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PROGRAMME OF THE WORKSHOP

October 6 (Monday)

8:30 - 9:00 a.m. Registration in Institute of Nuclear Physics,
Main Building First Floor

9:00 - 9:30 a.m. Opening address
(Prof. J. Niewodniczanski, Prof. J. Skotyszewski,
Prof. A. Budzanowski)

9:30 - 9:45 A. Cebulska-Wasilewska, "Radioactivity: the risks
and hopes of Maria Sktodowska-Curie"

9:45 - 10:15

10:15 - 12:00

Coffee Break

Radioactivity: Risk

Chairpersons: J. Denekamp, I. Szumiel

10:15 - 10:40 K.H. Chadwick. H.P. Leenhouts, "The molecular
theory of radiation biology - reflections".

10:40 - 11:00 Mn T^e rp^a . "Genetic basis of the mammalian
cellular response to ionizing radiation".

11:00-11:20 I. Szumiel. M. Kapiszewska, I. Grejdzka,
B. Sochanowicz, A. Gasinska, A Jaworska,
"Proto-oncogene expression, cell cycle arrests and
apoptosis in X-irradiated L5178Y sublines".

11:20-11:40 HP. Leenhouts. K.H. Chadwick, "A molecular
theory of radiation induced cancer".

11:40 - 12:00 Z. Pietrzak-Flis. "226Ra, 210Pb and 21&Po in diet and
man in Poland".

12:00 - 13:00 Lunch (Institute of Nuclear Physics - canteen)

13:00 - 15:00 Radioactivity: Hope

Chairpersons: I. Szumiel, J. Denekamp

13:00 - 13:30

13:30 - 13:50

13:50 - 14:20

14:20 - 14:40

14:40 - 15:00

J. Denekamp. "Challenging dogma. Are some
forms of hypoxic cells more radiosensitive than
others?".
Y.S. MardinskyrS.E. Oulianenko. G.M. Obaturov,
R.S. Budagov, T.S. Tsyb, S .P. Kapchigachev,
V.A. Sokolov, A.S. Sisoev, LA. Gulidov,
V.M. Litiyev, "20 years experience in radiobiology
of neutron and 10 years experience of neutron
therapy in Obninsk, Russia".
J. Capata. AZ. Diaz, M. Chadha, J.A. Coderrel,
E.H. Elowitz, DJD. Joel, J. Iwai, H.B. Liu,
MS. Shady, L. Wielopolski, AD. Chanana, "BNCT
for glioblastoma multiforme (GBM) using the
epithermal neutron beam at the Brookhaven
Medical Research Reactor".
R. Huiskamp. "Brain tolerance in dogs to Boron
Neutron Capture Therapywithborocaptate sodium
(BSH) or boronophenylalanine (BPA)".
J. Huczkowski. J. Skotyszewski, B. Lazarska,
E. Byrski, A Cebulska-Wasilewska, A Gasinska
"Radiobiology and clinical application of
unconventional neutron beam - the Krakow
experience".



15:00 - 15:15

15:15 - 16:30

Coffee Break

Radioactivity: Risk and Hope

Chairpersons: M. Zdzienicka, K Chomiczewski

15:15 - 15:30 M. Dziekiewicz. K Chomiczewski, H. Jablonska,
"The effect of PGRj, Gastrin and CCK-8 on
postirradiation recovery of small intestine
epithelium".

15:30 - 15:45 A. Gasinska, "How we can improve radiotherapy
results of malignant tumours?".

15:45 -16:00 P. Olko. M. Walig6rski, "The Hadron
Radiotherapy Centre Project at the Institute of
Nuclear Physics in Krak6w".

16:00 - 16:15 M. Kruszewski. M. Wojewtfdzka, T. Iwanenko,
A.R. Collins, "Application of the comet assay for
monitoring DNA damage in workers professionally
at risk of exposure to low doses of ionizing
radiation".

16:15 - 16:30 J.K. Km. K Rekas, A. Cebulska-Wasilewska,
"Application of TSH bioindicator for studying
the biological efficiency of neutrons from
Californium-252 source

19:00 Reception
("Dom Polonii", Rynek Gtowny 6)

October 7 (Tuesday)

9:30 - 10:20 a.m. Radioactivity: Risk and Hope

Chairpersons: Z. Pietrzak-Flis, J. Huczkowski

9:30 - 9:40

9:40 - 9:50

9:50 - 10:00

10:00 - 10:10

10:10 - 10:20

10:20 - 10:40

A. Cebulska-Wasilewska. "Comparison between
cytogenetic damage induced in human lymphocytes
by environmental chemicals or radiation".
D. Sfonina. A. Gasinska, "Micronucleus assay in
lymphocytes of healthy donors and cancer
patients".
A. Wierzewska. E. Kasper, R. Huiskamp,
A. Cebulska-Wasilewska, "RBE of various energy
neutrons assessed from chromosome aberrations
induced in human blood lymphocytes".
W. Niedzwiedz. D. Nowak, A. Cebulska-
Wasilewska, "Studies on the kinetics of DNA
damage induction and repair in human
lymphocytes by various LET radiation".
D. Nowak. W. Niedzwiedz, A. Cebulska-
Wasilewska, "Correlations between DNA and
chromosomal damage induced in human
lymphocytes".

Coffee Break



10:40 - 11:30 Radioactivity: Risk and Hope

Chairpersons: A. Gasinska, J. Capafe

10:40 - 10:50 J.W. Mietelski. "Long lived remains of Chernobyl
fallout in Poland".

10:50 - 11:00 M. Kowalska. "Radiation induced neoplastic
transformation in C3H10T1/2 cells: what have we
learned?".

11:00-11:10 S. Krasnowolski. J. Huczkowski, B. Janiszewska,
T. Janiszewski, A. Cebulska-Wasilewska, "Lung
damage after a combined treatment of fractionated
irradiation and pentoxifylline".

11:10 - 11:20 B. Paika. A. Cebulska-Wasilewska, M. Iitwiniszyn,
L Pawlyk, R. Huiskamp, "RBE of various energy
neutrons assessed from TSH assay".

11:20 - 11:30 K Rekas. A. Cebulska-Wasilewska, J. Capafo,
"Biological efficiency of epithermal neutrons
estimated from gene mutations in TSH assay".

11:30 - 12:30 Visit to Radiobiology Laboratories

and Hadron Radiotherapy Centre

12:30 - 14:30 Visit to Museum of Jagiellonian University

19:00 Concert



RADIOACTIVITY: THE RISKS AND HOPES OF
MARIA SKLODOWSKA-CURIE

A. Cebulska-Wasilewska
Department of Radiation and Environmental Biology, Institute
Nuclear Physics

of

Without us dreams couldn't exist.
The one on whom the real world depends
is stitt unknown,
and the products of his insomnia
are available to anyone
who wakes up.
Dreams aren't crazy -
it's the real world that's insane,
if only in the stubbornness
with which it sticks
to the current of events
(W. Szymborska 1993, The Real World [2])

Maria (Marie in French) Sklodowska-Curie, one of the greatest
scientists of the period of great inventions, was born in Warsaw on
November 7, 1867 at about the time that Alfred Nobel invented
dynamite and many scientific paradigms were being altered. This was at
a time that Poland had been wiped off the map of Europe, existing only
in the hearts of the Polish people. It was also a time that universities in
Europe hardly ever considered giving employment to female graduates.

Maria Sklodowska-Curie was the discoverer of the new elements
polonium and radium and a researcher of international reputation. But
first and foremost, she was winner of two Nobel Prizes, one for Physics
in 1903, the other for Chemistry in 1911. She was awarded them not only
for her services and for the new insight which her discoveries had given
into the nature of matter and the understanding of radioactivity but also
for the stimulus they had been to the development of human thought.

NOTES



Maria Sklodowska was born the fifth and youngest child of
Bronislawa Boguska and Wladyslaw Sklodowski. She was brought up in
a well-educated family. Her mother taught languages, her father, one of
seven children of a noble family, was a professor of mathematics and
physics. Maria was remarkable for her prodigious memory. At the age of
4 she could read with great fluency, and at the age of 16 she won a gold
medal on her graduation from the Russian "Tyceum". Her youth was
marked by dramatic events and influenced her future. Her elder sister
died and her beautiful and beloved mother passed away after a long
illness. Unable to cope with these tragedies, Maria abandoned
the Catholic Church before she was 20. However, those sad events
strengthened her and taught her to face difficulties in life. When her
father had lost all his savings through a bad investment, Maria started to
earn money as a teacher to support the family. At the same time, she
took courses in anatomy, biology and sociology, clandestinely in Polish,
in a secret "flying university". Being intellectually influenced by the ideas
of Spencer and Comte, she became a voluntary teacher of women
workers in this period. However, her independent spirit and patriotism
kept her out of any party activity and away from the ideas of Marx.

Maria and her elder sister, Bronislawa, were absolutely
determined to get higher education. But financial problems prevented
them from both going to Paris at the same time. It was Bronia who first
went there to study medicine. To support her sister financially, Maria
took a post as a governess in the country and in this way she was able to
pay for her sister's studies at the Sorbonne. After three years she
returned to Warsaw, to her family, friends, her job as a teacher, to the
"flying university", and to her study of chemistry in the laboratory where
her uncle worked.

