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FOREWORD 

One of the ways in which the Agency carries out its statutory function of 
encouraging and assisting research on the peaceful uses of atomic energy 
throughout the world is by awarding research contracts to individual scientists 
and institutions on subjects which are of interest both to the Agency and to its 
Members . Well over a hundred such contracts have been placed since 1958 
with institutions in more than thirty of the Agency's Member States. 

Naturally, research on nuclear subjects requires many years of work and 
only a few of the projects being carried out under Agency contract have so far 
been completed. It is the Agency's policy to encourage publication of the results 
of such work in the open scientific literature by the contractors themselves, 
since this is the most direct and speedy way of bringing the results to the notice 
of other scientists interested in the subject. Several reports have already been 
so published. 

The Agency is required to make any information resulting from work it 
sponsors available to its Member States. However, instead of publishing in full 
the final report submitted by each contractor on finishing his work and thereby, 
in effect, duplicating material already published elsewhere, it is intended to 
meet this requirement by the publication each year of extensive summaries of 
final reports received during the previous year. At the end of each summary, 
the reader will find a list of references to the scientific literature which he may 
wish to consult for more detailed information. 
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INTRODUCTION 

The present volume is the first issue of what will become a regular annual 
publication by the Agency. 

It contains summaries of the final reports on all those contracts which 
have expired before 31 December 1960 with a few exceptions : the Agency's 
participation in contracts Nos. 4 and 5 ended on 31 December 1960, but the 
contractors are continuing their work and will make available to the Agency 
any further results in the final reports which are expected to be received during 
the course of 1961; publication of the summaries of these reports has therefore 
been deferred until 1962. The final report on research contract No.7 has already 
been published by the Agency in full as document STl/DOC/lO/l. Under research 
contract No. 12 support was given to a meeting of a working group on oceanic 
radioactivity of the Special Committee on Oceanic Research of the International 
Council of Scientific Unions; the terms of this contract did not provide for the 
submission of a final report. 

In every case, the summary of the contractor's final report has been pre-
pared by that member of the Agency's scientific staff who has been closely 
connected with that particular subject of research. Thus, the scientific data 
reported in the summary remain the responsibility of the contractor, the Agency 
being responsible for any additional observations. 
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RESEARCH CONTRACT No. 16 

Title 

The investigation of electrophysiological responses of biological systems, 
in particular of nerve cells, to irradiation with small doses of X-ray and other 
types of ionizing radiation. 

Research institution 

Institute of Pharmacology, University of Vienna, Austria. 

Principal scientific investigators 

F. Briicke, O. Kraupp, B. Pillat and P. Heistracher. 

Period of the contract 

The contract was concluded on 1 June, 1958; renewed first on 1 January, 1959 
for a period of one year and again on 1 January,i960 for an additional six months. 
The total period of the contract was thus two years and one month. 

Background 

The results of some of the recent radiobiological studies have shown that 
different species of avertebrated Metazoa reacted with a distinct reflex reaction 
in an as yet unclarified way to relatively small doses of ionizing radiation. It 
became a working hypothesis that the effect on the nervous receptors or excit-
able tissue might warrant a new approach to the study of an immediate and low-
level radiation effect. A reproducible quantitative reaction of that type would be 
of great importance for assessing individual radiation sensitivity and conse-
quently the risk of radiation. 

Different hypotheses of the mechanism of the immediate radiation effect 
on excitable tissue had to be tested. One of the possible assumptions was that 
radiation primarily disturbed the functional bioelectrical characteristic of nerve 
or muscle cell membranes. By employing electrophysiological methods this 
assumption was to be analytically tested. A contribution to this study was carried 
out under research contract No. 2 . 

Experimental part 

I. Experiments on frog sartorius muscle. 

Material and method 

Frog species Rana esculenta and Rana temporaria having an average weight 
of 35 g were used. Carefully dissected sartorius muscle was fixed in a plastic 
chamber and the tendinous end was connected with the mechanical recording 
system. A constant flow of oxygenated Ringer-solution through the chamber 
was maintained during the experiment. The resting and action potentials were 
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measured with intracellular microelectrodes connected to a cathode follower 
and recorded on an oscilloscope. Muscle tension was registered with a mechano-
electrical transducer tube and recorded by one of the beams of the double-beam 
oscilloscope. Electric stimulation (square pulses 1 msec, 2 - 5 V) was provided 
by a Grass Stimulator. 

X-irradiation was performed with a Dermopan X-ray apparatus (Siemens-
Reiniger) operated at peak voltage 50 kV and 25 mA ; dose-rate varied between 
2.5 and 80 kr/min. The tube had a beryllium window and generally no other 
fi lter was used. All figures of doses and dose-rates correspond to the incident 
exposure of unfiltered radiation at the surface of the specimen or at the surface 
of Ringer-solution. The absorption in the layer of the solution was less than 5%. 

Results 

The alternations of the resting potential after X~ irradiation were examined 
in 30 experiments. The changes were continuously recorded during the exposure. 
The dose range was up to 1 000 kr. The statistical evaluation of the relation 
between the change in resting potential and total accumulated radiation dose 
indicated that the resting potential decreased by about 1 mV for about 160 kr of 
total radiation dose. This observed influence on the potential difference caused 
by radiation could be qualified as very small. With radiation doses below 200 kr 
the potential difference lay within the limits of error and was not significant. No 
significant difference was found between the effect of the dose-rate of 4 kr/min 
and the effect of dose-rate of 80 kr/min. 

