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A C T I V I T I E S 1961
TEACHING AND

TRAINING

During the year under review ITAL held
under the auspices of the International
Atomic Energy Agency (IAEA) and the
Food and Agriculture Organization of the
United Nations (FAO) two international
training courses on 'Radio-isotope techniques in soil and plant sciences'. Each
course lasted two months and a total of
thirty scientists from thirty different
countries participated. A number of specialists from abroad were invited as guest
lecturers. A 4-weeks national course on
'Radio-isotope techniques in agricultural
sciences' was also held in 1961.
A number of ITAL's scientific staff were

given the opportunity to visit and work
abroad for various periods of time. Two
research-workers in particular spent ten
and six months respectively in the United
States and one researchworker spent
three months in England.

RESEARCH *)
The EURATOM-ITAL Association research program is particularly concerned
with mutation breeding, food preservation by means of ionizing radiations
and the behaviour of specific radionuclides in the 'food chain'.
*) For research facilities see Appendix I.

1. RADIATION INDUCED CHANGES IN
PLANTS.

Mutation breeding of bean, pea, tomato
and potato.
This mutation breeding project carried
out in conjunction with the Wageningen
plant breeding and genetic institutes is
concerned with the study of the mutagenic effects of neutrons, X-rays, y-rays
and certain chemicals on a number of
selected crops.
The selection of these crops was based
on the following requirements: genetically well known, easy to grow, agriculturally important and preferably deficient
in one or two important characteristics
such as disease resistance or cold resistance during germination.
The bean variety 'Widusa' is used to
study the effect of radiaton and chemical
mutagentia on mutation frequency and
-spectrum with special reference to resistance against Colletotrichum and different virus diseases and to better resistance against low temperature during
germination.
The pea variety 'Elfjespeul' is treated
with neutrons, X-rays, y-rays and chemicals in order to study the dose-effect
on mutation frequency and -spectrum.
The variety 'Pauli' is used for the same
purpose but with the special aim of inducing resistance against Fusarium oxysporum.
In the tomato variety 'Money Maker' the

effect of the above mentioned mutagentia is also being studied.
In the potato varieties 'Bintje' and 'Burmania' the problem of induction, uncovering and re-arranging of chimaeras
is being studied.
The radio-resistance of these four crops
was determined. It was found that in
bean and pea the LD 50 dose was about
15.000 R of X-rays, whereas in tomato
practically no decrease in germination
was observed with dosages up to
100.000 R.

The uncovering and re-arranging of chimaeras.
Induction of chimaeras can be important
in economically valuable seedlings of
asexually propagated plants, increasing
the variability of one particular characteristic (for instance flower colour)
without altering the remaining geno- and
phaenotype.
The Chrysanthemum-varieties 'Masterpiece' and 'Bronze Masterpiece' were irradiated with y-rays.
In the pink-flowering 1500 r. — group
of 'Masterpiece' colour-mutations of
bronze, pale-pink and white were found.
In the yellow-flowering 1500 r. — group
of 'Bronze Masterpiece' some bronze
mutations were found. In some flowers
the phenomena of uncovering was observed with the result that the original
pink colour showed up.

The perictinal dark-pink flowering Pelargonium 'Enchantress'
(center
right) showed after 2000 r y-rays the original red-flowering variety 'Fiat'
(uncovering) and two new pale-pink flowering budsports (top and bottom)*
Experiments carried out at the Brookhaven National Laboratory
dr S. Shapiro and ir C. Broertjes (1959—1960)

by

2. RADIATION PRESERVATION OF FOOD.

Surface pasteurization of soft fruit.
The quality of ripe soft fruit decreases
quite rapidly under normal conditions
of temperature and humidity as a result
of microbial activities and/or of biochemical changes. Not all kinds of fruit are
equally sensitive to microbial attacks.
Undamaged tomatoes can be kept at
room temperature much longer than
strawberries or raspberries. The surface
of the latter can be easily penetrated bymolds and yeasts.
To increase the shelf-life of thess soft
fruit it is necessary either to slow down
the ripening process and/or to kill (or
inactivate) the micro-organisms in the
outer cell-layers with ionizing radiations
(surface pasteurization) Preliminary experiments showed that a 1 MeV electron
irradiation of 500 Krads increased the
shelf-life of strawberries and raspberries
at room temperature by about 100%.
The vitamin C-content was not affected,
the structure of the irradiated fruit
remained much better than the controls
and no discolourations or off-flavours
occurred.
E- and y-irradiation experiments with the
clean (internally free of micro-organisms)
tomato fruit indicated that the difference
in quality is probably due to inhibition
of ripening following irradiation. Furthermore it was observed that:
1. Green tomatoes did not turn red with
a dosage > 1 0 5 rads which caused a

