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Radioactive Disequilibrium of Uranium and Thorium
Nuclide series in Hot Spring and River Water from
Peitou Hot Spring Basin in Taipei

TIEH-CHI CHU

Department of Nuclear Science, National Tsing Hua University,
Hsinchu, Taiwan 30013, Republic of China

ABSTRACT

The distributions of the naturally occurring radionuclides **U, #‘U, **Th,
20Th, ?*Th and **Ra in hot spring and river water within the Peitou area at the
northern part of Taiwan were studied by using the alpha-spectrometric and the
liquid scintillation counting methods. The contents of uranium and thorium in
these water were calculated from the radioactivity of 2*U and **?Th, respectively.

In general on the water temperatures of the hot springs, namely, Dihreh-guu,
Chinshan, Hisngi-lu, Matsao and Liuhuang-guu, are very high, 50~98°C, except
Matsao hot spring which is 26°C. The acidity of these hot spring water is high
with pH 1.6~3;4, which may influence the pH of river water when they flew into.
The radioactivities of uranium and thorium isotopes in natural river water ( pH
~7.0) are very low, but there is a tendency that they increase with decreasing pH
in the region of pH<5.0. The concentration ratios of uranium to thorium are less
than 0.6 in hot spring water, whereas they are larger than 1 in river water.

The radioactivity disequilibrium between **U and **U is observed to be
1.09 £ 0.06 when pH<0.5; however, it is increased to 1.33 + 0.08 when pH~7.0.
The behaviors of thorium in hot spring and river water are more complicated than
that of uranium due to the formation of thorium colloids. Therefore, the pH
dependence of the radioactivities of thorium isotopes are not as simple as in the
case of uranium isotopes. The radioactivity ratio of **° Th / ***U is smaller than 1.
The radioactivity ratios of 2°Th/ *°Th are larger than 1 for most samples, but
irregularity was observed. **Ra is more abundant in the Dihreh-guu hot spring
water, with a radioactivity concentration of 36.6 mBg/Lor 1.0x10"g/L. Because
2Ra may exist as (Pb, Ba, Ra)( SO,),poseudo-colloid in hot spring and river
water; which is the same as the more famous mineral of Peitou-storn(Hokutolite);
therefore, on relationship can be found between its activity and pH. The
radioactivity ratios of °Ra/*°Th in the neutral river water are larger than in the

acidic hot spring water and show irregularity in nature.
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Advanced Use of Neutron Activation Analysis in Geochemistry and Environmental Chemistry
Minai, Y.
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Positronium as a probe of small free volumes
Tomasz Goworek
Radiation Science Center, High Energy Accelerator Organization (KEK), Tsukuba,
Ibaraki 305, Japan
and Institute of Physics, Maria Curie Sklodowska University, Lublin, Poland

Positronium, a hydrogen-like structure composed of negative and positive
electrons, is often used as a tool in the studies of free volume holes in solids (crystalline
and amorphous ones). Free volume represents for positronium (Ps) a potential well, in
which it can be trapped. The sub-state of Ps with parallel spins (ortho-positronium) is
characterized by a long lifetime in vacuum, however in small traps its lifetime is
shortened by the interaction with surrounding bulk material (pick-oft process). The
smaller is free volume, the stronger interaction and shorter lifetime.

The relation between free volume size and ortho-Ps lifetime is usually
described in the framework of simplified model, proposed by Tao and Eldrup et al. In
that model the positronium trap has spherical shape and the potential is rectangular one
with infinite depth. Those are rather crude simplifications; in this paper an evaluation of
possible distortions introduced by the model is discussed. One cannot expect precise
estimates of free volume size from the positron lifetime data or from the width of para-
positronium momentum distribution, however even in this form the model can supply
valuable information. Can we, basing on positron lifetime data, reconstruct the whole
distribution of free volumes when it is a complex one is still an open question.
Reliability of this reconstruction depends on the knowledge how Ps trapping probability
depends on free volume size and does Ps spend whole its life in one particular site, or
changes it frequently, supplying this way the information about average free volume
only.

The model can be easily extended toward nonspherical and large-size free
volumes. In that last case the population ot particle states lying above the zero-point
energy has to be taken into account. Inclusion of excited states allows to explain the
commonly obscrved diminishing the o-Ps litetime with temperature for porous media.
The version of the model for large capillary voids works well in some cases (e.g. in

silica gels), however, sometimes unexpectedly long lifetimes are observed.
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Radiopharmaceutical Chemistry in Peking University (PKU)

Xiangyun Wang
Department of Technical Physics, Peking University,
Beijing 100871, P. R. China

The Department of Technical Physics, Peking University consists of two specialities:
nuclear physics and applied chemistry. The applied chemistry speciality used to be
radiochemistry speciality before 1983. Now its research activities cover four
directions: radiopharmaceutical chemistry, material science, environmental chemistry,
and radiation chemistry. The research on radiopharmaceutical chemistry began in
1983.