The effect of X-rays on the electrical and mechanical activity of stimulated 
frog sartorius muscle was examined in 30 experiments. The stimulation f re-
quency was one pulse of 1 msec every minute or every five minutes. No changes 
of the action potential could be detected after doses as high as 600 kr. The 
mechanical tension of the sartorius muscle was not influenced by radiation doses 
up to 500 kr. Doses between 600 and 1 000 kr had to be applied to produce a 
significant decline of the amplitude of the contraction. 

II. Experiments on the heart muscle fibers of a cat. 

Material and method 

Papillary muscles were dissected from the right ventricle of the heart of a 
cat sacrificed in ether anesthesia. Only thin papillary muscles with parallel 
fibers and without spontaneous rhythm were used. The muscles were kept in an 
oxygenated Tyrode's solution at pH 7.3 and temperature 37°C. The recording 
system was essentially the same as described above. The muscles were sub-
jected to a rhythmic stimulation with pulses of 0. 5 to 2 msec duration and of a 
voltage from 2 - 10 V at a rate of 85/min. The following parameters were 
determined: membrane resting potential, membrane action potential, over-
shoot, rising phase of the action potential, repolarization time and mechanical 
tension. The stability of all parameters was found satisfactory over a period of 
several hours following the preparation of the muscle. 

Results 

All values measured after irradiation were related to control normal values 
determined during the initial period of the experiment. No measurements were 
made during the exposure. 
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Radiation doses up to 240 кг gave no significant change of the measured 
parameters. After a dose of 345 kr the following changes were observed: a 
reduction in resting potential followed immediately the exposure and amounted 
on the average to 10- 12% of the mean control value. The change was reversible 
and the initial value was almost reached within one hour. Similar reduction 
was recorded in the shape and amplitude of the action potential. The effect on 
repolarization showed quantitatively greater percentual reduction, but was also 
reversible. The X-irradiation was followed in all experiments by a reduced 
mechanical tension which again gradually reverted to the initial value during 
the post-irradiation period. A radiation dose of 440 kr resulted in qualitatively 
similar changes to those described above, but the reversibility during the one-
hour observation period after irradiation was far less expressed. 

Conclusions 

In general the results demonstrated a high stability and insensitivity towards 
the irradiation of muscle fibers of frog skeletal muscle and of mammalian heart 
muscle.The good reversibility observed in heart muscle suggested that functional 
rather than structural changes were involved. Their explanation would require 
further experimental evidence. 

Papers published on work done under the contract : 

HEISTRACHER, P., KRAUPP O. and P ILLAT В., "Effects of X-irradiation 
on Papillary Muscle of the Cat", Nature 188, (1960) 413 

P ILLAT , В. and HEISTRACHER P., "Verânderungen von Leitungsgeschwin-
digkeit undLatenz am Papillarmuskel derKatze wâhrend des Refraktârstadiums" 
Pflügers Arch. 271, (1960) 564 
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RESEARCH CONTRACT No. 16 

Title 

Investigation on the mode of the protective action of certain sulfhydryl 
compounds against radiation effects on the synthesis of deoxyribonucleic acid, 
using tritium-labelled thymidine. 

Research institution 

Institute of Physiology, University of Vienna, Austria. 

Principal scientific investigators 

G. Schubert and J. Pany . 

Period of the contract 

The contract came into effect on 15 December 1958; after the first year 
it was renewed for a further 9 months and ended on 14 September 1960. The 
total duration of the contract was 1 year and 9 months. 

Background 

The discovery that certain chemical compounds, if administered before 
irradiation, are able to reduce the degree of radiation damage, has opened new 
methods in radiation biology, both theoretical and practical. The chemicals 
must be present in the living organism during the exposure in order to exercise 
their protective effect and they obviously interfere with the primary biochemical 
events within the irradiated tissue. Studies on the action mechanism of pro-
tective compounds can thus increase the fundamental knowledge of biochemical 
alterations occurring immediately after radiation exposure. From the practical 
aspect, the possibility of increasing preventatively an individual's radiation 
resistance can be of possible value in an emergency situation associated with 
an over-exposure which is of particular interest to the IAEA. It is clear that 
any rational approach to the increase in the effectiveness of radiation protective 
compounds requires a thorough understanding of the mechanisms of radiation 
protection. Great research effort is thus being justifiably devoted to fundamental 
studies on the action mechanism of radiation protection by chemicals. 

Chemical compounds with an active sulfhydryl group are known for their 
protective effect. Systematic investigations of the mode of their action have been 
started by analysing the protective effect of SH-compounds measured against 
the impairment of important physiological functions of an irradiated organism. 
Under research contract No.3 an examination of the mechanism was carried out 
by which SH-compounds protect the synthesis of deoxyribonucleic acid. DNA-
synthesis is a particularly radiosensitive metabolic function essential for the 
normal course of living organisms. 
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Experimental part 

Material and method 

Young guinea pigs (200- 250 g) or young rats (90- 120 g) of both sexes were 
kept under identical conditions of treatment and nutrition. The animals were 
irradiated in a cylindrical plastic cage rotating slowly longitudinally during the 
exposure. In all experiments whole-body irradiation was given; the dose range 
was between 800 r and 50 r. The parameters of the exposure: therapy apparatus 
190 kV, 20 mA, 2 mm Al +0 .5 mm Cu, 50r/min, focus distance 55 cm. 

