental copper chrolide (containing 0.5 g or 1 g of Cu(J )CI or Cu([J )Cl as
total per 100g diets) for 30 days.

Male LEC rats were treated with Cu(O )Cl or Cu([D )CI  for 30 days. Copper content of the
liver were measured by PIXE.

The presence of Cu([J )ClI or Cu([J )CI caused a significant increase in copper concentrations
in the livers. We also found that liver copper content in Cu(] )Cl-treated rats was significantely
higher than those in Cu((J )Cl-treated rats. However, Cu([J )Cl-treated rats had shorter life—span
than Cu([J )Cl-treated rats.
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Fig.1 Thecumulative survival rate was determined by the
Kaplan-Meier method. LEC rats groups classified into
1)Seleno-DI-methionine:40mg/k,g( n=10),
2)Seleno-DI-methionine: 20mg/k,g,(n=10), and
3)Seleno-DI-methionine: 10mg/k,g, n=10.

Therewas significant difference among these three groups of therats, p<0.01.
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Fig. O Comparison of selenium concentration in mammary gland
tissue and mammary cancer tissue of Fischer 344 rats 2 hours after
injected with seleno-DL -methionine.
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PIXE Determination of Seleno-DL -methionine and ItsValidation
with regard to Uptake and Protein Incorporation in Rats.
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Abstract

This investigation aimed to validate seleno-DL-mehionine as a protein synthesis marker using
PIXE. Seleno-DL-methionine solution was intraperitoneally injected into the Long-Evans
Cinnamon (LEC) rats and Fischer 344 rats. At 2 hours after injection, the rats were killed and the
selenium concentration was measured in livers of LEC rats and mammary cancer tissues of Fischer

rats, respectively.

The high organ incorporation of selenomethionine was founded in liver of LEC rats.

Selenomethi onine was predominatly incorporated into tumor tissue after injection in vivo in rats.

The study suggested that selenomethionine has good chemical as a protein synthsis tracer for

the assessment of physiological function.
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Se excretion and organ Selevelsin rats fed selenium-deficient diet

and Se pharmacokinetics after sodium selenite administration
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Koichiro Sera’?, and Shaji Futatsugawa®

*!Kitasato University School of Veterinary Medicine and Animal Sciences,
Higashi 23-35-1, Towada, Aomori 034-8628 Japan

*2Cyclotron Research Center, Iwate Medical University, 348-58 Tomegamori Takizawa 020-0173 Japan

*3NishinaMemorial Cyclotron Center, Japan Radioisotope Association,
348-58 Tomegamori Takizawa 020-0173 Japan

Abstract

Selenium (Se) concentration in biological samples from Widtar rats including plasma, urine, feces, brain, heart, lung,
liver, kidney, spleen, uterus, testes, epididymis, semina vesicle, and prostate were determined by using PIXE anayss. Rats
were divided into 3 groups depending on the diet supplied; i.e., control (commercial regular diet), SD2W (Se deficient diet for
2 weeks), and SD6W (Se deficient diet for 6 weeks). The samples before and after single oral sodium selenite administration
(dose ; equivalent to 2mg/kg bw of Se) were analyzed.

Se concentration in plasma and Se excretion in urine and feces decreased as the feeding term of Se deficient diet
prolonged. Liver, kidney (male) and seminal vesicle also showed this typical decreasing profile. Testes and epididymis had
the highest Se concentration among the organ investigated. However, other organs showed inter-individua differences, and
therefore effect of the diet on the whole organ was rather ambiguous.

In SD group, pharmacokinetic parameter of Se changed by the Se deficient diet. The absorption rate constant (Ka), the
highest concentration in the plasma (Cmax), and the area under concentration-time curve (AUC) of Seincreased. On the other
hand, the dimination rate constant (Kel) dightly decreased. The urinary Se excretion after Se administration appeared
unchanged in spite of increased plasma Se level and AUC. This may be caused by increased plasma protein binding or
increased rena tubular reabsorption. The significant decreasein feca Se excretion and increased Ka value indicated increased
intestinal Se absorption in SD group. Therefore, it is shown that in Se-deficient status induce the intestinal Se absorption and
retention in the body. Se concentration-time profiles in organs of SD groups after Se administration are now under
investigation.
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000000 AI-NTAODODOOOOOOUODO ALBrNaNiDOODO MgOODODOOOOODOOOOOOO

Tablel AI-NTAODOOOOODOOOOODDOO Owglgp OOOOO

Brain Kidney
Element  Control NTA AICl; AI-NTA Long-Al Element  Control NTA AlCl, AI-NTA  Long-Al
Al 75.8(8) 138(6) 119(6) 233(8) 24.1(4) Al 58.3(8)  139(6) 264(6) 312(8) 205(4)
Br 6.98(8) 6.19(6) 6.71(6) 19.6(8) 9.40(4) Br 14.6(8) 14.6(6) 12.8(6) 44.6(8) 38.5(4)
Ca 020(8) 4810(6) 1040(6) 482(8) 650(4) Ca 425(8)  625(6) 654(6) 1010(8) 1530(4)
Cu 10.2(8) 11.0(6) 18.6(6) 14.9(8) 11.5(4) Cu 44.1(8) 48.3(6) 87.9(6) 24.5(8) 19.4(4)
Fe 107(8)  110(6) 134(6) 628(8) 94.5(4) Fe 418(8)  246(6) 262(6) 208(8) 291(4)
*K 1.88(8) 1.69(6) 2.05(6) 1.93(8) 2.07(4) *K 1.44(8) 1.16(6) 1.46(6) 1.94(8) 1.59(4)
Na 3000(8) 3200(6) 4350(6) 3630(8) 4820(4) Na 2120(8) 3310(6) 3710(6) 9150(8) 5660(4)
Ni 2.32(3) 0.31(3) 10.8(5) 0.24(4) Ni 1.50(1) 0.61(3) 0.22(2) 10.8(5) 0.53(4)
Mg 503(8) 603(6) 695(6) 569(8) 1440(4) Mg 464(8) 567(6) 693(6) 1020(8) 886(4)
Mn 1.95(8) 2.46(6) 2.76(6) 2.06(7) 2.12(3) Mn 4.00(8) 3.89(6) 4.67(6) 2.13(8) 2.75(4)
*p 1.45(8) 1.69(6) 1.61(6) 1.63(8) 1.83(4) *p 1.13(8) 1.11(6) 1.37(6) 1.72(8) 1.34(4)
Rb 13.1(8) 10.5(6) 14.5(6) 13.4(8) 11.2(4) Rb 30.8(8) 21.0(6) 28.8(6) 20.8(8) 19.1(4)
S 5890(8) 5930(6) 7270(6) 7740(8) 8060(4) S 8180(8) 8650(6) 9990(6) 11000(8) 9550(4)
Se 0.82(8) 0.70(5) 1.55(6) 1.33(8) 0.15(4) Se 5.28(8) 5.59(6) 6.79(6) 3.23(8) 3.37(4)
Sr 1.17(4) 3.03(3) 1.81(3) 1.39(4) 1.61(3) Sr 0.72(5) 0.68(4) 0.82(3) 1.24(6) 1.95(4)
Zn 56.3(8) 57.3(6) 71.1(6) 63.7(8) 58.7(4) Zn 109(8) 91.0(6) 114(6)  96.4(8) 101(4)
Liver Femur
Element  Control NTA AICl; AI-NTA Long-Al Element  Control NTA AlCl, AI-NTA  Long-Al
Al 49.0(7) 86.8(6) 211(6) 219(8) 92.9(4) Al 387(8)  422(6) 406(6) 419(8) 101(4)
Br 7.19(8) 7.10(6) 11.1(6) 16.3(8) 4.37(4) Br 5.12(8) 5.04(6) 6.84(6) 16.0(7) 5.44(4)
Ca 242(8)  226(6) 474(6) 204(8) 469(4) *Ca 27.2(8) 23.6(6) 29.4(6) 23.9(8) 27.0(4)
Cu 18.2(8) 15.3(6) 16.3(6) 16.4(8) 1.68(4) Cu 1.55(7) 0.93(6) 13.0(6) 6.81(7) 3.32(4)
Fe 375(8) 367(6) 467(6) 1030(8) 756(4) Fe 49.9(8) 62.4(6) 61.6(6) 86.9(8) 60.3(4)
*K 1.36(8) 1.27(6) 1.70(6)  1.63(8) 1.24(4) K 2850(8) 3500(6) 3980(6) 3090(8) 3540(4)
Na 844(8) 862(6) 1700(6) 1670(8) 1190(4) Na 1560(8) 1780(6) 3040(6) 2010(8) 1740(4)
Ni 0.71(2) 0.65(4) 0.31(2) 7.67(5) 0.13(4) Ni 1.93(8) 3.72(5) 2.00(6) 11.9(6) 1.02(4)
Mg 491(8) 472(6) 1010(6) 949(8) 486(4) Mg 2360(8) 2460(6) 3960(6) 2860(8) 2900(4)
Mn 7.34(8) 6.42(6) 8.86(5) 4.48(8) 6.69(4) Mn 1.48(2) 0.46(2) 1.79(2) 2.52(3) 0.42(1)
*p 0.99(8) 0.92(6) 1.35(6) 1.41(8) 1.03(4) *p 10.6(8) 9.30(6) 13.8(6)  8.65(8) 6.98(4)
Rb 39.0(8) 30.2(6) 37.2(6) 28.7(8) 30.3(4) Rb 3.29(8) 2.34(6) 3.78(6) 3.85(7) 3.70(4)
S 7610(8) 7020(6) 9250(6) 8370(8) 6650(4) S 1270(7) 841(6) 1590(6) 659(8) 1390(4)
Se 2.49(8) 3.23(6) 2.83(6) 3.08(8) 3.19(4) Se 1.94(5) 1.30(4) 1.20(4) 0.58(6) 0.81(2)
Sr 0.66(8) 0.47(6) 0.34(4) 1.49(5) 0.10(4) Sr 163(8) 110(6) 124(6) 119(8) 129(4)
Zn 108(8)  103(6) 111(6)  92.9(8) 103(4) Zn 244(8)  198(6) 213(6) 213(8) 276(4)
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Elements Liver Kidney Brain Femur

