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INTRODUCTION

The year 1979 was characterized by important changes and developments
in the task and programme of the Instic^te.

The new task adapted by the Institute aims at making available new
fundamental developments in physics, chemistry and biology for applied
research on agrarian production, processing of agricultural products
and protection of the environment. This task also involves the develop-
ment of advanced methods and techniques in a much broader field than
the strictly nuclear field; a considerable expertise in this last
field has been built up in the previous period. In relation to this new
task the name of the Institute is now: Institute of the ITAL Foundation
or ITAL, which does not stand anymore for "Institute for Atomic Sciences
in Agriculture".

The future programme of the Institute will mainly focus on the following
general themes:

- advanced methods for genetic improvement of crops.
- efficient use of the soil and its nutrients.
- radioactive contamination of soil, water and crops in connection with

the setting of risk levels for the population.

The Governing Board of ITAL met seven times; the Management Committee
of the Association EURATOM-ITAL met once. Important topics for discussion
were:

- the new task of the Institute and the future long term programme.
- progress of research and programme proposals for 1980; the related

personnel situation and budgetary matters.
- the participation of the Association in the research programmes of

the Commission of the European Community and of other international
Organizations.

The members of the International Scientific Advisory Committee (l.S.A.C.)
met twice. The meeting in October 1979 was the last one of this Committee.
Main subjects for discussion were the progress of research, the 1980-
programme and the long term programme of the Institute considering its
new task.

The Institute's personnel council met monthly during 1979. The group
functions as an advisory body to the management on matters of personnel,
administration, budget and research. Important topics of discussion were
the future task and programme of the Institute; the situation of personnel
recruited on a temporary basis; the future functioning of the Institute
considering research, administrative and service aspects; legal structure
of the personnel organization.

The work in the different research groups has been discussed during
monthly seminars at the Institute and in several working groups.

Scientists of the Institute participated in symposia, workshops, con-
gresses, discussing topics related to their discipline and visited
developing countries for advice and training (see travel reports).

In 1979 again several scientists from western and eastern European countries
and from developing countries visited the Association's Institute for
short or longer periods.
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Two scientists A.M. Feidmann and F. Hoekstra, the latter left the
Institute, in the course of 1979» presented their Doctoral Theses,
prepared at the Institute.

Much of the programme for 1979 has been carried out in cooperation
with other Scientific Institutes and Organizations in the Netherlands,
countries of the European Community and elsewhere in the world. Some
examples of this collaboration are:

- the application of nuclear energy in the working groups of the
European Society of Nuclear methods in Agriculture (ESNA);

- cooperative studies on pollution, radioactive and other, mainly with
Institutes in the Netherlands, Belgium and Germany;

- analysis of radiation effects (European working group for Micro-
dosimetry);

- standardization of absorbed dose and dose distribution measurements
(European Late Effects Project Group, EULEP);

- studies on food irradiation, radiation effects on living and synthetic
materials, liquid waste treatment on the basis of the Cultural Agree-
ment of the Netherlands with several eastern European countries;

- projects on the testing of irradiated food and wholesomeness
(Organization for Economic Cooperation and Development (OECD) and
the IAEA);

- project on food irradiation technology (IFFIT) with the IAEA and the
Food and Agricultural Organization;

- genetic control of insect pests, coordinated in the Netherlands within
the working group on "Integrated control of Insect Pests" and in the
joint European working group of the "Organisation International de la
Lutte Biologique" (O.I.L.B.);

- programmes of the joint IAEA/FA0 Division on e.g.: mutation breeding of
vegetatively propagated crops, radiation dosimetric aspects,
fertilizer efficiency, food irradiation.
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COMPLETED RESEARCH OF GENERAL PUBLIC INTEREST

This year it has been decided to include in the annual report a small
section indicating the completion of scientific work which is of clear
relevance and interest to the public at large. The present controversy
concerning the use of nuclear energy provides a background against which
the results of two aspects of completed work at the Institute can be well
illustrated.

Radioactive waste disposal

During the year a report has been produced on the possibility of the
storage of reprocessed waste from nuclear power stations in salt domes
Salt domes are suitable for this purpose because their presence indicates
a lack of water, salt is plastic and has a good temperature conductivity.

Using a so-called "worst case analysis technique", different scenarios
were sketched to assess the risks involved in this Storage. Two scenarios
were intensively studied.
a •

Using computer models it was calculated that it would take 1.2 - 1.7
million years for groundwater to reach the disposal area.