In 1891 it was her turn, and Maria Sklodowska went to
the Sorbonne to attend the lectures given by Paul Appel, Gabriel
Lippmann and Edmond Bouty. There she met physicists who were
already well-known, Jean Perrin and Charles Maurain. In Paris she first
stayed with her sister Bronia and Kazimierz Dhiski (Bronia's husband).
Then she moved to her student lodgings, where she lived in virtual
poverty, forgetting about her basic physical needs. Maria devoted herself
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and all her time to hard work, which finally bore fruit. In 1893 she
graduated from the Sorbonne in first position on the list of physical
sciences licentiates and she returned to Warsaw.

In Warsaw her friend helped her to get an Aleksandrowicz
family scholarship, which was usually awarded to outstanding students
abroad. With this scholarship, Maria was able to go to Paris to study
mathematics, again at the Sorbonne. In 1894 she was placed second on
the licentiate list of mathematical sciences. During her studies of
magnetism for Professor lippman she was introduced to a French
physicist, Pierre Curie. Their marriage (July 25, 1895) marked
the beginning of the partnership that was soon to achieve results of
world significance. Her marriage to Pierre Curie was a civil ceremony as
neither Pierre nor Marie belonged to any religion. In 1897 the birth of
their daughter Irene did not interfere with Maria's intensive scientific
work. In the Fall of 1897, looking for a subject for her thesis, Maria
Curie decided to find out if the property discovered in uranium was to
be found in other matter. She was following Henri Becquerel's discovery
(1896) of a new phenomenon (which she later called radioactive). Maria
thus began studying uranium radiation. Using techniques and apparatus
devised by Jacob and Pierre Curie, she carefully measured the radiation
in pitchblend, ores containing uranium. When she found out that
the radiation from the ore was more intense than that from uranium
itself, she realized that there must exist an unknown element, even more
radioactive than uranium. On April 12, 1898 Professor Lippmann made
an announcement of her discovery to the French Academy of Science.
But the existence of the new element needed to be proved by isolating it.
It was then that Pierre Curie joined her in the work that she had
undertaken to solve this problem. Their cooperation led to the discovery
of polonium (so called by Maria in honour of Poland) in the summer of
1898, and that of radium a few months later.

The news of this discovery reached Poland very soon as Jozef
Sklodowski, at the same time as in Paris, published the information
about the new elements discovered by the Curies in " Swiatlo",
a photography journal in Warsaw. In 1899 Marie and Pierre visited
Zakopane, where In 1898 Bronia and her husband had erected
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a sanatorium for patients suffering from pneumonia. Pierre showed off
his ability to speak Polish and after a trip to the top of Kasprowy Wierch
became even a fan of the Tatra mountains. In 1900 Maria was appointed
lecturer in physics at the Ecole Normale Superieure for girls in Sevres
where she introduced a method of teaching based on experimental
demonstrations.

While Pierre Curie devoted himself to the physical study of
the new radiation, he was also the person who first published the results
of research on radiobiology of radium, performed on his own skin, which
formed the base for "Curietherapy". Maria Curie struggled to obtain pure
radium in the metallic state. Even though their achievements were
unique, the Curies in 1902 idealistically resigned from the right to patent
the radium isolation. With no financial recompense for their unequalled
discovery, Marie and Pierre were only awarded the Davy Medal of the
Royal Society. For her work Maria Curie received a doctorate of science
in June 1903, and on December 10 Maria and Pierre shared with Henri
Becquerel the Nobel Prize for Physics for the discovery of radioactivity.

In 1904 Pierre Curie was appointed professor of physics at
the University of Paris. It was then that their second daughter Eve was
born. It was also in December 1904 that Marie Curie was appointed to
her first research post as chief assistant in the laboratory directed by
Pierre Curie. On July 5, 1905 Pierre Curie was finally elected member of
the French Academy. Marie was not similarly recognized since such
positions were not commonly held by women.

The sudden death of Pierre Curie (April 19, 1906) was not only
a bitter experience but also a decisive turning point in Marie Curie's
career. Now without Pierre, she devoted all her energy to complete
the scientific work that they had carried out and to build the laboratory
of the Radium Institute. She was also appointed to the professorial post
that had been left vacant on her husband's death.

In 1908 she became a titular professor, and in 1910 her
fundamental treatise on radioactivity was published. In 1911 she received
an unprecedented second Nobel Prize, this time for Chemistry, for her
work on radium and radium compounds and for the isolation of pure
radium. In spite of this success, this period which should have been one
of fame was somehow marred instead by public envy. Tired with her life
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in Paris, Maria went back to Poland to spend her vacation with her
daughters in the Tatra mountains in Zakopane. And it was at this time
that she was invited to become a honorary member of Science Society in
Warsaw, and to begin research there. Nevertheless, Marie Curie stayed
in France. She decided to complete the building of the Radium Institute
(Pierre Curie's dream). In 1913 Maria returned to Warsaw, where she
gave her first lecture. And this lecture was in Polish. In 1913 she spent
also her vacation with Albert Einstein and his family in the Alps. In
1914, when the buildings of the Institute were completed, Marie became
head of the Paris Institute of Radium. When at last the laboratories of
the Radium Institute were ready to be equipped with apparatus, then all
activity was suddenly interrupted. World War I broke out.

Soon Paris was in danger of occupation, but Marie Curie did
not give up her work. She took 1.5 g of her treasure in 20kg of lead,
made a lonely journey to Bordeaux in order to put the radium in a safe
place and returned to Paris. Throughout World War I Maria Curie
devoted herself to her work on the use of X-radiography for the war
victims. She not only used X-ray machines on the wounded soldiers
herself but also organized courses of radiology. At a rough estimate, as
a result of her activities more than 150 radiologists were trained on
courses; more than 200 X-ray laboratories (including 20 mobile
laboratories) were organized for military hospitals, and more than
a million soldiers were helped by radiography before surgery.

In 1918 the Radium Institute, the staff of which her daughter
Irene had joined, began to operate in earnest, and it was to become
a universal centre for nuclear physics and chemistry. Many Polish
physicists and chemists came to study there, often financially supported
by Marie Curie grants. Marie devoted her research to the study of
the chemistry of radioactive substances and the medical applications of
these substances. Under Maria Sklodowska-Curie's guidance about
483 scientific papers were published, and 34 doctorates were awarded.
In the medical unit about 8319 patients were treated with radium.

In 1919 she celebrated Poland's newly won independence.
Maria's family (mainly BronisJawa Dluska and Jozef Skfodowski) became
active members of the committees organizing the Radium Institute in
Warsaw, the aim of which was to study and cure cancer. In June 1925
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Maria travelled to Warsaw to lay the cornerstone of the Polish Radium
Institute named after her.

In 1921, accompanied by her two daughters, Maria Curie made
a triumphant journey to the United States. The President Warren G.
Harding presented her with a key to a casket containing a gram of
radium that had been bought by American women. This radium was
absolutely essential for the continuation and enhancement of
the research programme in her laboratory in Paris, as the radium
isolated by her she had devoted to "Curietherapy".

She was nominated member of the International Commission
on Intellectual Co-operation by the Council of the League of Nations
(among the members of which was Albert Einstein). Moreover, while not
regretting her early attitude to resist patenting her own ideas,
she became an advocate of scientists' right to patent their discoveries and
inventions. She also campaigned for access to free international scientific
literature, for internationally recognized scientific symbols and standards
and for free international exchange of scientists.

At last, she had the gratification of watching the development of
the Curie Foundation in Paris. And on May 29, 1932 she also witnessed
the inauguration of the Radium Institute in Warsaw, (for which she had
requested in the USA, and again received a second lg of radium). Her
sister Brom'a became the director of the Institute. Their hope was that in
the laboratory buildings still being constructed, there would be a special
place for Maria. But, unfortunately, this was the last visit of Maria
Sklodowska-Curie to Poland.

One of Maria Sklodowska-Curie outstanding achievements was
that she had understood the need not only to accumulate intense
radioactive sources for the treatment of illnesses but also to maintain an
abundant supply for research in nuclear physics. In Paris at the Radium
Institute the existence of a stock of 1.5 grams of radium in which radium
D and polonium had accumulated over a period of several years made
a decisive contribution to the success of the experiments undertaken in
the years around 1930 and, in particular, to those performed by Irene
Curie in conjunction with Frederic Joliot, whom Irene had married in
1926. This work prepared the way for the discovery of the neutron by
Sir James Chadwick and, above all, the discovery of artificial
radioactivity made by Irene and Frederic Joliot-Curie in 1934.
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A few months after this discovery, and before her elder daughter Irene
Joliot-Curie won a Nobel Prize for Chemistry (1935), Maria
Sklodowska-Curie died of leukemia near Sallanches (France) on July 4,
1934.

Maria Sklodowska-Curie, after return from her first journey to
USA, wrote in her notebook [1]:

(...) "Humankind needs hard-headed individuals who being practical will
take advantage of their work, and not neglecting the general well-being at
the same time will safeguard their own business. But it also needs dreamers
for whom the selfless, unprofitable, results of their work are so important
that they cannot think about ensuring material profits for themselves. Thus,
a well-organized society should look after their working conditions so that
material considerations would not intrude on them." (...)

The contribution of Maria Sklodowska-Curie to physics was
enormous. She was one of the first women scientists to win worldwide
fame. Marie Sklodowska-Curie received: Doctor of Science at
the University of Warsaw, Poland; Professor of Science at the University
of Paris, France; Honorary degree awarded by the University of Chicago;
15 gold medals; 19 degrees, and many other honours. Maria
Sklodowska-Curie is notable for her so many firsts! Eve Curie,
a biographer of her mother said:

(...) "And yet it is the 'celebrated scientist'who is strangest to me - probably
because the idea that she was a 'celebrated scientist' did not occupy
the mind of Marie Curie. It seems to me rather, that I have always lived
near the poor student, haunted by dreams, who was Marie Sklodowska long
before I came into the world". (...)