Al (ppm) 175+ 0.8 184+ 14 185+ 39 108+ 17
Br(ppm) 245+ 11.0 752+ 7.7 303+ 29 165+ 1.2
Ca(ppm) 289+ 83 591+ 112 1250+ 2010 25.4+ 2.6*
Cl(ppm) 2850+ 247 6090+ 672 4110+ 301 1260+ 253
Co(ppb) 158+ 29 371+ 55 14+ 2 26+ 9
Cr(ppm) 095+ 0.17 1.04+ 0.05 1.10+ 0.19 0.82+ 0.58
Cs(ppb) 285+ 74 351+ 65 127+ 86 7.1+ 6.4
Cu(ppm) 20.1+ 42  80.3+ 181 3.0+ 4.1 2.6+ 05
Fe(ppm) 387+ 76 240+ 23 80+ 8 47+ 9

K (%) 132+ 0.07 133+ 0.07 172+ 0.11 0.28+ 0.05
La(ppm) 630+ 295  96.8+ 26.7 0.50+ 0.29 44.3+ 95
Mg(ppm) 908+ 127 978+ 207 855+ 110 5130+ 806
Mn(ppm) 8.67+ 1.58 4.58+ 0.43 2.06+ 0.22 0.62+ 0.27
Na(ppm) 1990+ 284 5450+ 594 4730+ 350 5920+ 250
Rb(ppm) 455+ 1.2 316+ 25 134+ 1.0 58+ 10
Se(ppm)  2.86+ 0.26 6.19+ 045 0.89+ 0.16 0.28+ 0.05
Zn(ppm) 115+ 10 111+ 5.3 56.5+ 3.5 181+ 13
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Effects of Metals on Trace Elements in Rat Organs
Y. Katoh, T. Daimon™, Y. Gotoh and K. Yamamoto
Tokyo Metropolitan University of Health Sciences
7-2-10, Higashi-ogu, Arakawa-Ku, Tokyo, 116-8551, Japan
"Department of Anatomy, School of Medicine, Teikyo University
2-11-1, Kaga, Itabashi-Ku, Tokyo, 174-8685, Japan
Abstract

Toxic effects of aluminum (Al) and lanthanum(LA) on the concentrations of various trace elements in rat

organs were studied by PIXE and INAA analyses.

After 5 intraperitoneal injections of Al-nitrilotriacetate (NTA), 5mg Al/kg body weight/a week, the

increase of the concentration of Al, Br, Na and Mg occurred in the kidney and liver as compared to the normal
intact controls and the rats treated with only aluminum chloride or NTA. Sever toxic effects on the kidney was
confirmed by electron microscopy and EDX. Macrophages with phagosomes of Al increased in number in the
interstitial matrix of the kidney. Significant increase of Al in bones was not detected by PIXE analysis, the
micro-CT image of the femur showed atypical osteopathy. An electron microscopic EDX analysis, however, was
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able to detect Al on the osteoid in the calcification front. Thus the administration of AI-NTA showed sever toxic
effects on the kidney and bones.

The intraperitoneal injections of La-NTA seems to be less toxic than AI-NTA. However, the sever
accumulation of Lain liver and kidney was determined by INAA analysis. Electron microscopy and EDX analysis
showed that lysosomes containing Laincreased in hepatocytes and the Kupffer cellsin the liver. Details of effects
of Laon the kidney and bones are under evaluation.
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Abstract

The interactions between the induction of radiation-induced apoptosis and the kinetics of the trace
dements were evduated in irradiated human leukemiacell (MOLT-4) IN VITRO.

The MOLT-4 cell received 5 or 10 Gy irradiation using ®Co gammarays. After 6, 9,and 12 hours
irradiation, the cells were evaluated for the detection of apoptosis and imaging of the trace elements
(Fe, Ca, Zn) was carried out. The frequency of apoptosis was cal culated as the number of apoptotic
bodies per 100 nuclei by assaying those with microscopic examination using TUNEL staining at
400X magnification. The trace element distribution in the cell was scanned by 2 MV micro proton
beam (1.5X 1.5 um) within 90X 90 um of square area, and induced characteristic X-ray were
converted into spectroimage using multichannel analyzer and spectroimager.

Six hrs after irradiation, at the early phase of apoptosis, the strong point accumulation of Fe was
observed in the cell stroma. From 9 to 12 hours after irradiation, from mid to end phase of apoptosis,
Fe accumulation was diminished; instead, Ca accumulation increased in the nucleus. As Ca
accumulates in the nucleus, the Zn accumulation in nucleus decreased.

There were two steps for the development of apoptosis. 1) the signaling to cell stromato nucleus
by Fe or an Fe-containing enzyme; and 2) the degeneration of the nucleus by Ca-dependent enzyme,
and release of Zn from digested nucleus. It is considered that: 1)

The strong point accumulation Fe is concerned with the Cytochrome C; and 2) the accumulation
of Cain nucleusisrelated to the Ca dependent endonucl ease and Dnase gamma. Those strong
accumulations may be new hallmarks for apoptosis.
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The contents of element in hot spring water and the levels of element in
human hair with PIXE analysis
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Abstract

The present study was designed to investigate the biological effect of toxic elements which are usually existent in our
environment. We examined the excessive intake and the accumulation of elements from the hot spring water in the
human body with PIXE analysis at NMCC. A significantly higher content of arsenic in hair was observed in the
examined group who lived in hot spring area than the control group. Moreover, there was a significant correlation
between the arsenic level in hair and that in hot spring water. Because the examined group had no habit of drinking hot
spring water, the cause of this result was not the internal accumulation of arsenic. Asit is known that arsenic easily to

binds to sulfhydryl (SH) groups in hair, it is suggested that the higher level of arsenic in hair is caused by the externa
contamination of arsenic in hot spring water.
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Arsenic concentrations of the studied samples
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Arsenic versus Manganese concentrations of the studied samples
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Abstract

The contamination of groundwater by arsenic (As) in Bangladesh poses alethal threat for millions of
people who are exposed to poisoning by this toxic element. In an attempt to evaluate the extent of As
poisoning, we collected hair samples of people living in Pabna district, Bangladesh and analyzed using
Particle Induced X-ray Emission (PIXE). The results indicate substantially higher levels of As than those
demarcated as toxic levels, in samples from members families both affected and non-affected by
poisoning. We correlate it with exceedingly high As concentration in drinking water far above the
permissible limit. We compare the results of As and other elemental analysis of 60 Bangladeshi hair
samples with the result of 250 Japanese samples. The results show markedly higher levels of As, Mn, and
Fe in the case of Bangladeshi as compared to the samples from Japan. On the other hand, selenium (Se)
concentrations show very low level in the Bangladesh samples compared to Japanese, displaying an
inverse relationship with As. The mechanism of arsenic in relation to other elements in the human body
needs further investigation. Our preliminary results call for detailed experimental and epidemiological

studies to further characterize these aspects.