Two, four, eight, and twenty-five hours after irradiation the animals were 
sacrificed by opening the carotides. Blood was collected and the serum sepa-
rated. Under sterile conditions bone-marrow was removed from the sternum 
and ribs and suspended in Tyrode's solution with 0.2% glucose content. After 
décantation and centrifugation the sediment was suspended in an incubation fluid 
containing 60% Tyrode's solution, 40% own blood serum and thymidine labelled 
with tritium (360 yuc/mmol) in a sample amounting to 1.5 yuc/ml. Bone-marrow 
from several animals was pooled in each sample and the number of cells always 
adjusted to approximately 5 x 105 per ml. The incubation was carried out for 
24 hours at 37° С. After carefully washing the radioactive free cells, a smear 
of the suspension was dried on a microscopic slide and covered with a very thin 
layer of gelatine in order to fix the smear during further operations. After 
fixation in 80% alcohol, a strip of f i lm ( Ко dak-type AR 10) was mounted over 
the preparation and stored in a special container in a refrigerator. The f i lm 
was exposed for four weeks, then developed and examined'unstained under a 
phase-contrast microscope. 

The evaluation was made from the following points: 
1. All nucleated cells and those with evident labelling were counted. The 

mitotic rate was thus estimated. 
2. The labelled cells were microscopically photographed, projected to a 

high resolution and the blackened silvergrains over each defined cell 
counted. The count can give a quantitative indication of the intensity of 
DN A- synth e s i s. 

3. A microscopic determination was made of the relative distribution of 
individual cell types in a simultaneously-prepared bone-marrow smear, 
stained according to Pappenheim. The statistical evaluation can indicate 
the distribution of the label among different cell types. 
Al l experimental results were evaluated in relation to an unexposed 
control series, which was observed simultaneously under identical 
conditions. 

Results 

A whole-body irradiation with 600 r without protection considerably di-
minished the rate of mitosis already 2 hours after exposure. The following 
table was compiled from numerous experiments : 

MITOTIC RATE IN % OF THE CONTROL VALUE 
AFTER 600 г TOTAL-BODY EXPOSURE 

Time After Exposure (h) 

2 4 8 25 

Guinea pigs 26.2 + 2.8 23.4 + 2.2 28.3 + 3.5 20.5+2.6 

Rats 25.4 ±3.1 22.2±3.2 24.8 + 2.2 13.5+3.1 
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The percentual distribution of the label showed that primarily stem cells, 
megacaryocytes, myeloblasts and myelocytes A had been damaged. Qualitatively 
identical changes were found after smaller doses down to 50 r. 

The effect of the following SH protective compounds was tested: Cysteine-
hydrochloride, neutralized to pH 7.2, in an amount of 500 mg/kg. 

fi-Aminoethylisothiuronium-chloride-hydrochloride (AET) at pH 6.0 - 6.5, 
in an amount of 150 mg/kg. 

The chemicals were administered intraperitoneal^ 15 minutes before the 
exposure. 

The protection of mitosis against 600 r is shown in the following table: 

MITOTIC RATE IN % OF THE CONTROL VALUE AFTER INJECTION OF 
SH-COMPOUNDS AND 600r TOTAL-BODY EXPOSURE 

Time After Exposure (h) 

Cystein 
2 4 8 25 

Guinea pigs 75.1 + 4.2 65.5 + 4.2 61.8 + 4.6 53.7 + 4.0 

Rats 65.7 + 6.3 66.6 + 5.4 58.8 + 4.7 53.2 + 4.9 

AET 

Guinea ̂ igs 67.7 + 2.3 71.3 + 1.9 58.3 + 3.5 57.3 + 2.4 

Rats 63.7 + 4.7 61.6 + 2.7 56.2 + 3.6 56.2 + 4.5 

The degree of the protection was found to be dependent on the dose level, 
but not in linear fashion. There is almost no difference within the dose range 
50- 200 r . It was further apparent that no complete protection could be achieved 
by SH-compounds even at the lowest dose level of 50 r. A decrease in mitotic 
rate and DNA-synthesis of 20 - 25% results from an exposure to such a low dose 
and must be attributed to damage of certain metabolic functions which cannot 
be completely protected. DNA-synthesis, as seen by the rate of incorporation 
of a labelled precursor (tritium thymidine), was also inhibited immediately after 
exposure. When protected with SH-compounds, the inhibition was markedly 
smaller. The recovery of DNA-synthesis was enhanced in protected samples 
and preceded the regeneration of mitosis. It suggests that mitosis and DNA-
synthesis are inhibited by two different mechanisms, but the regeneration of 
mitosis is contingent on the earlier recovery of DNA-synthesis. 

Conclusions 

Chemical compounds containing an active SH group were shown to diminish 
the quantitative alteration of DNA-synthesis and mitosis caused in bone-marrow 
cells by an exposure to X-rays in the dose range of 800- 50 r. Both processes 
were affected independently of each other, but the restoration of DNA-synthesis 
introduces the normalization of the mitotic process. 

Paper published on work done under the contract : 

PANY, J., "Zur Strahlenschádigung von DNS-Synthese und Mitose", Zeit-
schrift fiir Biologie HI, (1960) 410 - 420 
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RESEARCH CONTRACT No. 16 

Title 

Investigation and development of a new method of monitoring and dosimetry 
for low fluxes of fast neutrons, involving the use of a bubble chamber. 

Research institution 

Physics Institute, University of Trieste, Italy. 