At present the salt domes in the Netherlands do not show a measurable
rise, however, in literature, rates as high as 2.5 mm/year can be found.
Using this figure, waste stored at a depth of 600 m would arrive at the
surface after a period of 240,000 years.

The report concluded that it would be possible to provide an acceptable
solution for the storage of high level radioactive waste. As yet there has
been insufficient time to obtain much reaction to the report. The govern-
ment has decided to undertake no action until there has been sufficient
public discussion. It is not clear yet what form this public discussion
will take. The reaction of the environment groups is awaited with interest.

Barn Reactor Evaluation

This reactor evaluation can be seen in the light of the changing context of
the task of the institute. Put simply the problem can be stated as follows:
do expensive fast neutrons (high LET) from the Barn reactor cause
qualitatively different mutations than cheap X-rays (low LET) from an
X-ray machine? The problem has been approach in two ways, firstly by
comparing the two radiation types concerning their mutation spectrum in
the plant Arabidopsis thaliana and secondly by comparing the background
genetic damage induced during the production of trans locations in three
plant species.

This work has been fully presented in a thesis entitled "X-ray and fast
neutron induced mutations in Arabidopsis thaliana, and the effect of
dithiothreitol upon the mutant spectrum" by Lidwine M.W. Dellaert. In
general it was concluded that although there was a significant difference
between the spectra of mutations induced by the two radiation types, this
difference by itself did not warrant a continuation of the reactor
facility. Further results in this study indicated that although leaf and
petiole mutants showed different spectra, the vital chlorophyll deficient
mutants were induced with equal frequencies by both X-rays and fast neutrons.
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Background _damage_dur|ng_trarjsiocation_inductj>gn

The second part of the evidence used to arrive at a decision regarding
the BARN reactor comes from this work. If radiation induced translocations
are made homozygous than background damage induced at the same time will
be expressed. This expression usually results in lethality. By comparing
the frequency with which translocations can be produced as viable
homozygotes an estimate can be made of the amount of background damage
induced by the two different types of radiation. The results so far
indicate no clear differences between X-rays and fast neutrons. So that
here again there are no strong arguments for the continuation of this
facility at ITAL.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE CONTAMINATION RESEARCH GROUP

INV0LVÜ4G PROJECTS 83, 8A, 85, 86, 87, 88, 89, 90, 91, and 117.

Radiation effects in plants and related material

- The repair of potentially lethal damage in stationary cells of Haplo-
pappus graoitis leads to a substantial increase in survival and also
leads to an increase in the number of induced cycloheximide resistant
mutants. The relative number of mutants per survivor decreases fol-
lowing repair.

- Although both X-ray pre-dose and neutron pre-dose induce a repair
system in Saintpaulia epidermal cells, X-rays appear to be most ef-
ficient. Analysis of an experiment where the challenging dose was a
constant neutron dose indicated that the induction of the repair
system has single-hit kinetics and that neutrons have an RBE = 1
compared with X-rays.

- The combined effect of the nitrosourea BCNU with X-rays on cell
survival was analysed to show a more than additive effect arising
from the interaction of sub-lethal damage induced by both agents.
The interaction increased the initial slope of the radiation dose
relationship and the increase in slope was dependent on the concen-
tration of BCNU.

- The self-incompatibi1ity system of Oenothera organensis has been used
for the detection of genetic effects at low doses of fast neutrons
and X-rays. The effects on the pollen component of S-gene were scored
using both s&m'\-in vitro and in vivo tests. The results showed that
the low doses induced relatively higher frequency of mutations than
that produced spontaneously. The progeny analyses of some of the
mutants induced by radiation treatments or generated spontaneously
indicated that they are revertible type of S-mutations.

- The dependence of the lyoluminescence signal of glutamine on temper-
ature and humidity condtioi s during post-irradiation storage is al-
most completely removed by applying a thermal treatment of 114 °C
during 5 hours with subsequent storage at room temperature in a dry
atmosphere before reading. The dosimetry system using lyoluminescence
of glutamine seems to be now ready for a small scale dose inter-
comparison study. The uncertainty in the dose determination over the
range of 0.5 kGy to 13 kGy is estimated to be k% or less. Extension
to a dose range from 0.1 kGy to 25 kGy seems possible without
problems.

- The influence of humidity on the response of HX dosimetry perspex
has been investigated. It has been found that at doses above 1 Mrad
(10 kGy) the dose response saturates rapidly in water saturated pers-
pex in contrast to dried perspex.