Key words: Bangladesh, toxic arsenic, selenium, manganese, iron, PIXE, Japan.
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Wood sample preparation for PIXE analysis

Noriko Kagemor ", Shoji Futatsugawa "2, Kouichiro Sera "

*1 Wood Research Institute, Kyoto University
Gokasho Uji, Kyoto 611-0011, Japan

*2 Nishina Memorial Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

*3 Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

Using palladium-carbon as a powdered internal standard, we tested the PIXE analysis of carbonized
wood. Wood carbonization was made by two different procedures, one was the glasspyrolysis at 300 [0
in a N2 atmosphere and the other the wood powder wrapped with aluminum foil heated by gas burner.

Total amount of elemental concentrations of carbonized wood by PIXE was higher than that of wood
treated with nitric acid, but P, S and Cl concentrations of carbonized wood was not higher.

The results from different ways of wood carbonization suggested that the concentration of trace
elements in carbonized wood could change with the heating condition such as the degree of
temperature, the heating time or the presence of oxygen.
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Seasonal Changes of Spring Water at the Foot of Mt.lwate

Y.Saitou, K.Doi, S.Hatakeyama, S.Futatsugawa,
K.Sera**, T.Saitou*2 and N.Doi*?

Takizawa L aboratory, Japan Radioisotope Association
348-58 Tomagamori, Takizawa 020-0173, Iwate, Japan

*1 Cyclotron Research Center, Iwate Medical University
348-58 Tomagamori, Takizawa 020-0173, Iwate, Japan

*2 Faculty of Engineering, Iwate University
4-3-5 Ueda, Morioka 020-8551, Iwate, Japan

*3 Geothermal Engineering Co., Ltd.
72 Sasamori, Ukai, Takizawa 020-0172, Iwate, Japan

Abstract

Since November 1998 we have studied the relationship between Mt. Iwate's volcanic activities and
changes in the concentrations of the trace elements and radon in the water of springs at the foot of
the mountain. The water samples are collected fortnightly, and so far we have carried out their
analyses over 50 times using PIXE method for detecting the trace elements and L SC for measuring
the radon concentration. There seem no changes in the concentrations, neither of the trace
elements nor of the radon, which are supposed to be caused by the volcanic activities. But some
changes] seasonal transitions, probably[] have been observed in some of the spring waters.
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Deved opment of mini-sampler for monitoring an ar-pollution

S.Sugihara, K.Ishii, SMatsuyama, H.Yamazaki, Y.Yuki, H.Endo,
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Department of Quantum Science and Energy Engineering, Tohoku University
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"2Japan Radioisotope Association
348-58 Tomegamori Takizawa Iwate 020-0173 Japan

“SDepartment of Cyclotron Research Cener, Iwate Medical University
348-58 Tomegamori Takizawa Iwate 020-0173 Japan

Abstract

The dementd characteridics amospheric agrosols have many information on the ther generding process
Partideinduced X-ray emisson has come into extensve use for andyzing arborne patide matters due to the
multi-dementa nature and high sengtivity. It can be possible to point out the pollution source by sampling aerosols a
high time resolution in multisite and analyzing the time-variation of dementa concentration dong with meteorologicd
data. The purpose of this sudy is the development of the mini-sampler suitable for the multisite Smultaneous sampling
which becomes important in ar pollution monitoring. Though it is the mogt effective for the miniaturization of the
sampling equipment to decrease the diameter of the air intake point, the examination on the uniformity and the yield of
collected samples is required. Then, we used two Smple samplers equipments whose inhaaion cdiber can be easily
changed. Smultaneoudy, aerosols were callected for 3 hours on Nudepore filter of 1- um pores by two kinds of
samples of 2mm and 4mm cdibers. The digtribution of Caand Fe were examined by using a submilli-PIXE camera at
Tohoku Universty.
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The preparation of Si absorber for the P K-X linein PIXE Analysis

Ts.Amartaivan, K.Ishii, SMatsuyama, H.Y amazaki, S.Sugihara, H.Endo, A.Tanaka, T.Sato, Y .Komori,
H.Orihara”, S.Futatsugawa?, K .Sera®

Department of Quantum Science and Energy Engineering, Tohoku University
Sendai 980-8579, Japan

Y The Cyclotron Radioisotope Center, Tohoku University
Sendai 980-8578, Japan

2 Nishina Memorial Cyclotron Center, Japan Radioisotope Association
Takizawa, lwate, 020-0173, Japan

3 Department of Cyclotron Research Center, Iwate Medical University
Takizawa, lwate, 020-0173, Japan

It is known that the element Al, which is one of the most abundant elements in Earth’s crust, is
considered to be hazardous to biological tissues, for instance, the occurrence of the Al in the brain
tissue might be a reason of the Alzheimer decease. Al in normal biological tissue (brain, liver and so
on) is comparatively low compared to those of other biologica elements such as P, S and Fe. In
determination of Al in such samples by PIXE analysis, the low energy tailing of P K-X ray peak will be
the mgjor reason of degradation of the low detection limit of Al by PIXE . For the purpose of
improving the detection limit of Al in this case, Si absorber is applicable. The absorption edge of Si-K
line can reduce the intensity of P K-X line, consequently the intensity of low energy tailing of P K-X
line will be reduced.

In this study, by means of simulating theoretically the PIXE spectrum of samples containing Al
and P with different concentration ratio, a necessary thickness of Si absorber is estimated for detecting
lower Al concentration. And we investigated the applicability of the Si absorber made by a vacuum
evaporation method.
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High-sensitivity analysis of impurity elements

in semiconductors using PIXE

Masafumi Hirose?, Akira Nagano?, Shoji Futatsugawa® and Koichiro Sera®

YResearch & Development Center, Sumitomo Heavy Industries, Ltd.
63-30 Yuuhigaoka, Hiratsuka, Kanagawa 254-0806, Japan

2Cyclotron Application Technology, S.H.I. Examination & Inspection, Ltd.
1501 Imazaike, Toyo, Ehime 799-1393, Japan

9Takizawa Laboratory, Japan Radioisotope Association
348-1 Tomegamori, Takizawa, Iwate 020-0173, Japan

“Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

ABSTRACT

PIXE is a powerful tool that enables simultaneous high-sensitivity analysis of multiple elements.
PIXE has analyzed impurity elements in organisms at a high sensitivity, particularly in the fields of medicine and
biology, by utilizing its feature of detecting only those elements that are equal to or heavier than Na and thus
does not detect biological substances as base materials (C, O, N, etc.). However, if we attempt to utilize PIXE
to analyze impurity elements in semiconductor materials, it is difficult to achieve such high sensitivity because it
inevitably detects semiconductor elements as base materials (Si, Ga, Ge, etc.). In this study, we succeeded in
analyzing impurity elements in semiconductor materials at a high sensitivity by effectively ruling out the
semiconductor elements as base materials; the details are reported.
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Spectrum Analysis Taking Account of the Tail,
Escape Functions and Sub-lines
(SAPIX version 4)