slight damage to the surface whereas
dosages in the order of 5 X 10 4 rads
increased the shelf-life considerably
without damaging the surface;
2. Light orange tomatoes were visibly
affected only with dosages above
2 X 10 5 rads.
Prevention of neck-rot in onions irradiations.
During storage great losses in onions
can occur, due to a rot-causing fungus,
Botrytis allii, which penetrates through
the stem base. This is particularly the
case when the onions are harvested under
unfavourable climatic conditions. Preliminary experiments revealed that it is
possible to kill the fungus in vitro with
dosages in the order of 500 Krads to
1 MeV electron-rays. Experiments in
vivo however showed that at those
dosages:
1. The occurrence of rot was only decreased by 20%;
2. The sprout-formation was not inhibited, and
3. Severe discolourations of the onion
appeared.
This application does not therefore seem
promising with low energy electrons.
3. USE OF RADIO-ACTIVE SUBSTANCES IN
SOIL, PLANT AND ANIMAL STUDIES.

Improvement
techniques.

of the autoradiographic

As essential preliminary and a constant

Tomatoes, photographed after 14 days storage at 15° C
Top layers: control (left)
Bottom layers: 500 k rad y-rays (right)
Tomatoes were irradiated at the mature green stage of ripening

the micro-autoradiogram and to shorten
the exposure time. This can be done by
bringing the film emulsion into the objects instead of stripping the film around
the object. The difficulty is that most
usable ions (silver, bromine, chlorine)
are highly poisonous. It was found however that instead of bromine and chlorine one can use the non-poisonous
phosphate ion and that it is possible to
introduce enough silver phosphate into
the cell to obtain reasonable densities.
The light sensitivity of the different silver
phosphates is: orthophosphates > pyrophosphates > metaphosphates, whereas
both ortho- and pyrophosphates are more
sensitive than silver bromide.
Simultaneous determination of C 1 4
and H3.

Autograph showing distribution of P32in bean leaf treated
with five drops of 0.01ml Na2HP*0i

aid to the study of uptake, transport and
distribution of radio-active substances is
a very reliable and reproducible autoradiographic method.
The method of macro-autoradiography
was studied in rigidly controlled experiments on the absorption and movement
of radio-active phosphorus applied to
bean plants. Marked differences have
been found between material dried in
frozen condition under vacuum or oven
dried at 80° C (See: Levi, E.: 1962 —
An artefact in plant autoradiography,
Science (in press)).
The method of micw-autoradiography
was studied in cytological studies on uptake and distribution of HMabelled thymidine in the cell nucleus of Vicia faba.
The aim is to improve the resolution of
10

In collaboration with the Division of
Biological and Medical Research of the
Argonne National Laboratory a method
was developed for the simultaneous determination of C 1 4 and H 3 in biological
material, using a liquid scintillation technique (See: Frissel, M. J.: in semi Annual Report, Argonne Nat. Lab. 1962).
4. MOVEMENT, FATE AND EFFECTS OF
SPECIFIC ISOTOPES IN SOIL, PLANT AND
ANIMAL.

The association on the behaviour of specific radio-contaminants in the food
chain has resulted in the setting up of a
program under which for the time being
attention will be paid to the movement
of Sr and Cs in soil, plant and animal.
Movement of long-lived fission products
in different types of soil.
In order to predict to what extent a radio-

active material penetrates the soil, the
most important factors regulating its rate
of penetration have to be determined.
One of the dominant properties of a soil
is its ability to absorb and resorb cations.
Also an equilibrium exists between the
concentration of cations in the soil
solution and the proportion absorbed.
Research on the movement of long-lived
fission products in soils will therefore be
concentrated on those factors which influence the exchange pattern between
amounts absorbed and concentration in
the soil solution, particular attention
being paid to determine the magnitude of
the effect of each of these factors. The
theory of Hiester and Vermeulen will be
applied to the transport of ions in soil
columns. For the present this research
will be restricted to the long-lived fission
product Srso.
Determination of the present and future
Sr$Qand Cs137 levels in principal agricultural crops under well defined agricultural conditions.
Useful information on this subject can be
obtained by collecting soil and crop samples from several localities, where soil
type and fertilizer dressings differ.
Fertilizer trial fields seem to be excellent
sources of information. These fields are
distributed in the Netherlands on the
most important soil types, and their history is well known.
In the summer and early autumn of 1961,
thus in a period when practically no deposition of radio-active material occurred
a number of soil- and crop samples were
collected from these trial fields. This sampling program will be repeated during
the summer of 1962, i.e. during a period