Maria Sklodowska-Curie's perishable illness was caused by
almost 37 years of exposure to radiation. She was conscious of
the radiation risk, but prospect of the radioactivity had the highest
preeminence in her life. Radioactivity: the greatest risk and hope of
Maria Sklodowska-Curie made Maria the most famous of all women
scientists because she was the most idealistic dreamer in the World.
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THE MOLECULAR THEORY OF RADIATION BIOLOGY -
- REFLECTIONS

K.H. Chadwick1 and H.P. Leenhouts2

3 European Commission, Rue de la Loi 200, B1049 Brussels, Belgium
2 Laboratory for Radiation Research, RIVM, Postbus 1 3720 BA Bilthoven,
The Netherlands

Twenty-five years ago the first paper based on the Molecular
Theory, as it later became known, was submitted for publication. It was
rejected and it took a great deal of patience and a lot of advice from friends
before it finally was accepted by the third journal approached. Little has
changed in the twenty-five years in that respect, but what has changed is that
while everyone accepts the importance of DNA double strand breaks now, in
those days they were only just begining to be thought about. The theory
assumes that radiation induced DNA double strand breaks are responsible
for cellular radiation effects such as killing, aberrations and mutations and
provides a comprehensive, straight-forward, explanation of radiation effects.
However, it also leads to proposals and predictions which contradict
accepted radiation biological dogma. This, plus the "reputation" that my co-
author and I have aquired probably explains the difficulties that we still have
in getting our papers published.

This paper will discuss the predictions the theory makes, the
difficulties it encounters, the evidence for it and the problems still to be
resolved. The theory, with all its difficulties has served us well and given us
an very special insight into radiation biological effects and we commend it to
you.
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GENETIC BASIS OF THE MAMMALIAN CELLULAR RESPONSE
TO IONIZING RADIATION

M.Z. Zdzienicka
Department of Radiation Genetics and Chemical Mutagenesis-MGC,
Leiden University, Wassenarseweg 72, 2333 AL Leiden, The Netherlands

Recent advances in our understanding of the biological
mechanisms responsible for the cellular response to ionizing radiation
came from the combined genetic and biochemical studies with X-ray
sensitive mutants. In humans two hereditary disordes with an increased
sensitivity to ionizing radiation (IR): ataxia-telangiectasia (AT) and
Nijmegen Breakage syndrome (NBS) have been identified. The cellular
characteristics of AT and NBS are remarkably similar. Our data show
that the transfer of a single human chromosome 8 into NBS cell lines
complements the X-ray sensitivity of these cells. Since the ATM gene
maps to chromosome Ilq23, these results indicate that two different
genes are responsible for these disorders, which is in agreement with the
recent mapping of the NBS gene on 8q21 by Saar et al., [Am. J. Hum.
Genet 60 (1997) 605-610]. In cultured rodent X-ray sensitive cell
mutants at least eleven complementation groups have been distinguished
(reviewed by Zdzieniecka, 1996) demonstrating the complexity of the
mammalian cellular response to ionizing radiation. Recently, using
rodent cell mutants, components of the DNA-PK complex and their
involvement in DNA double-strand breaks repair, have been identified.
Molecular analysis of hamster Ku86 cell mutants and characterization of
new mutants defective in DNA-PK^will be presented. In addition to the
DNA repair pathway (s) other safeguards of the cellular response to
ionizing radiation will be discussed.

References
1. Zdzieniecka M.Z., Cancer Surveys, VoL 28 (1996) p. 281-293
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PROTO-ONCOGENE EXPRESSION, CELL CYCLE ARRESTS
AND APOPTOSIS IN X-IRRADIATED L5178Y SUBLINES

I. Szumiel:, M. Kapiszewska2, I. Gr^dzka1, B. Sochanowicz1, A. Gasinska3

and A. Jaworska"
1 Department of Radiobiology and Health Protection, Institute of
Nuclear Chemistry and Technology, Warszawa, Poland
2 Department of Biochemistry, University of Al-Ain, United Arab
Emirates
3 Laboratory of Radiobiology, Oncology Center, Krakow, Poland
4 Radiation Medicine Department, Norwegian Radiation Protection
Authority, Oslo, Norway

We examined cell cycle arrest, apoptosis and expression of p53,
c-MYC, BAX and BLC2 proteins in two L5178Y (LY) murine
lymphoma sublines, LY-R and LY-S. They differ in radiation sensitivity;
slower double strand break (DSB) rejoining in LY-S (radiation sensitive)
cells is paralleled by slower chromatid break repair estimated from PCC
(Wfodek and Hittelman, 1988). The molecular defect in LY-S cells
remains undefined. Both sublines carry a mutation in codon 170 of p53
(Storer et aL, 1997). In this report we show that differential expression of
p53 and c-MYC protein (but not BAX or BCL2) is related to the
cellular response of LY sublines to X-irradiation. The induction of p53 is
similarly low in both sublines (20 min, 2 h after irradiation with 2, 5 and
10 Gy); 24 h after irradiation it is dose-independent in LY-R cells and
inversely dose-dependent in LY-S cells. Induction of c-MYC is
pronounced in LY-R cells and very low in LY-S cells. LY-R cells do not
constitutively express BCL2, whereas both sublines show high BAX
content The levels of these proteins do not change after irradiation.
There is no Gl arrest and a difference in G2 arrest, which is short in
LY-R cells and long in LY-S cells. Radiation induces delayed apoptosis
to a greater extent in LY-S than in LY-R cells; it can be seen 24 h after
irradiation (2 Gy) of LY-S cells, with a maximum at 48 h; LY-R cells
need 5 Gy and 72 h to show apoptosis (identified from the DNA
electrophoresis pattern and by the TUNEL method).

Since tyrosine protein kinase c-ABL induces c-MYC and has an
anti-apoptotic activity, the reported results can be interpreted as
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indicating that DNA-PK-induced activation of c-ABL (Kharbanda et aL,
1997) is normal in radioresistant LY-R cells and impaired in
radiosensitive LY-S cells. DNA-PK (DNA-dependent protein kinase) is
part of the DSB repair system. Although its activity has been found in
extracts from LY-S cells, a DNA-PK-specific inhibitor, OK-1035 (Take et
aL, 1995), inhibits DNA repair in LY-R cells, with no effect in LY-S
cells. This observation further supports the assumption that
radiosensitivity of LY-S cells depends on the failure of the interacting
DNA repair and signaling systems.

References
1. Kharbanda S. et al., Nature, Vol. 386 (1997), p. 732-735.
2. Storer R.D. et al. Mutation Res., VoL 373 (1997), p. 157-165.
3. Wlodek D., Hittelman W.N., Radiation. Res., VoL 115 (1988), p. 566-575.
4. Take Y. et al., Biochem. Biophys. Res. Commun., VoL 215 (1995),

p. 41-47.
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A MOLECULAR THEORY OF RADIATION INDUCED CANCER
H.P. Leenhouts1, K.H. Chadwick2

1 RIVM, P.O.Box 1, 3720 BA Bilthoven, The Netherlands
2 EC DG XII/F-6, rue de la Loi 200, Brussels, Belgium

Experimental data on tumour incidence in animals show
different dose-effect relationships which often are non-linear. Also
epidemiological data of radiation induced cancer in humans are difficult
to reconcile with a linear dose-effect relationship. Considering these
observations and the multi-factorial nature of carcinogenesis, multi-stage
models have been and still are being developed in an attempt to improve
the analysis of radiation tumour data.

In the framework of the Molecular Theory of Radiation Biology
a two-mutation model is used to describe radiation induced tumours in
animals and humans. In this model two mutations in a normal somatic
cell are necessary to induce malignancy and subsequently to cause a
tumour. These mutations occur spontaneously, but radiation exposure
can enhance the mutation rates and possibly other parameters of the
model. This model has a biological base, because it uses the multi-step
nature of the carcinogenesis process. It also bridges the gap between
radiation induced molecular and cellular damage and rumour induction
at organ and organism level.

The results of data analysis using the model show that:
1. the age and dose dependence of many data can adequately be
described;
2. non-linear dose-effect relationships may occur, even for high-LET
radiations which at cellular level are assumed to have a linear dose
response;
3. the radiation effectivity is dependent on the spontaneous rumour
incidence;
4. radiation is a cofactor and interacts with other agents to form
tumours.