Radiocontamination of soils, sediments and plants

- The study regarding the long-term radiological consequencies for the
biosphere of high-level radioactive waste storage in a salt dome
leads to the conclusion that dissolution and fast upward movement
will not result in a contamination of the biosphere for some millions
of years after disposal.
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An improbable fast upward movement of the salt dome would only cause
a small increase of the radiation doses for a limited population
after a quarter of a million years. Only in the case of several
serious violations of the storage procedure does water intrusion
pose a 1imited risk.

A manual describing measures to reduce the transfer of radiocontarni-
nants through the biosphere after severe nuclear accidents has been
completed. Depending on the degree of contamination and on the esti-
mated radiation doses to man, short term and long term measures are
advised. Special attention has been paid to future research needs in
order to optimize the decontamination procedures and/or to reduce
the transfer of radiocontaminants in the biosphere.

The mathematical models describing the trans location in the soil of
90Sr and 1 3 7Cs were verified and revealed to be reliable. The verti-
cal migration of 90Sr ranges from 0.1 to 1 cm-year"1 depending on
soil type; the mean vertical rate of 1 3 7Cs is O.k cm-year"1 . The
mathematical model for 239,2^0pu migration was tested and is promis-
ing for predictive purposes. The vertical migration rate of 239,2^0pu
varied between 0.05 and 1.5 cm-year"1. The binding with the soil
organic matter is thought to be important.

The 239>2't0pu ancj 238pu concentrations in three different soil profiles
have been determined. The Pu concentration in the top 20 cm layer of a
soil of the forelands of the Rhine river appeared to be higher than in
a sandy reference soi1.

Complexing agents of the polyamine type (e.g. tetraethylenepentamine)
may be used as a strong "temporary sink" in cases of contamination with
radiocontaminants belonging to the chemical group of the transition
metals. They also reduce the soil-plant transfer without provoking
nutrient deficiencies. When adsorbed on clay minerals, the microbial
stability of the additives is sufficient to guarantee an effective life
of several years.

The high transfer coefficients of Zn reported previously and the
relation between isotope concentration and fresh weight of the spinach
plant (and its organs) were confirmed. With tomato plants, salient
differences were observed in soil-plant transfer of 60Co, 65Zn, 51+Mn
and 13*Cs.
Monovalent cations show a higher transfer and a more homogeneous
distribution than divalent cations. Among the divalent cations, im-
portant differences in mobility and accumulation were observed.

• The behaviour of two radioisotopes of caesium (13ltCs and 137Cs) at
very low concentrations was studied using "biological exchange columns".
No anomalies in their behaviour were observed. An absorption ex-
periment with intact tomato plants did not reveal systematic
aberrations. The anomalies observed before must be attributed to an
(unknown) experimental artefact.

• The purification capacity of k different soils for inorganic and
organic compounds released from a refuse dump was tested. The puri-
fication is caused by adsorption, precipitation and microbiological
breakdown of organic compounds. Sandy soils have a low purifying
capacity; clay and peat soils will purify the percolating effluents
of refuse dumps.
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PROJECT No. 83 ANNUAL REPORT 1979

K.H. Chadwick, H.P. Leenhouts, P.A.Th.J. Werry, K.S. Ramulu

A STUDY OF DOSE EFFECT RESPONSE AND THE INTERRELATIONSHIP BETWEEN CELL
SURVIVAL, MUTATION AND CHROMOSOMAL ABERRATION

Research was carried out on four topics: generation of cell reproductive
death and mutation induction in cell cultures of Haplopappus gvao-Llis by
ionizing radiation; radiation induced repair in Saintpaulia epidermis
cells; analysis of the combined effect of radiation with other mutagens;
and the effect of very low doses of radiation on the Oenothera model
system.

1. Haplopappus gracilis (Nutt) Gray cell cultures

A. SurWvaj_stud|es

a) .Ef.fect_of_ iLe.IaJZ.eil .R^i/lS.
Figure 1 shows the effect of delayed plating on free cell survival,
following irradiation of stationary cells with fission neutrons.
It is clear that a considerable amount of potentially lethal damage
is repaired during the delay. In comparison with the same effect
after X-irradiation (see annual report 1978) the following observa-
tions are important.

- The ultimate extent of repair after neutron irradiation, - 10-
fold increase in survival - is reached after *t8 hours, whereas
after X-irradiation after 2k hours. However, the initial rate of
repair is both cases is nearly the same.