when large depositions of radio-active
material can be expected Sr 90 - andCs 1 3 7 content of these samples will be determined.
Uptake of calcium and strontium by
plants orplant parts under different moisture stress conditions.
Little is known of the influence of environmental conditions, plant species,
growth-phase and physiological status of
the plant on the uptake of fission products from the soil.
A better knowledge of these influences
will contribute to the understanding of
the contaminating effect from fall out in
the food chain. In practice only two environmental conditions can be modified by
man, namely: the mineral and water
reserve of the soil. In this project the
latter will be investigated using labelled
Ca and Sr. Experiments with both excised
barley roots and whole plants will be carried out under controlled environmental
conditions and under field conditions
where the nutrient solution of the soil
will be maintained at different moisture
stress levels.
Preliminary experiments have shown a
regular fall in the Ca-uptake by excised
barley roots in solutions of increasing
osmotic tension from 2.5 to 15 atm.
Foliar penetration, distribution and redistribution of radio-active contaminants in
plants.
Knowledge of foliar penetration mechanism of ions is of importance in predicting the amount of deposited radio-active
material liable to be retained by the
leaves of crops. This knowledge further11

more will contribute to successful foliar
applications of fertilizers or pesticides.
This study has been carried out by the
determination of the amount of radioactive material absorbed, using:
1. A washing technique after set periods
of time to separate held and non held
fractions, and
2. Determinations of the amounts absorbed by measuring quantities present
in non-treated plant parts.
Good correlations of results with autoradiograms have been obtained.
The effect of accumulation of I131, Srs0
and Cs137 in geese in their natural environment.
In cooperation with the Institute for Bio-
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logical Field Studies (ITBON) interested
in the accumulation of radionuclides in
the Dutch fauna, an investigation has
been set up to obtain information in this
subject.
It is obvious that plant feeding animals
should be selected for this purposes. The
wild goose is an attractive object since it
is easily available, it has a possible lifespan of about 25 years and is a good
laboratory material for research.
So far, the Ii3i- uptake by the thyroid
has been investigated; values obtained are
comparable to those found in sheep when
expressed per gram of thyroidal tissue.
Towards the end of the year the values
began to decrease slowly. Sr 90 analyses
have also been carried out on a few
animals.

APPENDIX I.
Facilities.
1. Radiochemical department.
The radiochemical department has at
its disposal various facilities; they include:
an A-laboratory, suited for working
with high activity and 7 B-laboratories,
which offer possibilities to work with
activities of up to 100 mC. Analyses of
large numbers of samples of Sr 90 and
other active waste elements will be determined in a routine laboratory specially
equipped for this purpose.
Three climate controlled rooms are
available for plant growth.
Besides these laboratories, this department has three counting rooms filled with
various specialized equipment, such as
normal G.M.-counters, single channel
y-spectrometer, multichannel y-spectrometer, gas-flow counters, liquid scintillation counter and several low background
counters.
Facilities also include a special darkroom
for autoradiography.
Separate facilities are available for a mass
spectrometer.
The radiochemical department has at its
disposal a waste treatment installation
comprising storage tanks, filters and ion
exchangers for the decontamination of
waste water from the Institute's facilities
by filtration and demineralization.
2. Radiobiological department.
Research reactor
The BARN (Biological Agricultural Reactor of the Netherlands) specially adapted
to meet biological research requirements

was designed and constructed under the
direction of the 'Reactor Centrum Nederland' for neutron irradiation studies at
ITAL. Construction started in July 1961
and it is hoped to attain criticality in the
spring of 1963.
The reactor is of the swimming pool type with demineralized water as moderator and coolant and Uranium, enriched
to 90% with the isotope U 2 3 5 , as fuel in
the form of M.T.R. type elements (flat
plate type). The nominal power is 100
kw, giving a maximal neutron flux in the
core of 10 12 n/cm 2 sec.
Its main purpose is to provide thermal
neutrons for irradiation of a relatively
large number of plants undef controlled
climatic conditions. For this purpose an
irradiation room will be available under
the core in the basement. Fission neutrons will leak through a heavy water
diffusor tank into a shielded room 5 x 7
m, where plants placed on an aluminum
platform, can be moved to and from the
adjacent pre- and past-treatment rooms.
The maximal thermal flux will be of the
order of 10 8 n/cm 2 sec, while the contribution of y-rays and fast neutrons will
be reduced to less than 10% of the thermal dose by adequate filtering with bismuth and heavy water.
The effective irradiation area can be varied from 1 m 2 to 4 m 2 , while the maximum spread in uniformity of the flux is
15% (over the total area). The temperature can be varied from 5°—35° C,
within 1° C accuracy. A lighting capacity of 400 Watts per square meter irradiation area will be installed, resulting in
a light flux of ± 10.000 lumen.
On one wall of the shielding, graphite
blocks are substituted for part of the concrete, forming a thermal column where
13