The results of the model are promising, but further research is
necessary to show the general applicability of the model. Some
predictions of the model will be shown and discussed for lung tumours in
animals and humans.
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22*Ra, 2WPb and 2WPo IN DIET AND MAN IN POLAND
Z. Pietrzak-Flis
Department of Radiation Hygiene, Central Laboratory for Radiological
Protection, Konwaliowa 7, 03-194 Warszawa, Poland

The content of MRa, 210Pb and 2:oPo was determined in daily
diet, in food stuffs and drinking water in several region of Poland.
Average annual intake of ^'Ra, 210Pb and 210Po was 19.0 2.10 Bq, 45.4
6.13 Bq and 43.8 12.4 Bq, respectively. The 210Po/"°Pb ratio for all
studied regions was close to unity in the continental regions, whereas at
the Baltic Sea coast it was about 1.5. The latter value can be ascribed to
a larger consumption of fish for which the M0Po/210Pb ratio was found to
be about 10. On the basis of intake, average body burden was calculated
for adult population. The body burden of 226Ra was 1.6 Bq (1.3 in bones
and 03 in soft tissues), 6.8 Bq (4.8 in bones and 2.0 in soft tissues) and
for 210Po it was also 6.8 Bq (2.2 from intake and 4.6 from the decay of
210Pb in the body).
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20 YEARS EXPERIENCE IN RADIOBIOLOGY OF NEUTRON,
AND 10 YEARS EXPERIENCE OF NEUTRON THERAPY

IN OBNINSK, RUSSIA"
(NEUTRONS AGAINST CANCER - THE NEW METHODS

IN RADIATION THERAPY OF TUMORS USING NUCLEAR
REACTOR NEUTRON BEAMS)

Y.S. Mardinsky, S.E. Oulianenko, G.M. Obaturov, R.S. Budagov,
T.S. Tsyb, S.P. Kapchigachev, VA. Sokolov, A.S. Sisoev, LA. Gulidov,
V.M. Iitdyev
Medical Radiological Research Center of Russian Academy of Medical
Sciences, Obninsk, Russia

Objectives cfthe Study
Development and clinical implementation of the new schemes of

neutron, gamma-neutron and neutron-capture treatments for radio-
resistant forms of malignant tumors on the basis of physical, dosimetric
and radiobiological studies with nuclear reactors neutron beams.

Introduction
At present a vast arsenal of the latest achievements in biology,

physics and chemistry is involved in the struggle against cancer.
Practically all kinds of ionizing radiations are applied to diagnosis and
treatment of tumors. It is expected that the application of radiations with
high linear energy transfer (LET) in clinical radiotherapy will result in a
significant increase in the cure rate for those tumors where the
conventional radiations have proven to be unsuccessful. 60-70% of
cancer patients require radiation therapy (alone or in combination) at
one or other stage of the disease. Assuming that among them, 10-15%
with radioresistant forms of tumors and advanced stages of the disease
require high LET therapy, 60,000 - 100,000 patients from Russia per year
need high-LET therapy. Similar figures can be assumed for EC and
North America.

For technical and economical reasons, high-energy neutrons are
the most appropriate particles for medical applications compared with all
other types of high-LET radiation. Neutron therapy programmes have
been carried out in more then 20 centers worldwide and more then
20,000 patients have been treated with fast neutrons to date. Today,
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neutron therapy is usually carried out using cyclotrons, accelerators, and
neutron generators. Long-term multidisciplinary studies, performed by
the Medical Radiological Research Center in collaboration with the
Institute of Physics and Power Engineering in Obninsk, Russia, have
clearly indicated that neutron beams emerging from the core of a nuclear
reactor can be considered as very convenient and reliable sources of
neutrons for radiation teletherapy. Reactor neutrons are superior in their
spatio-temporal and energy stability, parallel spreading, wide energy
spectrum and high values of the fluxes to those obtainable with
cyclotrons and accelerators. They permit to form action radiation fields
with a variety of desirable parameters both for radiobiological studies
and for clinical applications. These neutrons have the higher linear
energy transfer (LET) and relative biological effectiveness (RBE) than
all other therapeutically used radiations. As an important advantage of
reactor neutrons, their low-cost production should be taken into account,
owing to the fact that a lot of research and power reactors have specially
designed test-channels. Modification of those channels for medical
purposes is far more cheaper, than construction and exploitation of
cyclotrons or accelerators.

New technology of radiation therapy, developed in Obninsk, is
based on newly acquired knowledge in biological effects of neutrons.
Among them:
- elucidation of energy and dose dependencies of biological effects of
neutrons for various biological responses and objects;
- determination of gene and chromosomal mutations relative yealds after
neutron and gamma irradiation;
- revelation of the radioresistant fraction in several cell types after
neutron irradiation, which is absent after gamma-irradiation, that is very
important for radiobiological foundation of mixed gamma-neutron
treatment of tumors;
- discovery of high damaging efficacy of nuclear elactdc collisions in the
process of neutron energy transfer to matter;
- development of the theoretical model describing effects of densely and
sparsely ionizing radiations, which includes the effects of low doses and
low dose-rates;
- accumulation of new data on the genetic and lethal effects of fractional
and combined gamma-neutron irradiation.
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Detailed studies have been made of antitumor effectiveness of
neutrons and of radiomodification factors action. Original technical
equipment (collimators, filters, shutters) has been designed. All
experimental and clinical works have a reliable dosimetric assessment.
Therapeutic neutron beam at the reactor BR-10 is certificated, technical
improvements and treatment methods have patents. Progress in
quantitative clinical radiobiology has improved the possibilities for
rational design of new radiotherapy approaches and schedules. The
results of radiobiological studies performed in Obninsk are of
importance not only for radiooncology but also for radiation protection,
radioecology and biological dosimetry. Up till now more then 250
patients with head and neck tumors, breast cancer and some other types
of tumors have been treated using reactor neutrons. Integral analysis of
five-year survival rates indicated a higher efficiency of neutron and mixed
gamma-neutron therapy as compared with conventional radiation
treatment. The survival rates were 89% for larynx cancer and 67% for
breast cancer after neutron irradiation; the corresponding values were
65% and 46% after conventional radiations. The advantages of neutrons
have been demonstrated both in loco-regional control and in overcoming
of recurrences and metastasis. Also it is essential that reactor neutrons
have an excellent palliative effect and this mode of neutrons application
is in line with one of the most actual tasks posed by World Health
Organization to oncologists. At present extensive radiobiological studies
have being performed at 18 nuclear reactors in the USA, Great Britain,
Japan, Germany, the Netherlands, Italy and several other countries.
However, in addition to Obninsk only in Germany, at the Munich
Research Reactor FRM, the works have reached the stage of clinical
application of neutron teletherapy. Scientists from Obninsk and Munich
are in close cooperation in the fields of neutron dosimetry, harmonizing
of clinical protocols and reviewing the results. Scientific infrastructure of
Obninsk as a complex of research institutes, formed in 50-60-s around
the world's first nuclear power plant, opens a broad possibilities for
multidisciplinary studies. Radiation therapy is among them. Now
Obninsk is a single center in Russia where experimental and clinical
studies of neutrons are in progress. The clinical experience obtained at
the reactor BR-10 permitted to start the design and construction of
therapeutic neutron beam at the reactor WWR-c in Obninsk Branch of
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the Research Physico-Chemical Institute. In addition, preliminary
experimental studies in neutron-capture therapy and in concomitant
boost with Boron neutron capture have been launched in Obninsk.

Scope of Activities
- Fundamental and applied studies of biological effects of neutron,
gamma-neutron (combined and mixed) and pulsed neutron radiation at
the molecular, genetic, cellular, systemic and organism levels.
- Clinical investigation of the new schemas of radiation therapy with the
using of neutrons.
- Development of neutron-capture therapy approaches.
- Preparation of medical and technological documents and regulations
for adaptation of nuclear reactors neutron beams for biomedical
purposes.
- Generation of the information data-base "Neutrons in biology and
medicine".
- Creation of patient treatment port at the reactor WWR-c (Obninsk
Branch of the Research Physico-Chemical Institute).
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BORON NEUTRON CAPTURE THERAPY (BNCT)
FOR GLIOBLASTOMA MUL1TFORME (GBM) USING

THE EPITHERMAL NEUTRON BEAM AT THE BROOKHAVEN
MEDICAL RESEARCH REACTOR

J. Capala1, A.Z. Diaz2, M. Chadha3, JA. Coderrel1, E.H. Elowitz4,
D.D. Joel3, J. Iwai3, KB. Liu3, M.S. Shady5, L. Wielopolski3,
AX). Chanana3

Medical Department1, Brookhaven National Laboratory, Upton, NY;
Departments of Radiation Oncology2 and Neurological Surgery5,
University Hospital, State University of New York, Stony Brook, NY;
Departments of Radiation Oncology3 and Neurosurgery4, Beth Israel
Medical Center, New York, NY.20

As of September, 1997, 34 glioblastoma multiforme patients
received boron neutron capture therapy (BNCT) under several treatment
protocols at the Brookhaven Medical Research Reactor (BMRR). BNCT
is based on the nuclear capture reaction that occurs when a stable
isotope of boron (10B) is irradiated with low energy neutrons to yield
high-LET a particles and 7Li ions by the 10B(n,=E0)7Ii reaction.
Unlike conventional radiation therapy, the selectivity of BNCT depends
on the boron delivery agent The success of BNCT depends upon
the presence of a minimum of 10B atoms (109 atoms/cell) and
a sufficient fiuence of thermal neutrons (1012-1013 n/cm2) to tumor
cells. To fulfill this requirement in patients with deeply located tumors,
two-field irradiation is employed because of the rapid attenuation of
the thermal neutrons in tissue and the limitation imposed by
the radiation tolerance of the normal brain. The objectives of dose
escalation studies at the Brookhaven National Laboratory (BNL) are: 1.
To determine a safe starting dose for BNCT using epithermal neutrons
and BPA-F; 2. To evaluate adverse effects of BNCT at this starting dose;
3. To evaluate the therapeutic effectiveness of this starting BNCT dose
in patients with glioblastoma multiforme (GBM). The patients received
250 or 290 mg/kg BPA-F as an intravenous infusion over 2 hours just
prior to exposure to the epithermal neutron beam at BMRR operating at
2 or 3 MW. Selection criteria for the study included patients with
histologically confirmed GBM, unilateral tumor less than 6 cm from the
scalp, age 18 years of age or older, and Karnofsky Performance Status
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(KPS) higher than 70. Other eligibility criteria included no history of
phenylketonuria, no pacemaker, metal prosthesis or metal implant in
the head and neck region and no prior radiation therapy to the brain,
no prior immunotherapy and/or systemic or intrathecal chemotherapy.
Treatment planning was performed with a Monte Carlo based 3-D
treatment planning software developed at theldaho Engineering and
Environmental National Laboratory. The tumor volume was defined as
the contrast-enhancedvohime evident on CT or MRI images. The target
volume is defined as the tumor volume plus a 2 cm margin. The dose is
expressed in Gray-equivalent (Gy-Eq). The following biological
effectiveness factors are employed: 1.0 for gamma, 3.2 for high-LET
beam components, and 1.3 and 3.8 for boron neutron capture products
in the normal brain and tumor tissue, respectively. The absolute peak
dose is defined as the maximum Gy-Eq dose to a 1 cm3 volume (a single
voxel in the treatment planning software).