- Low temperature during delay causes a low repair velocity. This
result indicates that after neutron irradiation the temperature
effect is more pronounced than after X-irradiation. (However,
more experimentation is needed to check this indication).

b) The "stimulation" effect

It was shown previously (see annual report 1978) that the dose
where maximum plating efficiency occurs is higher when the dose
rate administered during the irradiation is lower. It was also
observed that at a very low dose rate of fission neutrons (0.05
Gy-min"1) a stimulation occurred whereas such an effect could not
be detected after irradiation at a higher dose rate (1 Gy-min"1).
From these observations it is suggested that at high dose rates
the stimulation effect occurs at a very low total dose, even so
low a dose that it is technically difficult or impossible to show
the effect.
To test this hypothesis the effect on plating efficiency of X-
irradiation at the highest dose rate that can be given in our
facility (6 Gymin" 1) was studied.
The result of this experiment (figure 2) is not contradictory
to the hypothesis: Again a stimulated plating efficiency shows up,
but at a lower dose (1,25 Gy) as in the experiment where the dose
rate was 3,12 Gymin" 1.
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Mutation studies in the Haplopappus cells have been initiated
making use of the induction of cycloheximide resistance.

a)

Cycloheximide is a potent inhibitor of protein synthesis: it
prevents elongation of the peptide chain growing at the
ribosome by itself binding to the ribosome. A change in the
molecular structure of the ribosome - based on a change in the
DNA coding for the ribosomal structure - prevents such binding
and renders the cell resistant to a concentration of cyclo-
heximide, that would normally kill the cell by protein
deprivation.

b)

The technology to study Ch1* is very simple: mutated cells can be
positively selected because of their ability to form colonies in
Ch containing medium.
For such a selection about 107 cells are poured on top of (^-medium,
solidified with agar (1,5%) and containing 10~5 M cycloheximide
(selection med'um). After about 3 weeks the growing colonies can
be scored and regarded as descendent from mutated cells.

c) Ef fect_o_f .deJLaXeii £ j .£ t . l n ü £i\_f£e.9U£ncy_o_f JLail'.a.tj_oJl j_nil4£.eiL

Stationary cells were irradiated with X-rays with a dose that
gives 5% cell survival with immediate plating (15 Gy, dose rate 2,75
Gymin" 1). Cells were then put on the shaker and at the times
indicated (Table 1) plated on selection medium at a density of
1,1.107 cell per petri dish. After 3 weeks incubation in darkness
at 28 °C the growing colonies were counted and the mutation fre-
quency per survivor and per initial cell number was calculated.
A comparison of these results with a previous experiment on effect
of delayed plating on survival alone is shown in figure 3.
It may be concluded that during the repair of potentially lethal
damage, potentially mutational damage is also repaired.

Table 1 - Effect of delayed plating on frequency of radiation
induced cycloheximide resistance. Dishes plated with
2,2 x 107 + 9 U cells.

Dose

0
15 Gy
15 Gy
15 Gy
15 Gy

Delay

-
0 h
6 h
18 h
2k h

Survival

1,00
0,05
0,20
0,50
0,52

lolonies/dish

37
46
74
106
150

Mutation frequency
per survivinq eel 1

1,7 x 10~6

4,2 x 10~5

1,7 x 10~5

0,96x 10~5

1,3 x 10~5

Calculated from previous experiment.

d) _ J . J
toCh

Stationary cells were irradiated with X-rays to doses as indicated
in figure k. Immediately after irradiation the cells were plated
on selection medium at a density of 107 cells per petri dish. After
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3 weeks incubation in darkness at 28 °C the growing colonies were
counted and the mutation frequency calculated per survivor and per
initial cell number was calculated. The surviving fraction of
cells was estimated using the results of a separate previous ex-
periment.
To study the dose-effect relationship after irradiation with
fission neutrons, a similar procedure was employed. The result is
shown in figure 5.
It appears in both experiments that the shape of the curve which
expresses the dose effect relationship for mutation frequency per
survivor is a mirror image of the curve expressing the dose effect
relationship for cell survival. This phenomenon is not contra-
dictory to the supposition that a common primary lesion is
responsible for cell death as well_as mutation^ __
It is noteworthy that in both experiments the curve expressing
the dose effect relationship for mutation frequency per initial
cell number exhibits an optimum value at a survival rate of
about }Q%. This observation is of particular importance when
radiation is to be us?., in mutation breeding programmes using
plant cells cultivated in vitro in suspension culture.