the neutrons are thermalized. Here small
biological samples, such as seeds and
bulbs can be irradiated in a thermal neutron flux of 10 8 n/cm 2 sec.
On the opposite side two beam tubes run
through the concrete shielding up to the
core face and it is possible, here, to submit biological samples to a mixture of
radiations of very high dose-rates (up to
15 M rad/hr).
There is additional space for carrying
out irradiations in the graphite reflector,
surrounding the core.
The reactor is housed in a separate reinforced concrete building about 100 meters north of the main laboratory. A small
auxiliary building contains the pumping
and demineralizing system for the cooling
water.
Gamma sources
For the mutation breeding projects two
y-sources are being installed, one of 3000
Curie C s * " and the other of 300 Curie
Csi37.

The larger source is located in the radiobiological wing of the building and consists of a long rod with two 1500 Curie
sources at each end.
This rod can be raised from its shielded
position, in a lead-container under the
floor, to the working position in the center of a shielded room. This room is subdivided into 4 sections, each 5 x 7 meter.
The climatic conditions (light, temperature, humidity) in these 4 cells are independently controlled thus offering possibilities for simultaneous comparative experiments.
The dose-rate varies from 600 Röntgen
per hour at 1 meter distance from the
source to 15 R/hr at 7 meter, while the
14

vertical variation in dose-rate over 1 meter is less than 10%.
The rod is raised and lowered by means
of cables leading from the center to a
drivegear mounted in a remote controlpanel outside the shielding. The doors
giving access to the cells are interlocked
with the electrical drive-mechanism and
are automatically locked when the source
is in a raised position.
In case of power failure, the rod will be
lowered by the action of a counter-balance weight while, as additional safety
feature, a handwheel is provided.
The 300 Curie source is located in one
of the greenhouses. A concrete wall
shields the entrance corridor and an earth
bank 2 meters high surrounds the greenhouse up to this corridor.
The source consists of two separate pointsources of 150 Curie each. In shielded
position the sources are kept in 2 separate lead containers just below floorlevel,
from which they can be raised 1 meter
apart in a vertical direction to their working positions. They are raised and lowered by electrical motors at the remote
control panel in the corridor.
By adjusting the distance from the plants
to the sourceposition the dose-rate can
be varied from 100 R/hr at 1 meter to
0.5 R/hr at 14 meter. This can be
reduced by a factor of 2 by raising only
one source instead of both.
Electron

generator

An electron generator is planned for surface pasteurization of biological material.
It will be placed in a room adjacent to
the large y-facility.
The electron generator can be converted
to an X-ray unit of high energy (up to

800 KeV) and dose-rate by clamping a gy of 250 KeV.
gold or tungsten target to the accelerator An irradiation area of 30 cm diameter
tube.
can be obtained at a distance of 50 cm
from the target with a dose-rate of 200
X-ray machine
R/min ± 10%.
For moderate X-ray energies (up to 250 The X-ray energy spectrum can be shifKeV) a Philips 250/25 therapy X-ray ted and the depth dose and penetration
machine is to be installed, capable of varied by putting different filters in the
producing X-rays with a maximum ener- beam.
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PUBLICATIONS*
EXTERNAL REPORT NO.: 1

'Radio-aktieve smetstoffen ende voedselvoorziening'
by H. BROESHART.

EXTERNAL REPORT N O . 2:

Preservation of soft fruit by ionizing radiation in the
Netherlands; a feasibility study — D.I. LANGERAK
and D. DE ZEEUW, (in press)

EXTERNAL REPORT N O . 3:

The simultaneous determination of C 1 4 andH 3in
biological material, using theSchöniger combustion
technique — M. J. FRISSEL and W. E. KISIELESKI.

(in press).
EXTERNAL REPORT N O . 4:
INTERNAL REPORT N O . : 1

An artefact in plant-autoradiography — E. LEVI.

(in press).
Verslag vande'European seminar onthe trainingof
agricultural advisory services ontheagriculturalaspects of environmental radio-active contamination',
gehouden te Cambridge van 16 tot 22 september
1959 by IR. P. POELSTRA.

INTERNAL REPORT NO.: 2

Study group onFood Irradiation. E.P.A. Project No.
5/30 — II by D R . IR.D. DEZEEUW.