Scientific investigators 

P. Budini, P. Bassi, G. Brautti and M. Ceschia. 

Period of the contract : 

The contract was in effect from 15 December, 1958 and extended on 
14 December 1959 until 10 November 1960. The total period of the contract 
was thus one year and eleven months. 

Background 

The elastic scattering of neutrons by hydrogen nuclei is the common type 
of reaction used for the detection and measurement of fast neutrons. In their 
passage through a hydrogenous medium, the fast neutrons transfer a large 
proportion of their energy to hydrogen nuclei. The resulting recoil protons 
produce ionization which can be detected with standard techniques ( for example 
by measuring the ion current in an ionization chamber). 

It frequently happens, however, especially in monitoring operations, that 
the neutron intensity has to be measured in the presence of a fairly high field 
of gamma radiation. In this case a gamma-ray compensation system should be 
provided by adding another ionization chamber filled with a gas sensitive only 
to gamma radiation. The differential reading of the ion currents from the two 
chambers gives a measure of the fast neutron density. As this differential 
system is unsatisfactory for use with low fluxes of fast neutrons, the IAEA 
found it desirable to support the development and construction of a clean-type 
bubble-chamber detector, after preliminary studies carried out by the contractor 
showed it to be a promising instrument for fast-neutron dosimetry ( Nuovo 
Cimento X, No. 6, pp. 1148 ff. ). 

Experimental part 

The bubble-chamber, which is commonly used in high-energy physics mainly 
to visualize the track of ionizing particles, can in fact, under particular con-
ditions, be used as a detector of weak fluxes of fast neutrons by simply re-
cording the frequency of the boilings due to the ionizing events. 

The body of the bubble-chamber is made out of a glass bulb of 10 cc volume. 
Both Pyrex and Nonex glass were used and proved satisfactory. The volatile 
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liquid ( diethyl ether, pentane or isopentane ) contained in the bulb is heated 
through a thermostatic system much above its boiling point. The pressure in 
the bulb is kept sufficiently high to prevent ebullition during the heating of the 
liquid and is then abruptly cut off, so as to leave the overheated liquid in a 
metastable state. 

If the chamber has been carefully cleaned and attention has ensured that 
the liquid used for the fillings is of the highest purity commercially available 
and properly de-gased, the liquid remains in the metastable state until an 
ionizing particle crossing the chamber causes a bubble to erupt inside the 
liquid. This event will start the violent ebullition of the liquid and the pressure 
in the bulb rapidly rises to that of saturated vapour. The metastable state can 
be re-established by restoring a pressure sufficient to recompress all the 
formed vapour in the bulb. The average duration of the metastable state is an 
inverse ratio function of the frequency of the ionizing particles which cross the 
chamber. By setting a right temperature, the chamber can be made insensitive 
to an elevated background noise of gamma-induced electrons and will reveal 
only recoil protons. 

Three thermostatic systems have been developed and proved to be satis-
factory : 

(a) A system using paraffin oil as a thermostatic liquid, which completely 
surrounds the bulb. The heating is provided by a resistor and is con-
trolled by means of a thermistor; 

(b) A system which lets the top of the bulb emerge from the heating liquid; 
the heating of the emerging part is provided by the vapour condensing 
on its surface. The temperature depends on the kind of liquid which is 
used; and 

(c) A third system using an aluminium body heated by a resistor, which is 
wound around the external surface of the body. The temperature is 
controlled by a thermistor and the thermal contact between the thermo-
static body, thermistor and bulb is provided by a thin layer of paraffin 
oil surrounding the bulb. 

Control equipment has also been developed, including a capacity manometer, 
an electronic chronometer for measuring the duration of the metastable phase 
and a timing circuit for automatic recycling. The chamber has been mounted 
on a wheeled rack, which also carries the auxiliary equipment and the gas con-
tainer for recompression. The height of the chamber can be varied between a 
certain range in order to explore neutron beams both horizontally and vertically. 

In addition to this model, a compact and completely transistorized portable 
bubble-chamber has been built. 

The experiments for the measuring of weak neutron fluxes were carried out 
by employing the wheel-mounted bubble-chamber. A Ra-Be neutron source was 
used giving 1.7 xlO4 neutron/sec of 4 MeV average energy and a Sb124-Be source 
using a SbCl3 isotope solution, with a calculated neutron output of 5.1 xlO2 neu-
trons/sec of 24 keV energy. A 1 mc Co60 gamma source of 1.17 - 1.32 MeV 
was also used to test chamber sensitivity to gamma radiation. A number of 
experimental data using these sources have been collected. 

The Sb-Be source proved too weak to give plottable results, since the 
difference between the source and background activities, while always positive, 
was of the same order of magnitude as that of the standard deviations. The 
results of the experiments with this source have therefore been tabulated in the 
following Figure. 
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Figure 

Comparative gamma and neutron efficiency in ether. 
Gamma efficiency curve (not drawn) has points marked 
with white triangles practically on background curve. 
(Neutron flux 1.7/4it neutrons/cm2 sec of 4 MeV gamma-
ray flux is that of 1 /ас source at 1 m distance). 

The Ra-Be source allowed the preparation of neutron efficiency curves and 
background curves in ether and isopentane for several temperatures between 60 
and 110° C. Comparative gamma and neutron efficiency curves in ether were 
also drawn with a neutron flux of 1.7/4tí neutron/cm2 x sec of 4 MeV energy and 
a gamma-ray flux of 1 yuc source at a one-meter distance. The gamma efficiency 
curve had points very close to the background curve. Other curves were ob-
tained by using a smaller pyrex bulb of 5 cc volume. 