2. Saintpaulia ionantha var. Utrecht

It has previously been found that X-rays appear to be more effective
than fission neutrons in stimulating a repair process which repairs
potentially lethal damage. Saintpaulia leaves pre-irradiated with
different X-rays and neutron doses were challenged 2k hours later
with 10 Gy of neutrons. The regeneration of epidermal cells was
determined for each treatment and is shown in figure 6 as a function
of X-ray pre-dose and in figure 7 as a function of neutron pre-dose.
In each figure the repaired fraction is also shown as a function of
the pre-dose and figure 8 presents schematically how the value of re-
paired fraction is determined. The figures 6 and 7 appear to indicate
that X-rays are more effective in inducing the repair process, however,
the decrease in stimulation with increasing pre-dose might be ascribed
to the accumulation of damage from the pre-dose simiilar to that which
inhibits cell regeneration. The dependence of "repaired fraction" on
pre-dose has consequently been fitted by a function of the form

RF = (1 - e-kD)-S

where S is the survival or regeneration as a function of pre-dose
and k is a factor which represents the probability for induction of
the repair process per unit dose.

As can be seen in figure 9, the repaired fraction for both X-ray and
neutron pre-doses is fitted by choosing k = 0.3- This would indicate
that the RBE for the induction of the repair process is 1 and that it
is a "single hit process".

3. Dose response relationship in the presence of a toxic chemical

In 1978 an analysis of the interaction between UV and ionizing
radiation showed that the dose response relationship was changed in
such a way that the initial slope of the survival curve of Chinese
hamster cells was increased by exposure to the UV. This interaction
could be analysed with the help of a postulate that the DNA damage
caused by the UV interacted with the DNA damage caused by the ionizing
radiation as is illustrated in figure 10. This postulate has been used
to examine the effect of a toxic chemical with ionizing radiation in
experimental data from Deen (California). The analysis derived from
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the postulate leads to the expectation that the toxic effect of the
chemical, in this case 1,3-bis(2-chloroethyl 1)-1-nitrosourea (BCNU),
should be quadratic with chemical exposure (figure 11). The interaction
between the toxic chemical and radiation is expected to lead to an
increase in the initial slope of the radiation survival curve which
is proportional to the chemical exposure (see figures 12 and 13) or an
increase in the initial slope of the chemical exposure survival curve
where the initial slope is proportional to the radiation dose (see
figures 14 and 15). This analysis shows that a toxic chemical, known
to cause DNA damage, can interact synergistically with ionizing
radiation to affect the dose relationship especially at low radiation
doses.

4. Genetic effects of the very low doses of X-rays and fast neutrons on the
S-locus of Oenothera organensis MunzT

Both in vivo test (seed-set method) and the semi-in vitro method
(pollen tube method) have been used to analyse the frequency of
pollen-part mutants at the S-locus of 0, ovganensis (S3S4) following
treatments with low doses of X-rays and fast neutrons. The results
on the frequencies of capsules, seeds and compatible mutants are
given in Table 2. When compared to spontaneously produced seed-set
or compatible mutants, the low doses of X-rays and fast neutrons
induced higher frequencies of seeds and compatible mutants. The mean
number of pollen tubes (data not given in the table) was also higher
following treatments with low doses than in the control.

Table 2 - Frequencies of capsules, seeds and compatible mutants following
treatments with low doses of X-rays and fast neutrons in
Oenotheva organensis Munz.

Treatments

Control

X-rays
0.025 Gy
0.05 Gy
0.1 Gy
0.2 Gy

Fast neutrons
0.025 Gy
0.05 Gy
0.1 Gy
0.2 Gy

No. of
pol 1inations

692

211
254
283
220

581
702
611
393

Mean

capsules

0.023

0.033
0.059
0.025
0.041

0.033
0.041
0.025
0.036

frequencies

seeds

0.027

0.047
0.087
0.060
0.086

0.036
0.045
0.031
0.046

5 per pol 1
compatible
lethals

0.004

-
0.007
0.004
-

-
-
-
-

nation
i mutants
viables

0.006

-
0.016
0.004
0.009

0.005
0.013
0.008
0.008



Of the 31 S-mutants derived from single seeded-capsules after crosses
between unirradiated SoSjj ? and irradiated S3S4 6 , 6 were lethal at
the seedling stage. From the other 25 mutants, so far only 10 have
flowered, 5 being induced by fast neutrons, 4 by X-rays and 1 generated
spontaneously. Some of the mutants induced by radiation treatments
showed rather high percentage pollen abortion (30 - 50%). The data
on self-pollinations and test-crosses of the ten mutant plants with
the mother clone indicated that all were due to revertible type of
mutations, i.e. temporary mutations of the pollen-activity part which
revert back to their original state after one or more cell divisions.
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Fig. 1 - The effect of delayed plating on free cell survival following
irradiation of stationary cells with fission neutrons.