K.SERA
Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate, 020-0173 Japan

S. FUTATSUGAWA
Nishina Memorial Cyclotron Center, Japan Radioisotope Association

348-58 Tomegamori, Takizawa, Iwate, 020-0173 Japan

ABSTRACT

A new x-ray-spectrum-analysis program, which is capable of fitting with response
functions including a tail function, an escape peak and sub-lines, has been developed. In
this code, the tail function is expressed by combination of two or three Gaussian functions.
A tail function, an escape and sub- or satellite-lines are regarded as functions belonging to
the main peak and are included in it. A small shift of peak position depending on
measuring conditions can be easily corrected in the program. As a result of fitting to
practical spectra with the response function thus prepared, it becomes possible to draw a
smooth background over a wide x-ray-energy range and to analyze a whole spectrum
simultaneously. Thus, accuracy and reproducibility of a spectrum analysis are much
improved. By means of this code, correct values of peak yield of Co-Ka, which overlaps
with the taill of Fe-Kp3 and is quite difficult to be accurately separated by fitting with
Gaussians, have been obtained. Furthermore, accuracy of peak separation of a small peak,
which overlaps with the escape peak belonging to a huge peak, has been improved.
Accuracy of quantitative analysis for high-Z elements by means of K3 yields has al'so been
improved by using the response function including sub-lines, and it became possible to
accurately separate small Ka lines from Kf3 lines of the other elements.

Keywords : PIXE, response function, tail function, escape peak, fitting, spectrum

- 216 -



ooooobobooboooboobbbobodoooad
gboboodaoboan

gooog

gbooboobooboooboooboo
020-01730 0000000000000 348-58

gooog

gogoboobbooooooboobbooooooboooog
020-01730 0000000000000 348-58

ERERE

gbooobooooooboobooobooobon
305-8567 000 000OO0O 1-1-3

ooooon

000000000000000000000000000 YW 000000000000000
gboboobooboooboooooooooooooooooooooooooooooooooon
0000000000000000000000000 **4000000000000000000
gboboboooooooooboboooboboboboboboboboboboboboboooobo
obooboooooboooooobooooooooobooboobooboooLobobobobobobDbObooo
gbooboooobooooboobooboobobobobobobobbobobooobobOobDoDOoo
gbooobooooboobobobooboboooobooboobOobobobobbObboobbOboLoo
OO0 i1omgO0OC0O0O000000DODOOOO0mMOCO0000 IemOOO0OoOoOoOoOoOOOO
obooboooooobobogooooooboooooobobooobobobobDobobobDOon

gbooooooooooooooooooooooooooooooooooooobooboonDog
gbooboobooboobooboboooooobooooooooboooobooooboooLobDLobooo
00000000000 WMDO0000000000000000000000000000000
obooobooooooooobooooooooobooboobobobboooobLooLobDLOoLo
0000000000000000000000000000000 *0000000000000

- 217 -



goboooooboooobooboobooboobobobobobobobobbobobOLobDObDOO
gbooooooooooooobooooooooooooobobooboooobOooLobDLOboOoo
gbobooobooboooooooooooooooooobooooboobooboboboooboooo
OO0OooO0bOO0DbOO00bOO00DOO0DbOoU0DO00Ca0bO0OODOUOODOOOOODOOODOODO
gbobooobooboooobooooooooobooooouoooooooooooooooooooon
oboobooboobooobo
gboooooooooooooooooooooooooooooooooooooooooog
gbooooooobooboboboobobobobobobobobobobObboLobDLbOLO
gbobooobooboooobooboobooboboooooobooobooboboobobboboobobDoo

100000

«D>

10000

1000

‘ Oﬂi”

e
I
© oo«‘.-xm
if
ARSEDIINE ) MOWOO
oo o
; |
DA 2500 0O
O G0

100

o.okx
Q‘h
4 ‘WOO

ol ¥ e chiy
o © R4 ° 2 8
° |
1 1 8 | It N XY ,7‘,,' 1 3
g ¥
o !
Wl 3 .
°
s °
00l 4 600 & o6 o 88 o 8 o
0.001
N - - i N s
.28 6% sgF 52082 g85g “<EE

— [+] o
g3 8 5

01.00000000000000D00000025000000000000

gboooboooobooooboobooboooboboboboboboboboboobobobDOoDOO
gboooboooobooboboooobooooobooboobboboobobobbOLoboLobDbLboLo
gbobobooooboooobooboboobobobobobooboobobobobobobobobobo
oboooooooooooooooboooobooooboooobooooboooooooo

200000000000

00000000000000000000 ¥™Oo0o00o00000000 Xo0oooooooo
oooo Xbooooooooooooooooooooooooboooooobooooooo
ubbooobooboboobboobooboobbooboobboobooboboooooooboo
ocooooooboooooobooboboooooobbooboooD400mgoobboobooooD
OO000O00DbOo0o0oDbOoOO0OooO0ooDooboocOemmIDODOOOOO 20MmgOOO0OD0OOODO

-218 -



cooooobooboooooboooboboooooooboboobooosbboobboobboOobooboOoD
goo0oOooooo0ooOoUoboOoboOo0o0oDOoOobDOoOo sO0U0oboboOobOoOobboOobooooD
vboboooooooobooboobbobobobobobooboooobooooooooooooon
gbobooboobooooooooooooobooooooooooooboooooooo
010000 200000000000000000O0DOOCOO0O0OO010DODO0CODO0O0O0OO
000000000000000000000000 1004300000000000000 %0

100000 ——Na

b— A R —m— Al
A A

——S
—o—Cl

;
;

10000

‘o) —0—Ca
——Mn
—O—Fe
100 —&—Cu
—0—2Zn

—O—Br
o Ew
= F ——Sr

—0—Hg
1 —&—Pb

1 2 3 4 5 6 7 8
Integrated beam current in 10 pC

(@]

Q@
Y}

Concentration in ppm
&
4

02a 00O0O0O0O0DOUOOOOOOOUOOOOODOUOOOOOO

100000 —e—Na

O O O —0 O0——— 00— 0— 0 9
O O—0u A

10000 oO—Gi

—e—Cl
—+—K
—A&—_Ca
—O0—Ti
O F@
—@&—Cu
—&—7n
—o—As
—&—Hg

1000

100

Concentration in ppm

10

oo

1 2 3 4 5 6 7

Integrated beam current in 10 uC
O2-b. 02-a0 000000000000 DOOOO0OOOOOO0

-219-



ooooooboobooobb 4400000000000 0O0O0ODOODOODOOOOOOD
bboobooboooboooboobooobooobboooboobooobooboooboooboobooboaonoon

3_O0O000

OO0OooO0oDOo0oDoOOoO0oooobo NMCChOoooooooboouobbouoboobooooooo
Oo0ooooooo2oMevOOOooooOO6emme OOO0OOO0O0O0OODODOCODOOOOOOODO
O000000oooOmoooo XgooswoumOOOOOOoOOoOoOoooooooooOg sS(Looo
NoOOOOOOOOOKOUOOODODODODOOOOOOOOODODOO Ne2000000O0O0DOO Imm
e0O000O0O0DOOOOOONAOCaODOOOOOOODOODOOOODOUODOODODOOODDOO
O00o0000oooooDO 100000 s0wooooooooooooooooooooooOooo
oo

44000

gooooooboOooo0o0oooobDoOoobo0o0obDOoOobOoObOOoUU0DO Wpcoooooo
gboboooobooooboooboobooooboooooboboboboboooooooooooo
O0000000O0opooOoOoOo0U0UoUoooDoooOoOU0UUOUUOoDD 2ab0 2b000O0O00O0OCODO
vpboboooooobooooobooboobooobobobooobooooboboobooobooboobooDoo
gbooooboobooboobooboobooboboboboboobOobobboooobOoobDLoOoLo
o0ooo0o0ooooooooOoOoOooooooOoOoobOOoOooooooD dpcODObObOOOOn