An investigation was carried out on the variation of the sensitivity in 
different parts of the bulb, by using a focalized beam of neutrons. While a 
careful experiment was made rather uncertain by the difficulty in exactly 
locating the bulb hidden in the thermostatic apparatus, it appears f rom the 
results thai the region of. highest sensitivity is at the top of the bulb. 

Conclusions 

The chamber has been proved to have a high sensitivity to neutrons. In 
isopentane, neutron sensitivity begins at temperatures lower than in ether, 
allowing neutron measurements in a temperature region (60 - 68° С ) where 
background efficiency is practically negligible. 

The chamber is not sensitive to thermal neutrons, but is sensitive to 
24 keV neutrons, confirming theoretical provisions which place sensitivity 
threshold at a few kilo-electron-volts . 

In the temperature region below 110° С the chamber is sensitive to neutron 
fluxes, but practically insensitive to gamma radiation. The best operation 
temperature depends on the filling. Once the operation temperature is set and 
stabilized, the chamber can operate automatically. 
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RESEARCH CONTRACT No. 16 

Title 

Effects of incorporated radioisotopes upon the stability of genetic materials. 

Research institution 

Institute of Applied Microbiology, The University of Tokyo, Japan. 

Principal scientific investigator 

Yonosuke Ikeda. 

Period of the contract 

1 September 1959 - 31 August 1960. 

It was pointed out at the 6th Session of the United Nations Scientific 
Committee on the Effects of Atomic Radiation that studies on the effects of 
radioisotopes upon the stability of living organisms were of great practical 
significance to the problem of radiation hazard. The work reported here was 
carried out in response to this demand. 

Active phosphorus was incorporated into DNA - an essential component of 
genes - and its influence on the effectiveness of the DNA was studied. The DNA 
was of a form that when absorbed by the organism Bacillus subtilis it would 
cause the production of tryptophan - an essential amino acid. The strain of 
Bacillus subtilis used could not synthesize its own tryptophan and would not 
grow without it. The efficiency of the DNA and the effect of radioactive phos-
phorus upon it was judged from its effect on the growth of this strain of Bacillus 
subtilis. 

An enquiry was also made concerning whether the effect of radioactive 
phosphorus incorporated in the DNA was due to the transformation of the atom 
of P-32 to S-32 and consequent break-up of the molecule, or directly to the 
damage caused by the beta particle emitted. 

Experimental part 

DNA was extracted from the Marburg strain 116 of Bacillus subtilis, a 
strain requiring niacine for growth. The test strain was strain 160, which 
requires tryptophan for growth. The DNA extracted was stored in 70% alcohol 
at 4° С and was found to maintain its transforming activity over at least 
2 months. For use it was dissolved in 10% sodium chloride solution aq. The 
competent cells were prepared by culturing strain 160 on 0.1% yeast extract, 
followed by a second culture on 0. 01% yeast extract until no further increase 
was observed. For the transformation test about 108 cells of the recipient strain 
were exposed to 1 to 60 /ug DNA and, at intervals, aliquots were treated with 
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DNase. Plating was made on minimal medium and the numbers of colonies 
appearing were recorded as "numbers of transformants". 

To prepare active DNA the recipient strain was cultivated in the presence 
of 10 yuc/l of carr ier - f ree P-32. The DNA expected from this culture had 
0.28 atom P-32 per molecule DNA. The effect of radioactive phosphorus on 
stored DNA was marked. The transformation activity dropped to 10% in 5 days 
and 3% in 9 days when stored in 70% alcohol and to 25% in 5 days when stored 
in 10% sodium chloride solution. Throughout this period stable DNA maintained 
its transforming activity. Incorporation of the active DNA into the recipient 
cells differed from that of the inactive, suggesting that the DNA molecule had 
been damaged by the radioactive discharge. 

In order to distinguish between the possible transmutation and beta ray 
effects of the incorporated radioactive P, recipient cells were treated with a 
mixture of stable DNA and P-32. The loss in transforming activity of the DNA 
in this mixture was only 1/5 of that in DNA into which P-32 had been in-
corporated. It was concluded that inactivation was caused by a combination 
of the effects of transmutation, beta rays, and the solvent in which the DNA 
was stored. 

Conclusions 

This work has pioneered the way for more critical experiments to de-
termine the precise mechanism of the mutagenic effects of radioisotopes in-
corporated into living tissues. 

Paper published on work done under the contract : 

An article incorporating the results of this work is scheduled to appear 
in the Journal of General and Applied Microbiology, No. 3, Tokyo, May 1961. 
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RESEARCH CONTRACT No. 16 

Title 

Interrelationship of root absorption and leaf absorption of radioisotopes 
in herbaceous plants. 

Research institution 

Station Centrale d'Agronomie, Versailles, France. 

Principal scientific investigator 

G. Barbier. 

Period of the contract 

1 September 1959 to 31 August 1960. 

Background 

The radioactive substances that may be found in crops are derived partly 
by direct absorption through the leaves from the biosphere and partly by uptake 
through the roots from the soil. Some of the isotopes absorbed through the 
leaves may be excreted through the roots to the soil. If atmospheric fallout of 
active nuclides continues, the content of radioisotopes in the soil will gradually 
increase and in crops the proportion of radioisotopes which are absorbed from 
the soil will also increase. In order to relate the content of radioactive sub-
stances in plants to their concentration in the atmosphere on the one hand and 
in the soil on the other, knowledge is required of the extent to which nuclides 
are washed out of plants by rain or excreted through their roots. The research 
presented here was designed to obtain this information. 