From September 1994 to February, 1996, 15 patients were
treated at 2 MW reactor power using an 8 cm collimator and single-field
irradiations. Eleven of them received an average peak brain dose of
10.6 Gy-Eq (range 103-10.9) with an average brain dose of 2.2 Gy-Eq
(range 1.9-2.6), and four received average peak brain dose of 12.9 Gy-Eq
(range 12.0-13.8) with an average brain dose of 2.4 Gy-Eq (range 2.2-
2.4). The median minimum tumor dose for all 15 patients was 26 (range
20-35), and the median minimum target dose was 12 (range 8-17). These
patients had a median post-BNCT follow-up of 10 months with a range
of 22 to 21 months as of 8/31/97 and a median survival of 14.7 months
(range 3.1 - 2.4) post-histopathological diagnosis. The median survival of
these patients compares well with that of comparable GBM patients
treated with routine radiotherapy and chemotherapy, 10.8 months. Out
of these 15 patients 1 is alive and without evidence of recurrence at
19 months post-BNCT. Apart from alopecia, transient lymphocytopenia
and mini-mum transient erythema of the scalp, no other acute side
effects were seen. Fifteen patients were treated under the current
protocol at 3 MW reactor power using an 12 cm collimator. Eight of
these patients were treated with a single field and received an average
peak brain dose of 12.6 Gy-Eq (range 12.2 - 12.8) with an average brain
dose of 3.5 Gy-Eq (range 32 - 4.1). Seven of these patients, with
significantly deeper and larger tumors, were treated with double-field
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irradiations and received average peak brain dose of 12.4 Gy-Eq (range
12.0 - 13.0) with an average brain dose of 4,7 Gy-Eq (range 4.4 - 5.3).
The average minimum tumor dose for all 15 patients was 32 Gy-Eq
(range 18 - 43), and the median minimum target dose was 19 Gy-Eq
(range 15 - 22). These patients had a median post-BNCT follow-up of
8 months with a range of 4.4 to 11.6 months as of 8/31/97. The follow-up
in majorily of these patients is too short to compare the outcome of
the current protocol with that of routine radiotherapy and chemotherapy.
Acute side effects observed in the patients that were treated under this
protocol depended not only upon the radiation dose but also on
the irradiation geometry and, apart from alopecia, transient
lymphocytopenia and minimum transient erythema of the scalp included
seen in all cases, included: transient protitis, otitis externa and oral
thrush. Four patients were recently treated at 3 MW using 12 cm
collimator but with the BPA-F dose increased from 250 mg/kg to
290 mg/kg body weight This allowed the delivery higher minimum tumor
and target doses in the ranges 3 6 - 5 1 Gy-Eq and 25 - 34 Gy-Eq,
respectively, while keeping the normal brain doses virtually unchanged.
Our studies are the first contemporary series of BNCT in brain tumors
using an epithermal neutron beam. The primary objective was to
evaluate the feasibility and safety of a single fraction of BNCT.
No significant side effects from the BPA-F infusion or BNCT treatment
were observed in the normals brain, which proves that delivered doses as
per protocol were safe and supports the assumptions used in dose
calculations for normal brain structures.
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BRAIN TOLERANCE IN DOGS TO BORON NEUTRON CAPTURE
THERAPY WITH BOROCAPTATE SODIUM (BSH)

OR BORONOPHENYLALANINE (BPA)
R. Huiskamp
Netherlands Energy Research Foundation, Petten, The Netherlands

With the development of epithermal neutron beams for boron
neutron capture therapy (BNCT) of brain tumors through the intact skin
using borocaptate sodium (BSH) or boronophenylalanine (BPA) as
boron compounds, studies in large animals on the late effects in critical
normal tissues are necessary. Currently there are 3 large animal normal
tissue tolerance BNCT programs: a) the WSashington State University
group using the Brookhaven Medical Research Reactor (BMRR) and
BSH in retriever type dogs (n=44), b) the European Community (EC)
sponsored group at Petten using the High Flux Reactor (HFR) and BSH
in beagle dogs (n=38) and c) The Brookhaven National Laboratory
group using the BMRR and BPA in beagle type dogs (n= 12). Dogs were
irradiated using a 5*10 cm single portal centered over the right
hemisphere of the dog brain at the BMRR and an 8 cm diameter single
portal centered over the brain at the HFR.

The irradiation effects on the central nervous system (CNS) in
all irradiated dogs were categorized in no effects, magnetic resonance
imaging (MRI) detectable lesions with or without neurological
symptoms. Using BMRR-only-irradiated skin-reflected labradors the
RBE for recoil protons from fast neutrons and nitrogen capture was
estimated to be 3.3. Using animals showing a CNS response and
comparing them with historical data for X-rays, compound factors (CF)
equal to 0.27 and 0.49 (MRI changes) and 037 and 0.55 (neurological
symptoms) were calculated for BSH with the BMRR and the HFR resp.
The CF for BPA was estimated to be equal to 1.1 for MRI changes and
lethal changes. Using the derived factors, equivalent dose-response
curves were made using all 94 dogs allowing a good description of
equivalent dose versus MRI lesions or neurological symptoms as
endpoint.
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RADIOBIOLOGY AND CLINICAL APPLICATION OF
UNCONVENTIONAL NEUTRON BEAM

- THE KRAKOW EXPERIENCE
J. Huczkowski1"2, J. Skolyszewski2, B. Lazarska1, E. Byrski2, A. Cebulska-
Wasilewska1, A. Gasinska2

1 Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow,
Poland
2 Centre of Oncology, Gamcarska 11, 31-117 Krakow, Poland

Neutrons obtained in classical U-120 cyclotron through the
reaction 12.5 MeV deuterons on a beryllium target have been used in
Krakow for cancer therapy since 1978. The physical parameters of the
beam differed from any other beam applied for this purpose in the
world.

Krakow beam had the smallest mean neutron energy (only 5.6
MeV), the smallest dose rate (only 8-12 cGy/min n + y), and the
smallest y-component (5-7% of the total dose at 1 cm depth in water
phantom for 10x10 cm2 field). The total dose was reduced by 50% from
mentioned above reference point at the distance of only 8.3 cm. And this
value was also the smallest among all cyclotron beams being in clinical
use.

It was expected that due to the smallest mean neutron energy -
Krakow beam would have the highest RBE.

All radiobiologjcal investigations performed on this beam by
many authors using various animal and plant model systems (gut, bone
marrow, skin and B-spermatogonia in the mouse, human blood
lymphocytes, Tradescantia cells) has generally proved this early
assumption.

Basing on this data, and using the Hammersmith Hospital
experience (where physical parameters of the clinical neutron beam were
the nearest to Krakow beam) the first treatment schedule for the head
and neck cancer patients was determined to start radiotherapy in 1978. It
was: 1320 cGy (n,y) total dose given in 20 fractions over 4 weeks.

Due to the very small dose rate and y-component of Krakow
beam - and in consequences - very small fractionation effects expected it
was ideal for the application of short course of treatment (Skofyszewski,
Fowler, Huczkowski, 1988).
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Radiobiological studies performed with the use of the early
radiation damage of mouse skin and gut also proved this assumption.

Following Ihese data the treatment schedule applied in Krakow
changed from 1320 cGy (n,y) total dose given in 20 fractions (4 weeks)
to 1000-1200 cGy (n,y) in 10 fractions (2 weeks) from October 1986, and
1000-1300 cGy (n,y) in 5 fractions (5 days) from April 1987.

However Krakow cyclotron was available for the clinical use
only 3 months/year, and only superficially located tumors could be
treated due to the poor penetration of the beam, thus between 1978 and
1993 - only 426 patients were treated. Most of them with advanced head
and neck cancer - some also with inoperable local recurrence of breast
cancer after radical mastectomy.