100,000.00
—0—S
——Cl
10,000.00
O o o —-—K
£ & — B o /:
g
= 1,000.00 —+-Ca
c
(@]
2 ——Fe
g 10000 —o—Cu
5 ~
et
1000 |—g— Br
1.00
1 2 3 4 5 6 7 8 9
Sample

g300oooboobooboboboobooobooboobobOobNolDODOODOODbOOOOOOODO2030
gboboooooboicgz2oobooboobobobo4ab0boboz20b0obooooooosooooon
gbobooooz00ob0obOob0obobooboooooboobobobooboeoboobOobOonbo
gooooooon

- 220 -



vboboooooooooooooooooooooooooooooobooooooooooooon
O00000000DoOooOoO0OoONadAIDOP OODOOOOOO0OODODODOOOOOODOOO
gboooobooboooboobooboooboooobobobobobobobobobOoboboooo
000 HgO AsO00OO0OO0OOO0O0OOOO0oOOOobOOO00oDoOobOOo0oooobbogoooooo
gbobooooooooooooooooooooooooooooooooooooooon
0300000oopooooo0ogooooobooogooooooboooogoooooDooboooo
goboooboobbooooboooobbooooobooobobooooboooboooobooooboobooo
gobooobooobobobooboooobobooooooboboooooooboobobooobDoobboOobo
00000000 NelOOODODOOOOOOOOOD20300000000000 100002000
O00000ooo400000go o0b0bobOos0000DbDDO00C0000 2000000 DD

100000

—45—S

—o—Cl
10000

——K
—O0—_Ca

1000 —4A—Mn

@ Fe

——Cu
100

Concentration in ppm

—&—7Zn
—&O—Br
—h— S
—<O—Hg
——Pb

10 F

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Distance from theroot in cm

g400000000000DOO0OOOOOOOODODODODOOOODODODODObOOO
gboboboooooboboboboooooooDobobOoooobOoDobO0bD4em OO

O000O0o00O0O0o0ooO0o0oooOoooOoboeb90 40000000DDOOOOOOODOOOODOO
O0O0cdoKOBrOOOOO 300000000000 DOOU0O0OOO00OoOoUoooOoooooDo
Oo00oooO0oo0ooooooobooOoobo0oooOoboO0obOoO0ooOOoUoDObOOoooOboOoOooO 3000
goboooooobooobooooooobooboboooobooboobDbOooboobOoOoo
00000000 No2030000000000 FROODDOCOOOOOOOODODOOOOOODOO
gbooooooboobooooboobobooboooooobooobooobobbOobboo
gboooboooboooboooboooo

0 400000000000DOOO0OCO0O0ODOOOOO0ODOODOOODOOODOODOOO
gbobooooooooboooooooooooooooooooooooooooooooooon
OM4cmI0O0O00D0OOCOOO0ODOOOOOODOOOOODOODOO10000 IemOOOOD
001WRBOOOO0O0O00O0DODOOOOO0O00O00ODODOOOIemMOOO0O0ODODO 100000 4ecm0O
M4000000000000000DOCOO00000OODDOOOOSIKOdDzZnoCuOOOOO

-221 -



100000

e — A —/ A A —9—Na
——Al
—&—S

—o—Cl
—O0—K

—{1—Ca
A —&—Mn

- A —a A—Fe
10 2 — Cu

10000 [

=

(@]

(=]

o
T

100 r

—0—17Zn
——As
—4—Br
Hg
—O0—Pb

Concentration in ppm

0.01

1 2 3 4 5
Position in the body

gs.000oboooOoobooobo0oooooooooOoooywooobooooooooooOooD
gooo

=

0

[EnY

Ratio of concentration (White/Black)

o
[

1 2 3 4 5 6 7
Sample Number

0e6.00500000000000D1I0002000300040000000000000D00O00DO

0000000000000 000000000000000000O0O0000 HEOMNO PO O
uboobooboobooboobbooboobbobbooboobbooboobobooooooobooo
gbobooooboooooooooooooooooobooooboooobobobobobobo
ugboboooboboooobooobbooobobooboboooboboooobobooboobooooon
gboobooooboobooboobooboboobobobobobobobobobob
0500000000000 7000000DOO0O0O00DODODOOO0ODOOODDODOODOO

-222 -



ooboooobooboooobooboOoMNorOboooboobbOOOoDOOODLDbOOOOOOD
00000 zZznOCal 200000 CaOODODOOOOOODDOODOOODOODOOOOOOD
goboobooooboooobooboobooobobobobobobobobobobbobobooooo
gbooboobooboboobbooboobboboboobobooobooboobobooooooobooo
gboboooboobooboboobobob

Oe00000D00OO0O0OO0O0ODOOOSOOODOOOOUODODOOUODODOOOOODOD
ocoooooobouooooobooboooobbooooooooObD IembboobOoDOoOoDo
ubobooobooboboobbooboobbooboobobooobooboboooboobooboo
gbooooooboooobobooboobooboboboboboboboboobobobLobDOO
ubobooobooboobooboobobooboobbooboobboobooboboooooooboo
oood

sO0O0O

gboobooboooboboobooboobboobooboobobooboobooon
ooboooooobooboooboobbooobobooboobooooboobobooboOoDbboOoo
gboobooboooobooboooboobooobooobobooboobooooooDbooDbOon
ooooobooobooboooboobobooboooooobooboooDbobooUDbOoo
gboooboooobooboooboobooboooboobooboooboobbooboobooon
000000000 200000000 KOCIOBroOoooOoooooooooooooooo
gboobooboooboobobooobooboooboobooobooboobbooboooboboobon
ooooodooobob0oDo0obOO0DOO0b0bO0bO0obO0bO0bO0obO0obOo oD spoooooo
Oo0oooO0ooo0ooo0oooO0ooOo00bD 3op0ooooooOooooOooboOoooOooon
oooooooobooboooobooobooboooboooobobobooboobDoobDbOoo
gbooobooooboobbooobbooobooboboooobooboobbooboobooon
gooobooobooboboooboobboooboobooboOoboobDbooboobboOoo
gboobooobogooboobooboooboobooobooboobooboooboboon
goooobooobooooboon
gbooooooooooooooooooooooooooooooooooooobooboonDog
gbooboobooooboobobobooboboooobooboobOobobobbObobbOoLobDLboLo
gbobobgoooooobooboooboobobooboboobobooooboboooobobobon
gboobooboobooboobobooooooooooooooboooobooooboooobDLobooo
ocoooooobooo40000bbO0DO00ODOObOO0U0ODOODOOUODOODOODOOD
oboooooooooboobooboboboboboboboboboboboboboboLO
ooooo0o PXEODODODOOOOODOOOOOOOOODOODLOOOODODOODOOOOOOOD
obooobooooboobobobobobboooooooboooobOooobOLooLobDbLbooo
oood
gobooboooooobooooboooooooooooooobooboooooooooooonog
gbobooboooooboobooobooboooobooooobooobobobobobobobobobon
oooo0oboO0oo0o0oDbDoOobOo00oOOo0oDbDoO0OoOo0oDoOOobObOOoUooebbOObDOOD
gboobgooooboobooboooobooboboobobooboboooobobooboooboboboon
oboboobooooooooobooooooooobooboobOobobobobbobboLobDLOboOoo
goooooobooooooooboobooboobooboboboboboboboboboob
gbobobobobobobobogoboooooooooooooooooooooboobooon