In the first 10 years our research was focused on labeling of monoclonal antibodies
(McAb) with radionuclides. Both direct and indirect (i.e. via bifunctional conjugating
agents) labeling methods were studied. The labeled radionuclides we studied were Py,
9mre, Wi, 111Ag, 19yb, and '3¥Re. Since 1992 we extended our interest to
radiopharmaceuticals used for myocardial imaging. Two types of compounds were
intensively studied: boronic acid adducts of technetium trioxime (BATO) and
complexes containing [*™Tc=N]*" core and [*™Tc=NAr]*" core. In the mean while,
we carried out the investigations on relevant coordination chemistry of Tc in aqueous
solution for increasing the knowledge of chemical behavior of Tc in vivo.

As the great potential usage of '8Re and/or '*Re pharmaceuticals in cancer therapy is
realized, more economic and convenient methods for their production have to be
developed. We explored the possibility of preparation of '*'®Re with a satisfactorily
high specific activity by Szilard-Chalmers effect from rhenium complex target
irradiated with thermal neutron in a nuclear reactor. We also worked out a new
procedure for separation of radioactive rhenium from tungsten target bombarded by
proton beam. ’

In the recent five years we were involved in development of drugs used for neutron
capture therapy (NCT). We have designed and synthesized some new boron
compounds as well as gadoliniuni compounds which have preliminarily been proved
to be concentrated in tumor cells to some extent by screening them in cellular and
animal experiments. The investigation of some subsidiary compounds, such as
radiation sensitizers and p-glucoprotein inhibitors, are also being underteken.

Our unremitting efforts have led to the publication of some 50 papers, and growing up
a number of M.Sc. and Ph.D. students.
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Modern Nuclear Analytical Techniques and Their Applications in China
Chai Zhifang

Ins titute of High Energy Physics and Laboratory of Nuclear Analytical Technigues,

Chinese Academy of Sciences, P.O.Box 2732, Beijing 100080, China

The earliest activity of nuclear analytical technique (NAT) in China can be traced back to the early
fifties, much later than in the developed countries. However, since the first nuclear reactor and low-energy
accelerator was put into operation in 1958, the NAT had experienced a rapid growth period, which was
characterized of establishment of various NAT methods and their extensive applications in
multidisciplinary fields.

Recently, the Chinese government has defined six national goals as a guideline of major research
direction, i.e. agriculture, human health, environment, energy and resources, materials, and information,
which are becoming a strong impetus to the development of NAT. In this paper, some latest achievements
of NAT in China will be briefly outlined.

1. Facilities for NAT = Nowadays there are about 10 research reactors and over 100 low-energy
accelerator are available in China. A new pulsed reactor will be put into operation by end of this year. In
addition, two synchronous radiation machines, three accelerator-based mass-spectrometers and three
scanning proton microprobes are providing routine service. Two low-energy positron spectrometers are
being established.

2. Methodology  In addition of the conventional NAA, PIXE, XRF, PAT,SSNTD and Moessbauer

spectrometry, some new methods have been or are being developed, e.g. molecular activation analysis,

microbeam analysis, position sensitive spectrometry, ultratrace AMS analysis, SRXRF, and slow e beam
spectrometry, etc.

3. Some new applications

a) Study of chemical species of trace elements in biological and environmental samples, including rare
earth elements, platinum group elements, chromium, selenium, mercury, iodine and others.

b) Localization of trace elements in samples of interest. The space or position resolution can reach about
1 u#m. The main work is on atmospheric particles, single minerals and subcellular distribution of
significant components.

c) Study of combination of nicotine and its derivative with DNA and important proteins by AMS.

d) in situ analysis of Se-bound proteins in human liver by synchronous radiation-based XRF and
biochemical separation technique.

e) Preparation of reference materials for microbeam analysis.

f) Biological and environmental specimen banking at IHEP.

The future perspectives of NAT in next century in China will be addressed as well.

*This work is financially supported by National Natural Science Foundation of China and Chinese
Academy of Sciences.
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Century of Radiochemistry: History and Future
B.F. Myasoedov

Vernadsky Institute of Geochemistry and Analytical Chemistry of
Russian Academy of Sciences, Kosygin str., 19, Moscow, Russia

Several periods can be shown in radiochemistry development history.

First stage was when radiochemistry was actually conceived as independent
scientific school; this period was connected with discovery of radioactivity,
fundamental law studies of this phenomenon, revealing the main regularities
of radioactive substances behavior. In the forties during the second period

the main content of radiochemical research was put into practical applications
of atomic energy, study of chemical properties of man made elements,
development of technological methods of irradiated nuclear fuel treatment,
solution of the radioactive wastes burial problem. Finally in the end of

the sixties due to intense development of nuclear industry the third modern
period of radiochemistry development had started when, as great Vernadsky
foreboded, the mankind entered the phase of global impact on environment and
the top priority problems became the studies of man-caused radionuclide
behavior inside environment.

In the report different sources of radionuclides impact in the nature
are considered. Among them are: tests of nuclear and thermonuclear weapon in
atmosphere and under ground, work of the radiochemical plants of the nuclear
fuel cycle for production and accumulation of plutonium for the military purposes,
different accidents in nuclear industry, unauthorized dump of radioactive
materials in various places of the ocean and pouring off the strongly
radioactive wastes from ships and submarines equipped with nuclear power engines.
An overview is given of modern radioecological situation around reprocessing
plant "Mayak", which was constructed more than 40 years ago for the production
of plutonium for military purposes. The following problems are considered:
lake Karachai; artificial water reservoirs contaminated by radionuclides;
solid radioactive wastes and their vitrification .