Fig. 2 - The effect of dose rate on the dose of X-rays where maximum
stimulation of plating efficiency is observed.

Fig. 3 ~ The effect of delayed plating on free cell survival and induction
of resistance to cycloheximide after irradiation of stationary
cells with X-rays (15 Gy, 275 Gymin'1).

Fig. k - The dose-effect relationship for free cell survival and mutation
induction (resistance to cycloheximide) after X-irradiation of
stationary eel Is.

Fig. 5 - The dose-effect relationship for free cell survival and mutation
induction (resistance to cyclcheximide) after irradiation of
stationary cells with fission neutrons.

Fig. 6 - The effect of X-ray pre-dose on the regeneration of epidermal
cells of Saintpaulia when challenged 2k hours later with 10 Gy
neutrons and the repaired fraction as a function of pre-dose.

Fig. 7 " The effect of neutron pre-dose on the regeneration of
epidermal cells when challenged Ik hours later with 10 Gy
neutrons and the repaired fraction as a function of pre-dose.

Fig. 8 - Schematic representation for the estimation of repaired fraction.

Fig. 9 " The analysis of the repaired fraction as a function of pre-dose
indicating an RBE of unity for the induction process.

Fig. 10- Schematic representation of molecular mechanism for synergistic
interaction.

Fig. 11 - Cell toxicity of BCNU and CCNU analysed using a quadratic
equation.

Fig. 12- Effect of increasing concentration of BCNU on X-ray dose response
of rat brain tumour cells analysed according to synergistic
relationship.

Fig. 13- The different parameters derived from the analysis shown in fig. 6
as a function of BCNU concentration: pW = peX2 3 = constant;
pa = p(ao + nX).
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Fig. \k - The effect of increasing doses of X-rays on the response of cells
to different concentrations of BCNU analysed according to
synergistic relationship.

Fig. 15 - The parameters from the analysis in figure 8 as a function of
X-ray dose: pc = constant; p6 = pnD.
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PROJECT No. 84 ANNUAL REPORT 1979

K.J. Puite and K.H. Chadwick

DEVELOPMENT AND IMPROVEMENT IN ACCURACY AND REPRODUCIBILITY OF DOSIMETRY
SYSTEMS FOR X-RAY INTERCOMPARI SON, NEUTRON AND HIGH LEVEL GAMMA IRRADIATION

1. Lyoluminescence studies

Earlier lyoluminescence measurements using the amino acid glutamine
(C5H1ON2O3) have shown that a practically linear dose curve from 1 kGy
to 20 kGy (100 krad to 2 Mrad) can be obtained with a standard error of
the data points of 2 to 3%. However, when the irradiated samples were stored
at room temperature a total uncertainty of the LL signal up to 7% was found,
probably partly due to experimental factors. Consequently, to avoid
variations in the signal due to variation in the quality of the water used
for dissolution of the samples, e.g. pH, temperature, traces of oxygen and
impurities, etc., a closed water circuit under slight over pressure of
nitrogen gas has been designed.
Variation in the environmental conditions during post-irradiation storage
of the samples also greatly influence the LL signal. Storage under dry
conditions (with silica gel) at 2, 20 and 37 CC results in LL signals which
are dependent on the storage temperature, but are constant with a variation
of 2 to 3% during one month after irradiation. More extensive experiments
show that samples stored after irradiation at a relative humidity of 50 to
60% produce a LL signal which increases 5% per 10 °C temperature increment
and is independent of the dose. The influence of high relative humidity
values (above 50%) during post-irradiation storage results in a lower LL
signal.
As the variation in LL due to changes in temperature and humidity during
post-irradiation storage will inhibit the application of glutamine in dose
intercomparison studies, various heat treatments of the samples before
reading were tried in order to minimize the environmental effects (fig. 1).
A treatment of 5 h at 114 °C gives satisfactory results. The standard
deviation of the data points here is 2.6%, while the mean value of the
standard error of each point amounts to 2.1%. The LL signal also increases
by about a factor of 1.8 after the heat treatment. Subjecting the samples
to a high temperature before the irradiation does not influence the LL
signal of the samples undergoing the heat treatment of 5 h at 114 °C after
irradiation.