We present the summary of the results of neutron cancer
therapy in Krakow. The obtained conclusions are consistent with those
given in recommendations of the International Conference "Neutrons in
cancer therapy" (Cambridge, 1-3Ji. 1992): for some categories and
localizations of tumors - neutron therapy could seem to be worthful and
recommended.
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THE EFFECT OF PGEj, GASTRIN AND CCK-8 ON
POSTIRRADIATION RECOVERY OF SMALL INTESTINE

EPITHELIUM
M. Dziekiewicz, K. Chomiczewski, H. JaWon ska
Military Institute of Hygiene and Epidemiology
Department of Radiobiology and Radiation Protection,
ul. Kozielska 4, 01-163 Warszawa, Poland

The role of some natural factors in the postirradiation recovery
of intestinal epithelium is a very interesting and inscrutable problem. In
our experiment the comparative effect of PGE2, Gastrin and CCK-8
fragment of Cholecystokinin on this problem has been investigated. Male
Swiss PZH mice 8 weeks old were irradiated to the whole body with a
dose of 5.5 Gy and to the abdomen with a dose of 12 Gy of gamma rays.
The first experimental group received PGE2 before 30 min. irradiation,
the second received Gastrin after irradiation during 5 days, the third was
injected with CCK-8 after irradiation during 5 days too. Unirradiated
and only irradiated animals served as controls groups. Survival of 30
mice in every group was registered during 30 days after irradiation. The
another part of animals in every group were killed 1 and 12 days after
irradiation. Changes in the body weight were registered. Using computer
image analysis system, some histological slides were examinated, adding
the statistical analysis of results. The preliminary results suggest that all
those factors are able to stimulate the postirradiation regeneration of
small intestinal epithelium.
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HOW WE CAN IMPROVE RADIOTHERAPY RESULTS
OF MALIGNANT TUMOURS ?

A. Gasinska
Laboratory of Radiation Biology, Centre of Oncology, Gamcarska 11,
31-117 Krakow, Poland

Radiotherapy is given to at least 50 % of cancer patients either
as a curative or palliative treatment. Improvements in local control of
tumours should lead to more cures. However, the effectiveness of radio-
therapy is limited by both physical and biological parameters. Three of
the most important biological parameters are considered to be prolifera-
tion rate, intrinsic radiosensitivity and hypoxia. The former is thought to
be a major problem in what is considered to be conventional treatment
schedules and the latter confers resistance to tumour cells treated by
radiation. The clinical relevance of these parameters is currently
receiving considerable attention. Results of clinical studies have shown
that radiotherapy results and acute and late normal tissue reactions in
patients treated with identical dose and fractionation schedule vary
considerably. This is caused by significant variation in normal cell
radiosensitivity among individuals and different radiation tolerance of
individual normal tissue. It has also been shown that within a single
histological tumour type a considerable variation exists in cell kinetics,
cellular radiosensitivity and percentage of hypoxic cells which may
correlate with tumour radioresponsiveness. Knowledge of each of these
parameters could provide clinicians with relevant information to select
appropriate treatments. The thymidine analogue, bromodeoxyuridine
has been used with success to measure tumour cell proliferation in vitro
and in vivo. For patients with fast proliferating tumours an accelerated
treatment schedule is suggested, as fast tumour proliferation may be
associated with greater repopulation potential and a greater risk of
failure with protracted treatments. Fibroblasts or lymphocytes are used
for measuring normal tissue radiosensitivity in vitro. Radiosensitivity
assessment would allow for identification of patients with greater or less
than average risk of complications and allow for adjusting the prescribed
radiation doses. A novel nitroimidazole conjugated to theophylline
(N1TP) has been synthesised which can be used to recognise hypoxic
cells in vitro and in vivo. For patients whose tumours show significant
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hypoxia, incorporation of radiosensitizers, carbogen breathing or
application of bioreductive drugs is suggested.
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THE HADRON RADIOTHERAPY CENTRE PROJECT
AT THE INSTITUTE OF NUCLEAR PHYSICS IN KRAKOW

M.P.R. Waligorski w , P. Olko 1

1 Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow
2 Centre of Oncology, Krakow Division, ul. Garncarska 11,
31-117 Krakow, Poland

The aim of the Project is to establish in Krakow a modern
centre of radiotherapy which would exploit beams of protons and
neutrons (i.e. hadrons) produced by the AIC-144 isochronous cyclotron
of the Institute of Nuclear Physics in Krakow. The Centre of Hadron
Radiotherapy created as a result of this Project would be the only centre
in Poland in which clinical work in this area would be carried out This
centre would satisfy national needs for treating ocular melanoma and
clinically indicated fast neutron radiotherapy, and produce selected
medical radioisotopes. The Centre would also offer research and training
opportunities to teams of physicians, physicists, biologists and engineers
and allow them to actively develop modem techniques of treating cancer
in close cooperation with laboratories abroad. We are presently
adjusting the AIC-144 cyclotron at the Institute of Nuclear Physics in
Krakow to produce beams of 60 MeV protons and 30 MeV fast
neutrons, and seeking funds to equip the proton ocular therapy and fast
neutron radiotherapy facilities, in order to treat about 300 patients a
year, to produce selected medical radioisotopes and to provide about 50
research staff with research opportunities. We believe that establishment
of the Hadron Radiotherapy Centre at the Institute of Nuclear Physics in
Krakow is justified by the many years' clinical and research experience of
the teams engaged in this Project and especially by the fact that for
almost twenty years neutron radiotherapy and ocular brachytherapy have
been carried out in Krakow, that the main accelerator infrastructure
already exists, significantly easing the financial burden of creating this
Centre, and that the siting of the Institute of Nuclear Physics in Krakow
is convenient for out-patient treatment

The present status of the Hadron Radiotherapy Centre Project
will be presented.
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APPLICATION OF THE COMET ASSAY FOR MONITORING
DNA DAMAGE IN WORKERS PROFESSIONALLY AT RISK OF

EXPOSURE TO LOW DOSES OF IONIZING RADIATION
M. Kruszewski 1, M. Wojewodzka i, T. Iwanenko \ A.R. Collins 2

1 Inst. Nucl. Chem. & Technol., 03-195 Warszawa, Dorodna 16, Poland
2 Rowett Research Institute, Aberdeen, UK

DNA breakage in lymphocytes from the people exposed to
chronic low dose irradiation was examined (altogether 49 individuals).
Age, smoking habit, work-related exposure to hazardous agents, use of
therapeutic drugs were registered. For each individual the occupational
radiation burden received in the past period of 5 years was taken from
the official personal records based on film dosimetry controlled every
month. A matched group of controls was chosen among the administra-
tive employees (40 individuals). The mean age of the studied population
at the time of blood sampling was 50 years (range 24-69). The individu-
als were divided into groups according to risk of exposure, sex and
smoking habit. We compared the mean tail moments and % of DNA in
the tail without enzyme treatment, with ENDO III or FPG treatment in
tested groups.

There was a significant difference between the control and
hazard groups without enzyme treatment but the level of oxidative
damage was the same in both groups. Higher DNA damage was also
found in for men than for women. There was no relation of DNA
damage to age and smoking habit notwithstanding the enzyme treatment.
Additionally, analysis of distributions of tail moment values pointed to a
considerable individual diversity even in the control group.
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APPLICATION OF TSH BIOINDICATOR FOR STUDYING
THE BIOLOGICAL EFFICIENCY OF NEUTRONS FROM

CALIFORNIUM-252 SOURCE
J.K. Kim,1 K. Rekas2, A. Cebulska-Wasilewska2

1 Korea Atomic Energy Research Institute, Taejon, Korea
2 Institute of Nuclear Physics, Krakow, Poland,

The effectiveness of neutrons from Californium-252 source in
the induction of various abnormalities in the Tradescantia clone 4430
stamen hair cells (TSH-assay) was studied. The special attention was
paid to check whether any enhancement in effects caused by process of
boron neutron capture is visible in the cells enriched with boron ion in
the range and irradiated with neutron of energies available in the
exposures. Two chemicals (borax and BSH) were applied to introduce
boron-10 ions into cells. Inflorescence, normal or pretreated with
chemicals containing boron, were irradiated in the air with neutrons
from isotopic 252Cf source at KAERI, Taejon, Korea. To estimate
the relative biological effectiveness (RBE) in the induction of gene
mutations, Tradescantia inflorescences, without any chemical
pretreatment were also irradiated with various doses of X-rays. The
radiation doses were 0 - 0.1 Gy in the case of neutrons and 0 - 0.5 Gy
in the case of X-rays. After the time needed to complete the repair
irradiated cuttings were transferred to Krakow, where gene and lethal
mutations, cell cycle alterations in somatic cells were screened, and dose
response relationships were figured. The RBE values were estimated in
the range of 4.5 - 10 depending on the endpoints. In the plants
pretreated with boron the alteration of RBE were observed from 6.8 to
7.8 in the case of 240 ppm of B-10 from borax, and 4.6 to 6.1 in the case
of 400 ppm of B-10 from BSH. The results showed a slight increase in
biological efficacy of Cf-252 radiation in boronated cells, although its
statistical insignificance was partly caused by sparse data.
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COMPARISON BETWEEN CYTOGENETIC DAMAGE INDUCED IN
HUMAN LYMPHOCYTES BY ENVIRONMENTAL CHEMICALS

OR RADIATION
A. Cebulska-Wasilewska
Environmental and Radiation Biology Department, INP, Radzikowskiego
152, 31-342 Krakow, Poland