INTERNAL REPORT NO.: 3

Lozing radio-aktieve afvalstoffen. I.A.E.A.-Conferentie te Monaco, gehouden van16totenmet 21
november 1959 by D E DIRECTIE VANDE LANDBOUW
and D R S .M. J. FRISSEL.

INTERNAL REPORT NO.: 4

Study group onFood Irradiation. E.P.A. Project No.
5/30 — II by D R . IR.D. DE ZEEUW.

INTERNAL REPORT NO.: 5

European Atomic Energy Society. Symposium over
Radiobiologie, 17en18maart te Rome byDR. IR.
D. DE ZEEUW.

INTERNAL REPORT NO.: 6

INTERNAL REPORT NO.: 7

Study group on Food Irradiation. E.P.A. Project No.
5/30 — II by D R . M. VANEEKELEN and D R . IR.D.
DE ZEEUW.

Study group on Food Irradiation. E.P.A. ProjectNo.
5/30 — II Kort verslag van debijeenkomst van de
studiegroep op 10en 11 maart 1960 teParijs byDR.
IR. D. DE ZEEUW.

INTERNAL REPORT NO.: 8

Study group onFood Irradiation. E.P.A.- ProjectNo.
5/30 —II Kort Verslag vandebijeenkomst van de
studiegroep op6 mei 1960te Parijs byD R .IR. D.
DE ZEEUW.

*Asthis isthefirst annual report alsopreviouspublications are mentioned.

INTERNAL REPORT NO.:
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9 — Kort verslag van de cursus 'Radio-isotope Methods
in Analytical Chemistry', Isotope School te Wantage
(18 tot 29 juli 1960) by DRS. M. J. FRISSEL.
10 — Wastebehandeling te Risö by D R S . M. J. FRISSEL.
11 — Verslag van de conferentie 'Use of Radio-isotopes in
the physical sciences and industry' by DRS. M. J.
FRISSEL.

INTERNAL REPORT NO.:
INTERNAL REPORT NO.:

12 — Verslag van een verblijf bij SORIN, Saluggia, Italië,
periode mei-juni 1960 by H. DIRKSE.
13 — Symposium 'The effects of ionizing radiation on seeds
and their significance for crop improvement', gehouden te Karlsruhe van 8-12 augustus 1960 by IR. C.
BROERTJES.

INTERNAL REPORT NO.:
INTERNAL REPORT NO.:

14 — Risö, the Research Establishment of the Danish
Atomic Energy Commission by IR. C. BROERTJES.
15 — Verslag van verblijf bij Brookhaven National Laboratories over de periode van 19 april - 4 november
1960 by DRS. W. F. OOSTERHEERT.

INTERNAL REPORT NO.:

16 — Report on a visit to the Field Station of the Agricultural Research Council in Compton, Berks., and to
the Central Veterinary Laboratory in Weybridge,
Surrey, from July 17-21, 1961 by DR. J. VAN DEN

INTERNAL REPORT NO.:

17 — Study group on Food Irradiation. E.P.A. Project No.
5/30 — II. 4th Session of the OEEC/ENEA Study
Group on food irradiation — Paris, 28-29 September

HOEK.

1961 by D R . IR. D. DE ZEEUW.
INTERNAL REPORT

No.: 18 — Course on Principles of Radiation Protection, 'Harwel Reactor School', (19th April - 18th July 1961)
by DRS. H. HEKMAN.

INTERNAL REPORT NO.:

INTERNAL REPORT NO.:

19 — Visit of radiobiological laboratories in Germany,
France and the United Kingdom (18th June - 5th
July 1961) by D R . IR. A. RINGOET.
20 — Report of my visit to Argonne National Laboratory
and Oak Ridge National Laboratory by D R . M. J.
FRISSEL.

INTERNAL REPORT NO.:

INTERNAL REPORT NO.:

21 — Report on the IAEA Symposium on Programming
and Utilization of Research Reactors, 1 6 - 2 1 October 1961 by DRS. W. F. OOSTERHEERT.
23 — FAO/WHO/IAEA Seminar on the Agricultural and
Public Health Aspects of Radio-active Contamination in Normal and Emergency Situations — Scheveningen, 1 1 - 1 5 December 1961 by D R . J. VAN
DEN HOEK, IR. P. POELSTRA and D R . IR. A. RINGOET.

INTERNAL REPORT NO.:

24 — A conference on 'The Use of Radio-isotopes in Animal Biology and the Medical Sciences held under
the auspices of IAEA, FAO and WHO in Mexico
City from 21 November to 1 December 1961 by
DR. J. VAN DEN HOEK.