Summary of results 

In the first series of experiments maize plants were grown in nutrient 
solution contained in one-liter polyethylene bottles. The composition of the 
solution was made similar to that of solutions which would be expected to occur 
in soil pores. Strontium-90 and caesium-137 were applied to the leaves of corn 
plants by a novel and effective technique. This involved making up a gelatine 
solution containing the appropriate nuclide and dipping cold leaves into the 
gelatine solution so that a f i lm would be deposited on the surfaces. Both 
strontium and caesium were absorbed by the leaves from the labelled gelatine. 
In the absence of strontium and caesium in the nutrient solution, 0.07% of the 
strontium which was absorbed was excreted into the nutrient solution. 0.05% of 
the caesium was excreted. If caesium at the concentration of 1 meq/1 was 
added to the nutrient solution, 4% of the caesium absorbed through the leaves 
diffused into the solution. There was no increase in the diffusion of strontium 
absorbed through the leaves when stable strontium was added to the solution. 
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Measurements of activity in different parts of the plant showed that 30% of 
the active caesium applied in this way was absorbed and after four days this 
was found to have diffused through the whole plant including the roots. In con-
trast to this behaviour of caesium only about 5% of the strontium applied to the 
leaves diffused through the plant and little was found in the roots. These 
observations go some way to explain the very slight excretion of strontium 
into the nutrient solution. 

In a second series of experiments plants were grown in nutrient solution 
containing either strontium-90 or caesium-137. After having absorbed some of 
the nuclides, the plants were transferred to non-active solution and the amount 
of nuclide being excreted was measured. Plants took up 13% of the strontium-90 
from a labelled soil over a period of seven days. 18% of that absorbed was 
excreted into a non-active solution. It made no difference if the non-active 
solution contained carrier strontium. 55% of caesium-137 was absorbed in 
a 7-day period. Very little, only about 0.4%, of this was excreted into an in-
active solution which did not contain carrier caesium; however, much more 
of the absorbed caesium, about 10%, was excreted when the inactive solution 
contained caesium carrier at a concentration of 1 meq /1. This is a much 
higher concentration than would occur in a soil solution. 

In a third series of experiments the possibility of radioisotopes being 
transferred through the root system of the growing, plant from an active to an 
inactive zone of the soil was explored. In vessels containing 2.3 kg of earth, 
the soil was divided into two approximately equal volumes by a vertical wire 
gauze cylinder (2 mm mesh). The earth outside the cylinder was uniformly 
mixed with 40yuc of caesium-137 or 60yuc of strontium-89. Some vessels were 
sown with barley and others used as controls. Plants were sown into the centre 
compartment and grown for two months, by which time their roots had pene-
trated the outer compartment. At the end of this period 1.4% of the caesium 
and 4.8% of the strontium was found to have migrated from the active to the 
inactive soil in the control pots. The proportion was the same in the pots 
growing the barley. It was therefore concluded that under the experimental 
conditions transfer through the plant was not appreciable. 

Conclusions 

This research has established that only a small proportion of the radio-
active strontium and caesium absorbed directly through the leaves by maize 
is excreted through the roots to the soil, and has thus made an important con-
tribution to our understanding of the factors controlling the level of radio-
nuclides in crops. 
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RESEARCH CONTRACT No. 16 

Title 

The uptake of radioactive wastes by lowland rice from contaminated soils 
due to irrigation water and its decontamination. 

Research institution 

Institute of Plant Nutrition and Ferti l izer, Faculty of Agriculture, The 
University of Tokyo, Tokyo, Japan. 

Principal scientific investigator 

Shingo Mitsui. 

Period of the contract 

1 November 1959 to 31 October 1960. 

Background 

Rice is the staple food of the majority of the population in the under-
nourished regions of the world. The greater part of the world's production is 
grown on flooded land. Since there are possibilities that nuclear reactors will 
be built in inland areas in these territories, it is clearly important to find out 
to what extent radioactive wastes deposited in the flood water are taken up by 
the rice crop. It is necessary to study both the absorption of radionuclides by 
the soil and their uptake from the soil by the plant. Because of the conditions 
under which rice is grown, the behaviour of the radionuclides may well follow 
a unique pattern. 

Preliminary experiments with strontium-90 and caesium-137 had already 
shown that swamp rice tended to concentrate these elements more than upland 
rice. Thus the investigation of cultivation practices which may affect the ab-
sorption of radionuclides by swamp rice is of urgent and practical importance. 

In many areas heavy amounts of fert i l izer are used in rice production. 
Fert i l izer salts affect the movement of radionuclides in the soil and their up-
take by plants. These effects were also investigated in this work. 