Chemical carcinogens have the ability to initiate the
carcinogenic process by genotoxic and mutagenic mechanisms. Benzene
is considered to be a human carcinogen, is clastogenic to rodents and
humans, and it affects the immune response. The amount of benzene
and the member at benzene related compounds in the environment is
constantly increasing. Workers in various industrial plants, particularly
those in petroleum plants, are exposed to benzene and benzene related
compounds as a result of various activities in which benzene is processed,
generated or used. Blood samples from twenty-four workers from
petroleum plants, 35 unexposed controls, and 31 untreated lung cancer
patients of a similar socio-economic status and from the same region in
Poland were examined for cytogenetic effects, and for any relationship to
confounding factors (e.g. smoking habit, sex, family cancer history and
seasonal influence) [1]. Peripheral blood was examined for chromosome
aberrations (CA), sister chromatid exchanges (SCE), high frequency cells
(HFC) and proliferative rate index (PRI)- The results were analyzed by a
t-test, and multivariate analysis of variance. Results show that the
occupationally exposed group had statistically significant increases in CA,
and the percentage of aberrant cells. Smoking was found to affect
statistically significant levels of CA, percent age of aberrant cells, SCE,
HFC. The unexposed groups also showed increases caused by smoking
and season. The non-smoking group also showed significant increases in
cytogenic damage with the exposure. The results received in the study of
cancer patients group showed that all types of CA (including and
excluding gaps), the percent age of aberrant cells, SCE, HFC were
statistically significantly higher in cancer patients than in healthy donors.
AH major chromosome aberration parameters differed significantly
between smokers and non-smokers. In the groups under the study an
multivariate regression analysis confirmed a significant casual association
between cytogenetic damage and exposure to benzene related
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compounds. Our data showed also a possible association between
cytogenetic damage and cancer. We investigated the cytogenetic damage
in the blood from people who were suspected to be accidentally exposed
to gamma radiation. To estimate the absorbed doses, we have analyzed
lymphocytes from their blood for the presence of unstable chromosomal
aberrations. We have estimated the absorbed doses resulting from the
suspected exposures on the base of previously obtained in vitro the dose
response curves [2j. A possibility of radiation exposure of the one person
was excluded on the base of aberrations rate and the results of the
additional analysis of sister chromatid exchange (SCE), suggesting an
exposure to chemicals. Levels of various types of cytogenetic damage
observed among people from refference and petroleum plants workers
groups are similar to the levels of damages detected in the blood of
people suspected of the accidental exposure to a radiation source.
Our results bring a proof that health hazard from radiation exposure
in the perception of the public is often overestimated in contradistinction
to the environmental hazard.
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MICRONUCLEUS ASSAY IN LYMPHOCYTES OF HEALTHY
DONORS AND CANCER PATIENTS

D. Slonina, A. Gasinska
Laboratory of Radiation Biology, Centre of Oncology, Garncarska 11,
31-117 Krakow, Poland

The purpose of the study was to evaluate the usefulness of the
cytokinesis-block micronucleus (MN) assay in assessment of radio-
sensitivity of lymphocytes in cancer patients.

Lymphocytes from 15 cervical cancer patients, 21 head and neck
cancer patients, 7 lung cancer patients and 19 healthy donors were
analysed using MN assay. The proportion of BC in cancer patients
ranged from 22% to 56% and was significantly lower than in the control
group (38-68%). MN frequency assessed 5 times over period of 6 months
in 4 healthy donors showed that the inter-individual variation was
significantly higher than intra-individual. Before (0 Gy) and after
irradiation (2 Gy, 4 Gy) no statistical differences in the mean number of
MN/BC were observed between healthy donors and cancer patient
groups. Nevertheless, statistical cluster analysis allowed to divide each
group of donors into radioresistant and radiosensitive subgroups of
patients. They showed significantly different dose response. Separate
comparison of the mean MN frequency within all examined radio-
resistant and radiosensitive subgroups, showed statistically significant
differences only after a dose of 4 Gy. At this dose, the lung cancer
patients and cervical cancer patients from radiosensitive subgroups
presented significantly higher radiosensitiviry than the healthy donors.
However, healthy donors from radioresistant subgroup did not differ
significantly from cancer patients.

This work has shown a high variation in inter-individual
radiosensitivity of donors and suggests the possibility to identify
radiosensitive patients on the basis of MN assay performed on
lymphocytes.
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RBE OF VARIOUS ENERGY NEUTRONS ASSESSED FROM
CHROMOSOME ABERRATIONS INDUCED IN HUMAN BLOOD

LYMPHOCYTES
A. Cebulska-Wasilewska1, A. Wierzewska1, E. Kasper1, R. Huiskamp2

1 Radiation and Environmental Biology Department, Institute of Nuclear
Physics, ul. Radzikowskiego 152, 31-342 Krakow, Poland
2 Radiobiology Laboratory ECN Petten, the Netherlands.

Unstable chromosome aberrations in human blood lymphocytes
irradiated in vitro were used for an estimation of the relative biological
efficiency of two neutron sources. Fast neutrons obtained from a nuclear
reaction at U-120 cyclotron in Krakow and fission neutrons from Large
Flux Reactor in Petten (The Netherlands) were compared. To compare
relative biological efficiency of those sources, the X-ray dose
response-curve was also obtained. Chromosome aberrations were
analyzed in the first postirradiation metaphase, and their dose response
curves were fitted to the linear quadratic equation. The maximal RBE
value calculated from the ratio of alpha terms of these relationships was
in the range of 2.4 to 8.1 in the case of 5.6 MeV neutrons and 4.4 to
16.6 in the case of fission neutrons, depending on cytogenetic damage
taken as the endpoint for RBE calculation. Most of the cytogenetic
endpoints displayed no quadratic regression coefficient after fission
neutrons and very low value for 5.6 MeV neutrons.
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STUDIES ON THE KINETICS OF DNA DAMAGE INDUCTION
AND REPAIR IN HUMAN LYMPHOCYTES BY VARIOUS LET

RADIATION
W. Niedzwiedz, A, Cebulska-Wasilewska, D. Nowak
Radiation and Environmental Biology Department, Institute of Nuclear
Physics, Radzikowskiego 152, 31-342 Krakow, Poland

The aim of this research was to evaluate the kinetics of
the DNA damage repair after exposure to different types of radiation.
The technique applied in the following study was a single cell gel
electrophoresis (SCGE), also known as the Comet assay. Freshly isolated
lymphocytes from the whole blood of a young and healthy male subject
(suspended in RPMI 1640 with a supplement of 15% calf serum) were
exposed to various doses of high LET neutrons from 2S2Cf and low LET
y-rays from *°Co sources. The data for human lymphocytes irradiated
with neutrons_and_y-rays present linear and linear-quadratic dose
response relationships for neutrons and gamma rays respectively. In
order to estimate the repair efficiency, cells which had been irradiated
with a certain dose were incubated at 37°C. The kinetics of the DNA
rejoining was investigated through an estimate of the residual damage
after various times of post-irradiation incubation (5, 10, 15, 30 and 60
min). The percentages of the DNA in the comet tail and DNA tail
moment were measures used for the evaluation of the DNA damage. It
was observed that after 1 h repair the DNA damage induced by both
gamma and neutrons had been significantly reduced. In the case of y
irradiation within first 15 min of post-exposure incubation, the tail
moment decreased to about 70% of the initial damage. After the
following 15 min most of the damage was repaired. In the cells irradiated
with neutrons, within first 30 min the tail moment decreased to 50%.
One hour after the irradiation 20% of residual DNA damage was still
observed. The level of unrepaired DNA damage could represent double
strand breaks, which need a longer time for sufficient rejoining.
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CORRELATIONS BETWEEN DNA AND CHROMOSOMAL DAMAGE
INDUCED IN HUMAN LYMPHOCYTES

D. Nowak, W. Niedzwiedz, A. Cebulska-Wasilewska
Institute of Nuclear Physics, Krakow, Poland

In the following study SCGE assay (Comet assay) and classical
cytogenetics were applied to investigate the genotoxic effects of
environmental mutagens. Human peripheral blood lymphocytes were
used as a model, and the two methods were implemented to assess
genotoxic potencies of o-phenylenediamine and aminophenazines:
2,3-diaminophenazine and 2-amino-3-hydroxyphenazine on molecular
and cellular levels. SCGE assay was performed to elicit DNA damage
according to standard procedure by DAnderson et al. with our
modifications, and a cytogenetic analysis was carried out to evaluate
the frequencies of the unstable chromosome aberrations (dicentrics,
rings, acentric fragments and chromatid breaks), sister chromatid
exchange frequencies (SCE) and potential influence on cell cycle kinetics
(proliferative rate index, PRI). The treatment on the whole blood
and isolated lymphocytes applied to assess the induction of chromosomal
and DNA damage respectively, was performed at 37°C. For all tested
compounds, an exposure caused increase in DNA damage (reported as
Tail DNA and Tail Moment) and in chromosomal damage (reported as
the percentage of aberrant cells and SCE frequency) was observed under
the studied ranges of concentrations. Genotoxic effects were due to
the structure of the chemicals. The highest effect was observed for DAP;
in the case of o-PDA, substantially higher concentrations were needed to
induce DNA and chromosomal damage. The relationship curves made
for DNA and chromosomal damage revealed similar concentration-effect
dependence. The lower response observed for chromosomal aberrations
was due to the DNA repair processes occuring before the proliferation
of lymphocytes.
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LONG LIVED REMAINS OF CHERNOBYL FALLOUT IN POLAND
J.W. Mietelski
Environmental Radioactivity Laboratory, The Henryk Niewodniczanski
Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow,
Poland

Geographical distribution of the contamination of Poland with
the most active long-lived isotopes of Chernobyl fallout the 137Cs and
D4Cs were investigated by three independent teams [1, 2, 3, 4]. The
results presented on maps were consistent to each other in general
pattern: the highest activity (above 50 kBq/m2) in Opole region (Silesia,
south-central Poland), a little enhanced levels in north-eastern and mid-
eastern Poland, small activities in north-western, south-eastern and also
in the very north-eastern Poland. The average life-dose for a Pole,
obtained as a result of Chernobyl accident was estimated to be on the
level of 1 mSv [5].