Some new approaches, methods and tools developed at the Vernadsky Institute
of Geochemistry and Analytical Chemistry for isolation, concentration and
determination of radionuclides in the varous environmental samples are
disscussed. The data on distribution, occurrence forms and migration picesses
of radionuclides *Sr, 3"Cs, 2*°Pu and 2! Am, in aquatic and terrestial
ecosystems of the impact zone of the Production Association "Mayak", are
presented.
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Frontier Sciences with Future High Intensity
Accelerators in Japan

Shoji Nagamiya (KEK)

Accelerator sciences in the world are heading towards two frontier directions, the highest
energy regime (LHC, for example) and the regime of the highest intensity and power. In
Japan a plan has been discussed among the community to construct the highest power proton
accelerators in the world. At KEK, a plan to construct the Japan Hadron Facility (JHF) was
proposed jointly by the nuclear science community, neutron science community and the
meson science community. It consists of a) 3 GeV proton synchrotron at 200 pA (which is
0.6 MW) and b) 50 GeV proton synchrotron at 10 pA (which is 0.5 MW). The former will
create forefront sciences with pulsed neutron beams, muon beams, and target-fragment type
RI beams, whereas the latter will open a new field of hadron physics using high-intensity
kaon beams, antiproton beams, neutrino beams and other exotic beams. This proposal was
supported also by the neighboring communities in Japan, such as the high-energy physics
community and biological science community.

Recently, however, a new initiative began for construction of high-intensity proton
accelerators in Japan. The idea was to combine the JHF project described above with the
Neutron Science Project (NSP) which was proposed by the Japan Atomic Energy Research
Institute (JAERI). In the latter, the main focus was neutron sciences with spallation neutron
beams. In addition, R&D work on nuclear transmutation was considered. The original
plan of the NSP aimed at 5 MW proton beams at the GeV region, using a superconducting
linac. Since the summer of 1998 scientists from both KEK and JAERI have been making
efforts to combine these two proposals, JHF and NSP, into one unified “high-intensity proton
accelerator project”.

Presently, this joint proposal is under a serious review at the Government towards its
funding. At the October conference, I would like to report a flavor of sciences which can be
developed at the power frontier proton accelerators. In addition, I would like to report the
present status of the joint project between KEK and JAERI.
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Superheavy Elements with the Berkeley Gas-Filled
Separator

(LBL) K.E. Gregorich

In April and May of 1999 the Berkeley Gas-filled Separator was
used to search for the production and decay of element 118 from the
8Kr + 2°%Pp reaction, according to Smolaficzuk's predictions of
relatively large production rates. Three decay chains, each consisting
of an implanted heavy ion, followed by a rapid (ms) succession of
high-energy (> 10 MeV) alpha-particle decays were detected. These
chains are consistent with the production and decay of element 118
with mass number 293.

These results

a)show experimental evidence for the existence of shell-stabilized
SHE,

b) provide experimental values for refinement of nuclear mass models
in the SHE region, and, most importantly,

c) present a "new" reaction pathway for the production of SHE. A
description of the separator, these experiments will be presented.
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Present research on the environmental radioactivity and its perspective in Japan.
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Radiochemistry in India an overview

S.B. Manohar
Radiochemsitry Division
Bhabha Atomic Research Centre
Mumbar 400 085

Work in the area of radio and mnuclear chemistry started

almost along with establishment of Indian Atomic Energy Programme and
first prototype radiochemistry laboratory was established in the Atomic
Energy Establishment at Trombay (AEET) in 1958. The laboratory had an
active area of 375 Sq.m. and was designed as a Class A radioactivity
laboratory. Most of the work programme in the area of radiochemistry was
initiated in this laboratory. The present Radiochemistry Laboratory which was
designedin 1965 was operational in 1969 and has 14 laboratories of 70 sq.m.
area each, built on modular fashion with 10-12 air and required safety
devices for continuous monitoring.
The area of research which are presently being carried out in
Radiochemistry Division are (1) Nuclear Chemistry (2) Actinide &
Process Chemistry (3) Solid State and Analytical Spectroscopy and
development of manpower and help to other educational institute in their
research in these areas.

The aritcle highlights some of the research  activities in the
area of Nuclear Chemistry and Actinide Chemistry. The areas of research in
nuclear chemistry are reactor and accelerator based research in nuclear fission,
nuclear reactions, nuclear spectroscopy and neutron activation analysis. While
that in the actinide chemistry are to understand the basic as well as
applied aspects of chemistry of actinides with a view to its wuse in
separation processes of actinides required for reprocessing and waste management.

This being the first symposia organised by the Japan Society
of Nuclear and Radiochemistry, a brief mention about the activities of
a similar society, from India "Indian Association of Nuclear Chemists
and Allied Scientists" (IANCAS), which was formed in 1981, is made.