Summary of results 

In the first experiment the effect of fert i l izer salts and carrier on the 
uptake of radioactive caesium by growing rice in Tanashi soil was studied. 
This soil is derived from volcanic ash and has a high cation-exchange capacity. 
One hundred grammes of soil were mixed with 0.4 yuc of caesium-137 and 
1 meq of a salt. The salts and their effects are shown in Table 1. The marked 
effect of ammonium and rubidium salts will be noticed. 
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T A B L E XI 

Caesium-137 uptake by rice seedling as influenced 
by salts and carrier in soil 

Carrier Salt Dry matter Total uptake Cs content in dry 
yield (g) matter 

cpm/pot % of dose cpm/g Relative value 

without 
salt 0 . 2 2 7 47 0 . 0 6 7 206 1 . 0 0 

NaCl 0 . 2 2 3 36 0 . 0 5 2 162 0 . 7 9 
KC1 0 . 2 4 6 18 0 . 0 2 5 72 0 . 3 5 
K 2 SO 4 0 . 2 6 6 19 0 . 0 2 7 70 0 . 3 4 

Carrier RbCl 0 . 2 1 6 1200 1 . 7 1 5580 2 7 . 1 
Free NH4C1 0 . 2 5 8 715 1 . 0 2 2770 1 3 . 5 

( N H 4 ) 2 S 0 4 0 . 2 2 6 658 0 . 9 4 2910 1 4 . 1 
NH4NO3 0 . 2 4 6 692 0 . 9 9 2810 1 3 . 7 
MgCl2 0 . 2 2 7 36 0 . 0 5 2 157 0 . 7 6 
CaCl2 0 . 2 1 3 31 0 . 0 4 4 145 0 . 7 1 
CA(NOA)2 0 . 2 1 5 66 0 . 0 9 4 309 1 . 5 

without 
salt 0 . 1 9 4 2440 3 . 4 9 12600 6 1 . 2 

With RbCl 0 . 1 8 4 1370 1 . 9 6 ' 7470 3 6 . 3 
Carrier NH4CI 0 . 1 9 7 1160 1 . 6 6 5870 2 8 . 5 

NH4NO3 0 . 1 9 9 1340 1 . 9 1 6730 3 2 . 7 
Ca(N03 )2 0 . 1 8 9 1910 2 . 7 3 10100 4 9 . 1 

In the second experiment which parallelled the first, potassium was the only 
salt added. The caesium content of the plants was found to be reduced pro-
gressively as the amount of potassium added to the soil was increased to 1 meq 
per 100 g; the addition of 2 meq of potassium did not further diminish the uptake 
of caesium-137. 

A third experiment investigated the effect of the form and time of application 
of nitrogen and potassium fert i l izers. The effects of the treatments are set out 
in Table 2. 

T A B L E 2 

Caesium-134 content of lowland rice at various stages of growth, 
as affected by pre-planting fertilization and topdressing 

Treatment 

Panicle Stage Heading Stage Mature 

Treatment cpm/g content in 
% of dose 

cpm/g content in 
°¡o of dose 

cpm/g content in 
% of dose 

1 NH4CI Basic Dressing 1483 0.265 472 0.557 323 0.738 
2 KC1 Topdressing 1578 0.253 354 0.468 225 0.523 
3 NaN03 Topdressing 137.2 0.0237 172 0.184 208 0.448 
4 NH4CI Topdressing 149.0 0.0285 412 0.466 386 0.894 
5 KC1 + NaNOs Topdressing 148.1 0.0280 57.0 0.0627 44.8 0.0998 

Note: The quantity of caesium-134 given, 15^c/pot, is equivalent to 269 x 104 cpm/pot. 
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In this experiment the grain, husk, straw and leaves were separately 
analysed. Contents and corlcentration of caesium were highest in leaves and 
stems, and smallest in the grain. The distribution of the caesium among the 
different parts was not affected by fertilizing. 

In a fourth experiment the effect of fert i l izer on the absorption and leaching 
of radioactive caesium in soils was studied. When samples of soil were shaken 
with 0.01 normal solutions of various chlorides to which carr ier- free radio-
active caesium had been added, the proportion of carr ier- f ree radioactive 
caesium remaining in solution was about 1.5% for calcium, mâgnesium and 
strontium, 6% for sodium or potassium, 25% for ammonium and 45% for 
rubidium. When the solutions were 0.0004 normal in caesium, much larger pro-
portions of radioactive caesium remained in solution, and only in the rubidium 
chloride solution was there a substantially larger proportion of radioactive 
caesium in solution. These effects of ammonium and rubidium ion in retaining 
radioactive caesium ion in solution were further demonstrated by leaching 
carr ier- f ree radioactive caesium absorbed on the surface of soil columns con-
taining ten different soils. The leaching of the caesium ion was followed by a 
radioautographic technique. Only rubidium and ammonium ions caused sub-
stantial leaching of the caesium. 

A number of experiments were conducted with strontium- 89. In the first 
series eight soils were equilibrated with solutions containing strontium-89 . 
This was rapidly absorbed and while most appeared in an exchangeable form, 
from 5.4% to 25% appeared to be non-exchangeable to ammonium acetate. 
It was also found that adjustment of the pH with hydrochloric acid or sodium 
hydroxide led to an increase in the strontium - calcium ratio of the supernatant 
solution the lower the pH. 

Leaching experiments similar to those carried out with radioactive caesium 
showed that calcium salts caused a rapid downward movement of strontium, but 
potassium, sodium and ammonium salts caused little movement. 

The results of an experiment in which rice was grown on Tanashi soil 
to which 0.3 yuc of strontium-89 and 0.1 yuc of calcium-45 were added to the 
water covering the soil at the young panicle, or the heading stage, are shown 
in Table 3 . 