- 223 -



gbooobooooboooobobobooboboboboboboobbobobobobbooboobobDoo
000000000000000 ®0000000000000000000 %0000 Yoo
00000000000000000000 Y0oooooOooOoooOooooooooooooa
OO0O0OO0OO0OONMCCO PXEOOOUODOOOOOODOODOOOODOUODOOOOOODOD
gbobooobooboooobobooboobobboooouooooooobooooboooobooooo
oboobooboobooboobobobobobob

e0O0D00O0O

dddodooooooooooooooooooooooooooooobooooboboon
gboobgoooobooboboooboobobooboooboboooobobooooboboboon
bbb ooobooooooobbooobboooboobooobobooobobooooboog
oobAO00ODOOO0OOOOO0ODOOO0ODODOOOoOO0OOO0DOO0ODODOoOO0DObOOoDbOODOO
uboboooboboooboobooobooboooboboooboooobobooobobooooboobarmg
gbobooboooooooooooooooooooobobobooobooobobooboooDOoo
uobomoogoooboooboboooboooobbooobobooobooobboooobooDo
gbobgooobobmooboooboobobooboboboobobooboboobobooboon
gloo0ooooooooobooobodooooobobo0oo0obDooobo0oooDooobogno 200
ocobooomooobobooboooobooobobiccooboobbooooboobbooooooD
0000000000 OoooDo0b0obDo0oOo00oDoOoObOOoOoobOoO PXEOODOOD
gbobooboobboboboobobobobobobboooboboboooobooobooobo
ubobooboobboobooboobooobooonon

oo

000000000000 0DOOO0bOO00DOOo0DOO00OO0OODObOObOO0OUODOD NMCC O
gbooboooobooboobobgobobobobobobobobOobobOobOobbbooooboon
0000000000000 00000ooooooOCBenoff 000000000 ODODOOCOO
OoouNDOOOOoDboooobooooooobbooooooboobooouobooboboooo

ooon

1. Quantitative Analysis of Untreated Bio-samples.
K.Serg, S.Futatsugawa and K.Matsuda
Nuclear Instruments and Methodsin PhysicsResearch B 150 1999 (226-233)
2. Preliminary PIXE measurement of human hairs from small-scale mining sites of the Philippines.
K.Sera, S.Futatsugawa, S.Murao, K.Tanno, E.B.Daisa, V.B.Maglambayan and H.Cabria
Proceedings on The 12th Annual Geologica Convention “Geology Challenges in the 21% Century”,
December 1999, (Manild)
3. PIXE measurement of human hairs from a small-scale mining site of the Philippines.
S. Murao, E. Daisa, K. Sera, V. B. Maglambayan and S. Futasugawa 2. E.Clayton
Submitted to Nuclear Instruments and Methods in Physics Research B

- 224 -



4, 00000000000000 00000000000 PXEOODOOO
0oooo
000000 080 0O0'0000000000DO000” 20000 OO (49)

5. Standard-free Method of Quantitative Analysisfor Bio-samples.

K.Serg, S.Futatsugawa, K.Matsudaand Y.Miura
Int'l Journal of PIXE Vol. 6-34 1996 (467-481)

6. 000

000000000000-070000000
(Cooooooooooo), 19790 146-1620
7. Bio-PIXE at the Takizawa Facility. (Bio-PI XE with a Baby Cyclotron.)
K.Serg T. Yanagisawa, H.Tsunoda, S.Futatsugawa, S.Hatakeyama, Y .Saitoh, S.Suzuki and H.Orihara.
International Journa of PIXE Vol.2, No.3 (1992) 325-330
8. PIXE Analysis of Mineral Water (Effect of Sample Preservation)
S.Futatsugawa, S.Hatakeyama, Y.Saitou and K.Sera
Int'l Journa of PIXE Vol.4-2,3 1994 (107-116)
9. Quantitative Analysis of Powdered Samples Composed of High-Z Elements.
K.Seraand S.Futatsugawa
Int'l Journad of PIXE Vol.8-23 1998 (185-202)

10. Application of a Powdered-Internal-Standard Method Combined with Correction for Self- Absorption of
X-raysto Geological, Environmenta and Biological Samples.

K.Sera, S.Futatsugawa and D.Ishiyama
Int'l Journal of PIXE Vol.9-1,2 1999 (63-81)

11. PXEODOODOOODOOODOODOOODOOO0OO
0000000000000000000000000000000000000000000000
ooooo

NMCCOOODDDOOODD OO0 1998 (184-190)

12. Method of  Quantitative Analysis Making Use of Bromine in a Nuclepore Filter.
K.Sera, S.Futatsugawaand K.Saitoh
International Journal of PIXE Vol. 71,2 (1997) 71-85

- 225 -



Quantitative Analysis of Untreated Hair Samplesfor Monitoring
Heavy Metal Contamination

K. Sera
Cyclotron Research Center, Iwate M ed. University,
Tomegamori, Takizawa, 020-0173, Japan

S. Futatsugawa
Nishina Memorial Cyclotron Center, Japan Radioisotope Association,
Tomegamori, Takizawa, 020-0173, Japan

S. Murao
Geological Survey of Japan, National I nstitute of Advanced Industrial Science and
Technology, Tsukuba Central 7, 1-1-1 Higashi, Tsukuba, 305-8567, Japan

Abstract

The method of quantitative analysis for untreated hair samples, which we developed
three years ago, has been proved to be quite useful for investigating environments contaminated
by certain toxic elements. In the present work, the experimental conditions are improved.
Loss of certain elements owing to irradiation damage, which has remained as one of the
experimental uncertainties, was examined. It was found that the concentration of sulphur
decreases gradually throughout the irradiation, while for the other elements, including arsenic and
mercury, no changes occur under our measuring conditions. Furthermore, the degree of
alteration of elemental concentration depending on the position along the hair was investigated.
As aresult, concentrations of some elements at different positions on a 14 cm-length hair, which
was taken from a small-scale miner in the Philippines, showed some dependence on the distance
from the root reflecting her history as a miner, while mercury does not show such dependence
although the concentration fluctuates slightly. It was also found that concentration of mercury
in hairs, taken from different parts of a body, does not show large difference. These results
demonstrate that mercury and arsenic concentration in hairs, obtained by the present method,
becomes a good index for an estimation of human exposure to these toxic elements.  Changes of
concentration of some elements depending on the manner of cleaning before irradiation are
studied in detail and the optimum way of washing is established.
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Radiation Protection in Veterinary Nuclear Medicine
~An Estimation of External Radiation Exposurefor a Veterinarian, an Animal Owner, and General Public ~

Noriko Nabeshima ™, Yuji Nagai %, Masahiro Natsuhori %, Nobuhiko Ito *, Tatsuya Ishikawa *
Toru Ikegami ', Hideyuki Takahashi*, Satoru Hatakeyama *, and Shoji Futatsugawa *

*1K itasato University School of Veterinary Medicine and Animal Sciences,
Higashi 23-35-1, Towada, Aomori 034-8628 Japan

9 Asahi Techno Glass Corporation, , Ikuta 1-50-1, Funabashi, Chiba 273-0044 Japan

*UNishinaMemoria Cyclotron Center, Japan Radioisotope Association,
Tomegamori 348-58, Takizawa, Iwate 020-0173 Japan

Abstract

This study was performed in order to establish a safety guideline for the use of radioisotopesin Japanese veterinary
nuclear medicine. Well often used radionuclides including F-18 and Tc-99m were applied to evaluate externa
radiation exposures for a veterinarian, an owner of the animal, and genera public. The externd radiation exposures
from a radiation source (phamtom) with different volumes and different situations were considered and evaluated by
comparing the results between actua measurement and computer simulation. The simulation was calculated by using
the macro program with visua basic language. When a length from the surface of radiation source was closer than a
certain distance, the smaller the phantom size showed the higher the dosage rate. Though it was only an example
under the limited but practical condition, the results were below the dosage limit of established radiation exposure (50
mSv/yr or 100 mSv/5 yrs for occupational personnel and 1 mSv/yr for the genera public), which has been revised
recently in Japan. Therefore as far as this experimental design or the supposed situation was kept in the real situation,
a veterinarian, an owner of the animal, and genera public would receive below the exposure limit. The authors
consder this would cause no significant issue concerning radiation safety by starting veterinary nuclear medicine in
Japan. However, pharmacokinetic study will show more practical condition concerning the fate of the radionuclides
out of the body. This may elucidate the more redlistic and lower radiation exposure from the animal administered
radiopharmaceutical and help establishing the safety guideline for the veterinary nuclear medicine in Japan.
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8 EDG-uptake in a rabbit VX2 tongue cancer with lymph
node metastasis.