2. Dosimetry intercomparison

During a meeting of the members of the EULEP (European Late Effects Project
Group) at Wageningen, June 14 and 15, the procedures and results of the
first EULEP dosimetry intercomparison for partial body irradiation have
been discussed. A protocol and code of practice for this type of irradiation
have been approved. It has been decided that the Foundation ITAL will take
an active part in the fourth total body X-ray dosimetry intercomparison,
early in 1980. After this the National Institute of Public Health at Bilt-
hoven will take over the Institute's contribution to EULEP.
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3. Perspex

Samples of clear perspex which had been stored under different conditions
of relative humidity ± 12%, +_ 50%, +. 903;, for a period of several months
were irradiated with a dose of 25 kGy (2.5 Mrad). The radiation-induced
optical density of the (irradiated) samples indicated that although there
was no significant difference between the samples stored at ]Z% and 50%
relative humidity the OD of the samples stored at 90% relative humidity was
10% lower than the other values. This would result in a 12% under-estimate
of dose. Clear perspex is often used to measure dose in large irradiation
facilities at temperatures above 35 °C and in a humid atmosphere as the
radio-active source is stored in a pool when not in use. Consequently,
experiments were carried out to investigate how much and how quickly water
molecules could be taken up into the perspex matrix. It was found that
perspex can absorb up to 1% of its own weight in water, that the absorption
is strongly temperature dependent, that even at room temperature the initial
absorption is quite rapid, that at room temperature saturation takes some
10 days but at 80 °C it is complete in 36 hours, and that samples stored
in water or water vapour take up water molecules just as readily.
It was also found that oxygen-induced fading proceeds faster in perspex
loaded with water molecules than in dry perspex.

Dose relationship curves were determined up to 35 kGy (3-5 Mrad) for batch
5 HX perspex 1) dried over silica gel, 2) saturated with water, and
3) straight from the package. The results are shown in figure 2 and reveal
that although the difference between the dry and untreated samples is small
the presence of water in the plastic matrix has an important effect on the
dose relationship above 10 kGy (1 Mrad). The presence of water leads to an
exaggerated saturation of the dose relationship. The humidity content of
the perspex dosimeter may thus be expected to influence the accuracy of dose
estimation at doses of 20-50 kGy (2-5 Mrad) which are important in the
application of radiation to the sterilization of medical products.
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Fig. 1 - Lyoluminescence signal of glutamine after various heat treatments.
The samples were stored after irradiation and before the heat
treatment at 2, 20 and 37 °C and 12-1A% and 50-60% relative humidity.
The data have been normalized for post-irradiation storage at 20 °C.

Fig. 2 - The effect of water content on the radiation induced optical
density in clean perspex as a function of dose.
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F. van Dorp, M.J. Frïssel, P. Poelstra, A. Ringoet

SCHEME FOR DECONTAMINATION OF AGRICULTURAL AREAS AFTER SEVERE NUCLEAR
ACCIDENTS

In 1979 studies for this project were completed. A draft manual for
treatment and re-use of agricultural land has been written, which
is being reviewed. The summary of the manual is presented here.

Agricultural land and products may become contaminated after a severe
nuclear accident. If radiation doses to man caused by the ingestion of
contaminated agricultural products from such areas will be unacceptably
high, measures to reduce this radiation dose will have to be taken.
Radiation doses to man can be estimated by using models which describe
quantitatively the transfer of radionuclides through the biosphere. The
following processes and pathways are described in this study:

- accidental releases into atmospheric environments and subsequent
nearby de-position (- not world wide fallout) (atmospheric
dispersion and deposition models not included in this study)

- contamination of crops by direct deposition and the subsequent
short term pathway (e.g. grass-cow-milk-man)

- contamination of soil and the subsequent long term pathway (e.g.
soil-crop-man3 soil-grass-cattle-milk/meat-man)

Depending on the degree of contamination (to be predicted by atmospheric
dispersion models, or to be determined by direct measurements), and depending
on the estimated radiation doses to man (to be calculated by using the models
described in this study) measures can be advised. The most important short
term measures are:

- feeding cattle with uncontaminated food if possible
- production and storage of milk powder when the radio contaminant is

- administration of bentonite to cattle for reducing the uptake of Cs
from feed

- administration of calcium to cattle for reducing the uptake of Sr
from feed

- decontamination of milk from Sr and Cs by an ionexchange column

Long term measures are:
- removal of contaminated crops if present
- removal of the contaminated top layer of the soil3 on stable and
smooth soils only

- application of lime or gypsum for reducing the uptake of Sr by crops
from soil

- producing crops with a low transfer of radionuclides from soil to
edible products

- reduction of the radionuclide content in the final consumable
products by processing treatments
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Special attention has been paid to the practicability of the measures.
A cost-analysis, however, was not carried out.