T A B L E 3 

Strontium-89 and calcium-45 in rice plants: distribution in plant parts 
resulting from applications to flooded soils at two different stages of growth 

Application Plant part Yield cpm/g Relative uptake 
Stage g/pot Sr89 Ca Sr89 

Ca45 

grain 16.1 52 18 0.77 
husk 5.3 492 158 0.83 

Young 
panicle 

upper leaves 4.0 2930 912 0.83 
Young 
panicle 

lower leaves 9.7 2373 782 0.81 
stage 

stem 15.3 837 279 0.80 
entire plant 50.4 1010 332 0.82 

grain 16.7 49 17 0.78 
husk 5.2 358 115 0.83 

Heading upper leaves 4.0 1210 385 0.84 
stage lower leaves 10.1 445 145 0.82 

stem 15.9 829 276 0.80 
entire plant 51.8 492 159 0.81 

(* ) Percentage of soil dose found in die different plant parts. 
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The last column indicated that the rice took up a slightly smaller proportion 
of strontium-89 than calcium-45 compared with that applied. 

Conclusions 

Under water-logged conditions nitrogen is available to rice mainly in the 
ammonium form. The finding that ammonium ions increase the uptake of 
caesium-137 in rice goes far to account for the high availability of radio-
caesium in lowland rice soils. Accordingly it would be beneficial to avoid the 
use of ammonium ferti l izers where high contents of radioactive caesium may be 
a problem. In paddy fields, however, it is not possible to apply nitrate as a base 
fert i l izer because of denitrification problems. Nitrate can be used successfully 
for topdressing, however, and such a practice should lead to decreases in 
caesium uptake by lowland rice. Ammonium ferti l izers will have little effect 
on the absorption of strontium-89 from the soil. 

Paper published on work done under the contract : 

TENSHO, K. , YEH K. and MITSUI S., "The Uptake of Strontium and 
Cesium by Plants from Soil with Special Reference to the Unusual Cesium 
Uptake by Lowland Rice and its Mechanism", Soil and Plant Food, ([, (1961) 
176 ~ 
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RESEARCH CONTRACT No. 16 

Title 

Comparison between mutation rates induced by acute and chronic gamma 
irradiation. 

Research institution 

Kihara Institute for Biological Research, Yokohama, Japan. 

Principal scientific investigator 

Yataro Tazima. 

Period of the contract 

15 December 1959 to 14 December 1960. 

Background 

Estimates of the possible genetic hazards produced by radiation in human 
beings are at present based on data obtained during acute radiation experiments. 
However, in view of the fact that genetic hazards arising from the peaceful 
uses of atomic energy are more likely to be caused by chronic exposure, the 
present work aims to determine radiation-induced mutation rates after chronic 
irradiation over several generations. Silkworms were selected as experimental 
material. The mutation rates induced were to be compared with those in other 
groups receiving the same dosage over a shorter period. 

Summary of results 

The exposure of the silk worm gonia to gamma rays was limited to the 
stage of spermatogonia and oogonia. The ratios of dose rates for the acute and 
chronic irradiation were 6000:1 and 3000:1. The dosage used was 1000 r. 
For estimating induced mutation rates in silk worms a total embryonic lethal 
method was utilized. With the acute radiation the number of lethals induced per 
rôntgen per gamete was 1.26 x 10"5 and with the chronic irradiation it was 
1.59 x 10"5. Owing to the high frequency of accumulated lethals in the genetic 
background of the material (the control), no clear conclusions could be drawn 
from these small differences. Subsequent studies were undertaken on lethal-
free strains. 

During the course of the experiments other work at the institute indicated 
that silkworms may respond in two different ways to varying radiation inten-
sities. The f irst way, in which acute radiation is more mutagenic than chronic 
irradiation, is observed only in the very young larvae stage, when primordial 
germ cells are prevailing in the testis. (Around the time of hatching.) The other 
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way, in which chronic irradiation is more mutagenic than acute irradiation, is 
observed when later stages of spermatogonia (about the second molt of the 
silkworm) are irradiated. The stage used in these experiments happened to fall 
between these two extremes and hence little difference between the acute and 
chronic irradiation was observed. 

In the second experiments 1000 r was administered to very young larvae 
at a stage when the germ cells are known to be oogonia or spermatogonia. The 
dose rate ratio was 3080: 1. The acute dosage was divided into a dose of 500 r 
administered before the first molt and 500 r before the second molt. After 
emergence of the irradiated individuals (Gi ) they were allowed to mate at 
random within the group to obtain the next (G2 ) generation. These were raised 
in separate batches. Among these, twenty batches were selected at random in 
each group. Females of the selected batches were crossed by males of a label-
free strain and G3 layings were produced. With each batch the G3 moths were 
sub-mated and more than 100 layings of G4 eggs were produced per batch to 
determine the frequency of radiation-induced lethals in G j . 

The total fraction of lethals induced was found to be as follows: spontaneous 
0.04046, acute 0.17526, chronic 0.11224. Though the induced mutation rate 
is higher in the acute group than in the chronic group, the difference is again 
not significant. 

A third series of experiments was conducted on mice, but no recessive 
lethals (genes) either from acute or chronic irradiation were discovered. 

Conclusions 

This work failed to reveal any clear difference between the frequency 
of lethal mutations induced in young silkworm larvae by acute or chronic 
irradiation under the experimental conditions adopted. The authors suggest 
that differences are likely to be found if the irradiation is carried out at a 
different time in the development of the larvae and the work has paved the 
way for further critical work on this important subject. 
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