Mitsuru Izumisawa, Masanori Shozushima, Hitoshi Moriguchi,
Kimio Sakamaki

Department of Dental Radiology, School of Dentistry
Iwate Medical University
1-3-27 Chuo-dori, Morioka, Iwate-ken 020-8505 Japan

Abstract

PET imaging of malignant tumors with 2- [fluorine-18]-glucose-2-deoxy-D-glicose (FDG) as a
tracer is a noninvarsive diagnostic and prognostic tool that measures tumor metabolism. In this
study, we evaluated the FDG uptake value in metastatic lymph node and non metastatic lymph node
of rabbit VX2 tongue cancer model. Rabbit were killed on the 14" and 21% days after
transplantation of a VX2 cancer cell suspension into the left lateral border of the tongue. After
intravenous injection of FDG, FDG uptake was counted in the primary tumor and cervical lymph
node. We measured the size and weight of lymph node and calculated FDG uptake with gummer
counter. FDG uptake in non metastatic lymph node were 276.0+ 21.5DPM, metastatic lymph node
were 685.2+ 26.3DPM, and FDG uptake in primary tumor were 781.5+ 12.5DPM. Compared
metastatic lymph node with non metastatic lymph node, FDG uptake in metastatic lymph node had
high average. But, increase in size of lymph node in proportion to increase in value of FDG uptake.

It was expected to that FDG uptake dependent on amount of cancer cell.
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Cell cycle phase-dependent uptake of FDG and "'C-Choline in HeLa cells

M.Shozushima, H.Moriguchi, R.Tsutsumi**,
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Department of Dental Radiology, School of Dentistry, Iwate Medical University
*!Department of Bacteriology, School of Medicine,lwate Medical University
*2Cycrotron Research Center, Iwate Medical University
19-1 Uchimaru, Morioka, 020-8505

Abstract

The positron emitting radiopharmaceutical **F-2-fluoro-2-deoxy-D-glucose (FDG) seems to be useful for
tumor imaging and oncologic research. Neoplastic tissue is characterized by an increased uptake of glucose, reflecting
an increase in the requirements of energy for cell build-up. We have shown that in oral cancer FDG accumulation is
related to tumor cell number in cancer tissue. Moreover, the authors considered the accumulation rate of FDG reflect the
cell cycle phase too. Recently, [methyl-**C] Choline (**C-Choling) was introduced as another tumor tracer and
successfully visualized malignant tumor. The purpose was to investigate the dependency of FDG and *C-Choline
accumulation on cell cycle phase in HeLa cells. Synchronization of Hel a cells was accomplished by growth for 24 hin
medium containing 2 mM thymidine, followed by growth for 11 h in the absence of thymidine and then an additional 14
h with thymidine. Flow cytometry was used to determine the relative DNA contents. FDG incorporation was higher in
middle S phase than G2/M, G1 phase of HelLa cells. However, cellsin G2/M phase were found to be maximally uptake
of *C-Choline. The results suggest that the uptake of FDG and *'C-Choline are cell cycle dependent, are associated with

the proliferative activity of the tumor.
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Abstract

The quest for increased sengitivity in positron emission tomography (PET) has led to interest of acquisition of dl
passible coincidence lines in a gantry. 1t has become feasible with the advent of commercial scanners equipped with retractable
septa. This technique sgnificantly improves the sengtivity over conventional dice-orientated methods (2-D PET), but thetime for
image recongtruction is much longer. This drawback must be solved in actud clinical gpplication based on dynamic imaging or
whole body imaging. The necessary time for 3-D image reconstruction can be sgnificantly reduced with the use of the super
computer. However, it cannot be dways available from the Sde of cost.  Therefore, we need some methods to speed up the 3-D
recongtruction without using the super computer. Recently, a rebinning algorithm has been proposed as a promising approach for
overcoming time-consuming recongtruction of imagesin 3-D PET.

Thisreport isespecidly focused on the Fourier rebinning (FORE) agorithm. Itiswell known that images become very
noisy in the edge region of axid direction because of lack of the rebinned data. We aimed at developing an adgorithm which
utilizes maximally images reconstructed with the FORE agorithm. A developed new agorithm should suppress noises in the edge
dices and maintain the quantification of small spots.

First, images recongtructed with the FORE agorithm were processed by a three-dimensional median filter in order to
uppress noise. The median filter has two operation modes: New Median ver.1 and New Median ver.2. Thefirst one usesa3+*3*3
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matrix of filter 9ze (27 voxd). The second one is a three-dimensiona cross joint filter (7 voxd). Second, the new agorithm is set
up with the criterion to subtract the filtered image from the non filtered image in order to avoid removing smdl hot spots.

Filter processing time for 63 dices was less than Iminute. Also, these agorithms were successful to increase the
utilized dices from 60% of al dicesto 74%(New Median ver.2) and 95%(New Median ver.1). Thus, the New Median ver.1excels
the New Median ver.2 from the viewpoint of suppressing noise of recongtructed images. When these filter processes were applied
to clinical data, the New Median ver.2 kept the quantification which was equivaent to the 3D-FBP method, but the New Median
ver.1 dightly removed a hot spot of size smaller than 6mm. However, the loss of quantification is not so fatal.

It is necessary to improve both agorithms from the viewpoint of noise reduction and keeping quantification by the
evaluation of the correspondence with various images recongtructed by 3D-FBP.
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Utilization of the PET spatial resolution phantom with the 9-lineradioactivity
Toshiaki Sasaki

Cyclotron Research center lwate Medical University

348-58 Tomegamori, Takizawa,lwate 020-0173

Abstract

Generally PET (positron emission CT) phantom experiment takes much time (approximately 1 month). There
are 8 pointsto seein a PET instrument performance test,such as spatial resolution, sensitivity, partial volume
effect,etc. Our purposeisto reduce the time for the test to finish it in 1or 2days. Thistime, we focused on
the spatial resolution.  To valueit, we tried two methods ;one is with the conventional 1-source phantom

and the other with the 9-source phantom which we made tentatively, and compare the F?WHM O full width half
maximum(] and the measurement time.

Theresult was asfollows.  Asfor FWHM, there seemed no significant difference between the two methods.

Measurement time with the 9-source phantom was one fourth of the time with the 1-source phantom.

- 258 -



(— A DIFIRR)

(OZHRIR)

(FEE AR @)

max

min mean

1.25

0.80 0.99

TIElRR R

iy u4 14 4 db

ug8 18 r8 d8

(IEEES

gy u4 14 rd

d4 u8

18 r8 d8

DIRECT

CROSS

R
&
HiR
&

7.75 7.95 7.85 7.43 6.10
8.18 8.20 8.05 8.20 8.25
8.37 8.13 7.73 8.07 8.00
7.87 8.20 8.47 8.27 8.07

8.45 8.05 8.00 8.25
8.25 11.18 9.05 8.40
8.33 8.00 8.13 8.67
8.47 10.17 8.73 9.20

DIRECT

CROSS

8.23 8.08 7.83 7.98
8.33 8.53 8.13 8.20
8.07 8.13 8.10 8.27
8.50 8.53 8.20 8.27

R
&
HiR
&

7.60 8.55
8.58 8.33
7.93 8.97
8.53 8.30

7.93 8.55
8.95 8.25
7.93 8.47
9.37 8.13

8.25
8.48
8.20
8.93

2[OlfG 55

iy ud 14 4 db

u8 18 r8 d8

2[E9A

iy ud 14 4

d4 u8

18 r8 d8

DIRECT

CROSS

PR
F&
R
&

7.88
8.03
8.30
8.10

8.10 8.05 7.80 0.00
8.05 7.90 8.33 0.00
8.50 8.33 7.93 0.00
7.93 8.07 8.50 0.00

7.80
7.85
8.00
8.13

8.00 7.80 8.40
8.43 8.20 8.05
7.93 7.83 8.47
8.17 8.73 8.07

DIRECT

CROSS

8.23 8.08 7.83 7.98
8.33 8.53 8.13 8.20
8.07 8.13 8.10 8.27
8.50 8.53 8.20 8.27

PR
F&E
B
&

7.60 8.55
8.58 8.33
7.93 8.97
8.53 8.30

7.93 855 8.25
8.95 8.25 8.48
7.93 8.47 8.20
937 8.13 8.93

RJEFEEE R

fi>ud 4 4 d4b

u8 18 r8 d8

EJEIES

diyud 14 4

d4 u8

18 r8 d8

DIRECT

CROSS

PR
F&E
R
FE

7.98 8.03 8.15 8.13 8.05
8.00 8.10 8.08 8.03 8.45
8.03 8.10 8.07 8.17 8.07
8.07 8.13 8.13 8.13 8.07