The release of radionuclides from damaged fourth block of the
Chernobyl NPP lasted for ten days starting the 26* April 1986.
Radioactive plume over Poland was discovered during 27th and 28th of
April '86 [5]. However it is most likely, that first Chernobyl fallout
reached the very north-eastem part of Polish territory in the 26* April.
Radioacive particles of 20 jim diameter containing non-volatile isotopes
were supposed to be deposited there [6] from the high altitude plume
which was moving toward Scandinavia. Our results on the geographical
distribution of non-volatile long lived isotopes of Chernobyl origin
confirms this figure. The maximum deposition of alpha emitting
plutonium isotopes (23».23».2«>pu) of Chernobyl origin was estimated to be
equal 30 Bq/m2 [7], whilst on the rest of the country it not exceed 1
Bq/m2. In plant samples collected in given area the activity of '"Sr was
observed to be proportional to those of u7Cs. However, the average 137Cs
to *°Sr ratio in plants was equal to 2.9 in the very north-eastern Poland
and 53 in the rest of the country [8]. This suggests contamination of
Chernobyl-origin '"Sr in this area on the level of 1 or 2 kBq/m2. Forest
soil samples collected on this area showed [9] also traces of another
isotopes: 154Eu, 155Eu, " ^ C m and 24IAm (up to five times more then the
global fallout average from the rest of the country). Those non-volatile
isotopes were surely accompanied by other, short lived as ^Zr, ^
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141Ce, 144Ce, 109Ru, 106Ru etc. Reconstruction for the external dose
suggests [10], that on this area (contaminated with 137Cs only on the level
of 5 kBq/m2) the first year external dose was 15% higher then those
received in Silesia region, with ten times higher 137Cs contamination
level. This shows that averaging of the dose in the whole country scale
based only on radiocesium distribution can be misleading.
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RADIATION INDUCED NEOPLASTIC TRANSFORMATION
IN C3H10T1/2 CELLS: WHAT HAVE WE LEARNED

M. Kowalska
Central Laboratory for Radiological Protection, Konwaliowa 7,
03-194 Warszawa, Poland

The C3H10T1/2 cell line of mouse embryo fibroblaste (Reznikoff
et al. Cancer Res. 33.3231.1973) is widely used to study radiation induced
transformation of a normal cell in culture to a cell possessing the ability
to induce neoplasms in animals. Such transformation in C3H10T1/2 cells
occurs through at least a two step process (Kenedy and Little. Radiation
Re. 99.248.1984, Kennedy et al Nature 307.85.1984). The first step is
epigenetic and occurs in virtually all exposed cells. This postulated
epigenetic change is followed by a second rare event which may involve
genetic alteration. This second step results in phenotypic alterations
which distinguish neoplastically transformed C3H10T1/2 cell from their
normal counterpart. This alterations include the loss the contact
inhibition and cell to cell orientation with acquisition of the ability to
form in confluent cultures foci characterized by a piling up of cells in a
criss-cross pattern. Since cells isolated from these foci form a high
percentage of invasive fibrosarcomas in immunosuppressed C3H mice
(Reznikoff et al Cancer Res. 33.3239.1973), radiation induced neoplastic
transformation in C3H10T1/2 cells may be regarded as a simplified
model of the initial steps of radiation fibrosarcoma in rodents.

Neoplastic transformation of C3H10T1/2 cells can be induced by
doses as low as 0.01 Gy of X rays (Terzaghi and Little. Cancer Res.
36.1367.1976) and neutrons (Borek, Hall and Rossi. Cancer Res.
38.2997.1978). When exposure to neutrons is protracted or fractionated,
transformation of C3H10T1/2 cells may be enhanced in comparison to
acute exposure (Miller et at RadiaL Res. 114.589.1988, Brenner and Hall
Int. J. Radial. Biol 58.745.1990, Brenner and Hall Adv. RadiaL BioL
16.167.1992).

Below 1.5 Gy, the transformation frequency corrected for
survival of C3H10T1/2 cells is proportional to dose of the RBE value for
this end-point. For example, the RBE of tritium b rays for induction of
neoplastic transformation in the C3H10T1/2 cells was obtained to be
1.78=BIO. 11 (Kowalska. Nukleonika 41/3 47.1996).
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LUNG DAMAGE AFTER A COMBINED TREATMENT OF
FRACTIONATED IRRADIATION AND PENTOXIFYLLINE

(EARLY RESULTS)
J. Huczkowski1'2, S. Krasnowolski1, B, Janiszewska1, T. Janiszewski1, A.
Cebulska-Wasilewska1,
1 Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow,
Poland
1 Centre of Oncology, Garncarska 11, 31-117 Krakow, Poland

Local irradiation of mouse thorax followed by the measurement
of lung damage using the increases of breathing rate between 12 and 28
weeks after irradiation (due to pneumonitis) and after 30 weeks after
irradiation (late damage - due to fibrosis) was chosen as an end point.

Mice were irradiated without anaesthesia, using fractionated 250
kV X-irradiation, in special jigs constructed in Gray Laboratory (where
this animal model system was developed). Two fractionation schedules
were applied: 5 fractions in 5 days (total doses between 17.6 Gy and 24
Gy) and 10 fractions in 5 days (total doses between 22 Gy and 30 Gy).

From one month before irradiation - and continuing it during
the whole next period - to the drinking water pentoxifylline was added.
(For the arm of experiment: animals with pentoxifylline and irradiation.)
Second arm animals were irradiated without pentoxifylline.

The measurement of breathing rate was performed starting
14 weeks after irradiation.

The decrease of the breathing rate was observed in animals
treated by pentoxifylline and irradiated with 10 fractions, in the relation
to the groups only irradiated. It means, that in this case pentoxifylline
reduced the symptoms of the pullmonary radiation damage.
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RBE OF VARIOUS ENERGY NEUTRONS ASSESSED FROM TSH
ASSAY

A. Cebulska-Wasilewska1, M. Iitwiniszyn1, B. Palka1, I. Pawryk1 and
R. Huiskamp2

1 Radiation and Environmental Biology Department, Institute of Nuclear
Physics, Krakow, Poland
2 Radiobiology Laboratory, Joint Research Centre, Petten,
The Netherlands

Two highly radiosensitive clones of Tradescantia, clone 02 and
4430, were exposed to 250-kVp X-rays, 5.6 MeV neutrons from U-120
cyclotron in Krakow (Poland) and fission neutrons from High Flux
Reactor in Petten (The Netherlands). In Tradescantia stamen hair (TSH)
assay different biological endpoints were assessed and collected data
were used to construct dose-response relationships.

The maximum RBEs for both neutron sources were derived
from the ratio of linear component values of the fitted dose-response
curves. For gene (pink cells) and lethal mutations ( stunted hairs)
calculated RBE values were in the range of 4 to 20. Fission neutrons
proved to be more effective for gene mutation induction than 5.6 MeV
neutrons (2.5 times in case of clone 02 and 1.5 times for clone 4430).

Obtained data are discussed with other RBE studies in
Tradescantia and also with the results of parallel experiments performed
for chromosome aberration induction in human blood lymphocytes using
the same neutron beams.
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BIOLOGICAL EFFICIENCY OF EPITHERMAL NEUTRONS
ESTIMATED FROM GENE MUTATIONS IN TSH ASSAY

K. Rekas1, A. Cebulska-Wasilewska1, J. Capala2

1 Institute of Nuclear Physics, Krakow, Poland
2 Brookhaven National Laboratory, USA

The effectiveness of fission neutrons in the various
abnormalities in the Tradescantia stamen hair (TSH) cells of two clones
(4430 and 02) heterozygous for the color of flowers was studied. Dose
response relationships for gene and lethal mutations and cell cycle
alterations in somatic TSH cells assay were investigated for BNCT
therapeutical beam (mixed epithermal and fission neutrons) from the
Medical Research Reactor in the Brookhaven National Laboratory. The
aim of studies was also to check if it is possible to detect the difference
caused by boron-10 ion pretreatment in radiosensitive TSH cells. In
boronated cells alpha particles can be emitted in nuclear reaction
through the process of neutron capture in boron-10 atoms. Therefore,
alpha particles can give rise to an enhanced impact on surrounding
biological systems such as cells and cell organelles. The increase in
biological efficacy caused by boron neutron capture is of great
importance for its clinical application to cancer radiotherapy (BNCT).
Two chemicals p-borono-phenylalanine (BPA) and Na^jjHjjSH (BSH),
which are in use for BNCT therapy, were chosen to introduce boron-10.
Equal volumes (10 jil) of BPA or BSH were injected to each
inflorescence 24 hours before irradiation. To establish the RBE of the
MRC reactor beam in the induction of various biological end-points in
Tradescantia, irradiation with various doses of y-rays was also performed.
All plants after irradiation were cultivated several days in the BNL to
ensure a complete DNA repair. Then plants were transported to Poland
for screening the biological end-points. All plants showed high levels of
the lethal events and alteration of the cell cycle. Plants of clone 4430
were more sensitive, responded to the posttreatment conditions, which
resulted in decreased blooming efficiency that affected statistics. Slope
coefficients estimated from dose response curves allowed to evaluate the
maximal RBE values of the beam under the study versus y-rays as 1.7
and 1.4 for clones T-02 and T-4430 respectively. The comparison of
mutation frequencies that were induced in normal plants and those that
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were pretreated with chemicals containing boron-10 after irradiation with
the same external dose; showed statistically insignificant increase in
the gene mutation frequency in pretreated T-02 plants and no effects in
T-4430.
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