8.28
8.18
8.93
8.27

8.05 8.10 8.60
8.40 8.55 9.03
8.03 8.43 8.90
8.80 8.63 8.83

DIRECT

CROSS

7.90 8.13 7.90 7.98
8.05 8.20 7.53 8.25
7.67 7.90 8.17 8.10
8.37 8.13 8.30 8.17

IR
F&E
HR
FE

8.58 8.45
8.13 8.13
8.47 8.60
8.23 8.20

8.33 7.98
8.40 8.10
8.57 8.07
7.53 8.13

8.80
9.10
8.60
8.00

(K1)

- 259 -




gouoooooggoooooonooggoddddy

100 200 0 30 0 0 0
0o 83 79 89 83.7
ougonog 22 22 21 21.7
@ 1)
100 89
90 —83 79
80 |
70 |
£ 60 —
£ 50 |
40
30 { f22 22 21
20 | -
10 —
0
1 2 3
o 09
@2

- 260 -




4cm

40000 40000
35000 ¢—SLICEL 35000 —e—SLICEL
30000 ——SLICE2 30000 —m—SLICE2
_ 25000 SLICES 25000 SLICE3
c
15000 —¥—SLICES5 8 15000 —%—SLICES
10000 —@—SLICE6 10000 —@—SLICES
5000 +—SLICE? 5000
—+—SLICE?
0 0
-5000
4cm
45000
40000 40000
35000 —&—SLICE1 35000 —@—SLICE1
30000 ——SLICE2 30000 —@—SLICE2
_ 25000 SLICE3 . 25000 SLICE3
e =
§ 20000 SLICE4 § 20000 SLICE4
15000 —¥¢—SLICE5 15000 —%—SLICES
10000 —@—SLICEG 10000 —@—SLICES
5000 5000
—+—SLICE?
0 0 —+—SLICE7
-5000
@ 3

- 261 -




(Fig.9)
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Fig.2 Flow chart for the production of [*'C]choline
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Table1l Radioactivity distribution in the synthesis of [*'C]choline

% of activity at EOS

C18+Accell CM Accell CM
[*C]choline solution 84 88
Sep-Pak C18 5.9 -
Sep-Pak Accell CM 0.2 0.4
Waste solution 0.4 1.1
Charcoal trap 9.2 9.3
Sterile filter 0.6 1.2

EOS : End of synthesis
Irradiation time 10 min with a beam intensity of 40 pA.
Each value is the mean of 3 experiments.

Fig.4 Radioactivity of the Sep-Pak Accell CM cartridge
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Fig. 5 Radioactivity chromatographe of [*'C]choline

Column: Nova-Pak Cig (3.9mmx150mm),
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Mobil phase: 5mM PICB-8 / CH3;CN (9 /1)

Flow rate: 1 ml/ min

Retention time: 4.7 min

Relative radioactivity

T T T
0 4 8 12 16

Retention time (min)

- 269 -



goboo0obbooobobOoooboboobobooobboooDbooobDboooboboon
0% oodoooobooobogooobobooboooboboboboobooboooboDboo
000000000000000000000000000 [MCJ0o0o0oo0ooosoOn
O2m/mn0000000000DO0O0O0OOOOO0OOODOO0OO0OOODOOOOODOOn
gbooobooboboobooboooboobobbobooboobobooboobon
O0o0O0bOooooooo 2om/mnOO0O0OO00OO0OO0OO0OO0OOODOOOOODOODOOOOODOO
oogno
gobooboobooboboobooboo™@oooboooobooboobonoo
0000000000100 (887mg, 9% umo) 00000000 0O0OOOOOOOOOODOOO
gooobooboboobooboboboob oo ooboobobobobooobDOoon
20-200p 000000COCOO0OOOCOO0OOO0ODOOOODOOOODOOOODOOODOO
oO0ooOooOobo o obOonOOoO
Sep-Pk00000000O0O0O0O0DODOOOODOOOO®MMO0O000D00O000O0OOO
gboobooboboobooboobboobboobobooboobooboobon
0000000000000 00O0DOODSyp-PKkOOOODOOOOOOODOOOODOO
ob0ooboobooboobuoobobobobobo

s O

Sep-Pk D0D0D0DOODODO00OOODOOOOOOOODOO [MCchoineOODOOOOODO
gbooobooboboortPETOODOOODO0ODO0ODOODOODOOODOODbOODbOn
gboobooboooobobooboboobooboboobboobooobooboobon
O00Sep-PkAccdlCMOODOOOOO 0000000000 DOOOODOODOODOODOOO
goboobgoooboboobooboooobooboobooboboobooboobon
gboobooboobuoobooboobooboobobooboo

o O

1) HaraT, Kosaka N, Kishi H: PET imaging of prostate cancer using carbon-11-choline. J Nucl Med1998
Jun; 39(6): 990-995.

2) HaraT, Kosaka N, Shinoura N, et al: PET imaging of brain tumor with [methyl-**C]choline.

JNucl Med 1997 Jun; 38(6): 842-847.

3) Shinoura N, NishijimaM, HaraT, et a: Brain tumors detection with C-11 choline PET. Radiology
1997 Feb; 202(2): 497-503.

4) HaraT, Yuasa M: Automated synthesis of [*'C]choline, a positron-emitting tracer for tumor imaging.

- 270-



Appl Radiat Isot 1999 Mar; 50(3): 531-533.

5) Pascali C, Bogni A , IwataR , et al: [**C]Methylation on a C18 Sep-Pak cartridge: a convenient way to
produced [N-methyl-*C]. J. Labelled Cpd Radiopharm 2000; 43: 195-203.

6) Camarasu CC: Headspace SPME method devel opment for the analysis of volatile polar residual
solvents by GC-MS. J Pharm Biomed Anal 2000 Augl; 23(1): 197-210.

7) IwataR, Pascali C, YuasaM, et a: On-line [*'C]methylation using [**C]methy! iodide for the automated
preparation of 'C-radiopharmaceuticals. Appl Rdiat Isot 1992; 43: 1083-1088.

8) Pascali C, Bogni A, IwataR, et al: High efficiency preparation of L-[S-methyl-*C] methionine by
on-column [*'C]methylation on C,; Sep-Pak. J Labelled Cpd Radiopharm 1999; 42: 715-724.

9) Krasikova R, Fedorova O, Krasikova M, et a: A fast and convenient methd for robotic preparation of
[*C]Flumazenil avoiding HPLC purification J Labelled Cpd Radiopharm 2000; 43: 613-621.

-271-



Construction of automated production system for [**C]choline
using a Sep-Pak cartridge

Kazunori Terasaki®, Renlwatd®, Masanori Souzushima™

" Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

" Graduate School of Engineering, Tohoku University
Aramaki, Aoba-ku, Sendai 980-8579, Japan

"™ Department of Dental Radiology, School of Dentistry Iwate Medical University
19-1 Uchimaru, Morioka 020- 8505, Japan

Abstract

We constructed a computer-controled apparatus of [*'C]choline synthesis for routine
clinica application of PET. 2-dimethylaminoethanol (100 pl) was loaded onto a
Sep-Pak Accell CM cartridge, subsequent to the trapping of [*C]methyl iodide, the
Sep-Pak cartridge was washed with 10 ml of ethanol, H,O respectively. And then the
resulting product was eluted with physical saline. The total synthesis time is 16 min
starting from trapping of [*C]methyl iodide. As a result, the average amount of
[*'C]choline at end of synthesis (EOS) was 140 mCi, the radiochemical purity was
>99%. The contamination of final product with its precursor was negligible. The
simplicity of this method and the use of disposable materials for purification way be
advantageous for routine clinical use.
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