Some of the fields for future research discussed are:
- the improvement of transfer models
- the determination of realistic parameters to be used
in these models

- the study of more effeoient methods to measure contamination
levels in the field

- the study of the effects of application of some complexing
agents to soils or cattle to reduce the transfer of radio-
nuclides

- the study of product treatments which reduce the radionuclide
content of the final product
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nuclear industries, in Vienna, 26th-30th March 1979 organized by the
IAEA.



- 32 -

PROJECT No. 86 ANNUAL REPORT 1979

M.J. Frissel, P. Poelstra, N. van der Klugt

MIGRATION OF 90Sr, 137Cs AND Pu IN SOILS. VERIFICATION OF A COMPUTER
MODEL ON THE BEHAVIOUR OF THESE RADIOCONTAMINANTS IN SOILS OF WESTERN
EUROPE

At the Association Euratom-ITAL the 90Sr distribution has been measured
since 1959 on a number of pastures. The soils were annually sampled,
6 layers of 5 cm each, subsequently the same samples were used to
ascertain the 137Cs concentration and more recently 239,240pu n a s |jeen

included.

From the start of the observations additional laboratory experiments
(column studies, leaching studies, adsorption and desorption studies)
were carried out with the aim of understanding the behaviour of
radioisotopes in soil. In the early phase the lack of suitable
mathematical models hampered the interpretation of the results.

However subsequent development of large computers and convenient
software permitted the development of mathematical techniques which
could handle biological systems, including heterogeity, non-linearity
and large parameter systems. The associations laboratory was one of
the first institutions using these facilities, and their application
within this programme resulted in simulation models (predictive
models) for 90Sr, 137Cs and 239,240Pu translations in soil. The
predicted values for 90Sr, 137Cs were verified for a number of years,
and a final verification was carried out early in 1979- It appeared
that both models are reliable and are able to predict the behaviour
of 90Sr and 137Cs satisfactorily.
The vertical migration of 90Sr ranges from 0.1 to 1 cm per year
depending on the type of soil.
For 137Cs the average vertical rate is O.k cm per year.

The main emphasis in 1979 was on the 239»240pu moc|e] . The verification
was hampered because data for 239Pu were available from only two
locations. A comparison between the observed and predicted Pu distribu-
tion however indicated the possibility of using the available simulation
approach for 239i2l*0pu.

Contacts were also made with Dr. Jakubick, Kernforschungszentrum Karlsruhe,
Abtei lung Behandlung Radioaktiver Abfa'lle, FRG. Dr. Jakubick measured the
Pu distribution in a number of soils in the FRG, but was unable to
carry out an extensive simulation programme. Predictive calculations
carried out in Wageningen on the soils which were assayed in Karlsruhe,
showed that in most of the soils the Pu accumulation is in agreement
with the predicted values.

However, Pu accumulation in the top organic matter layer of forest soils
was more than expected. This indicates a strong band between soil
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organic matter and Pu. Whether such a binding promotes uptake by crops
has not been investigated.
The vertical migration rate of 239.2l<0Pu varied from 0.05 to 1.5 cm per
year.

All results obtained so far will be published in an extensive report
containing all observed data (of 9 0Sr, 1 3 7Cs and 239,2U0pu)> r e s u i t s of
calculations, computerprograms, names of coorperating local research
institutes and the addresses of the farmers who cooperated by making
their pastures available.
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Fig. 1 - Concentration of 239>240pu j n a S O J J f r o m Hooglanderveen.
Calculation based on a pseudo residence time of 2 y cm"1.
Example of soi l without special accumulation.
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P. Poelstra, N. van der Klugt, M.J. Frissel

ANNUAL REPORT 1979

A SURVEY OF THE CONCENTRATION OF Pu, Am AND RADIOACTIVE METALS IN SOILS
OF THE RHINE RIVER DELTA

The determination of Pu in soils and sediments has been continued and has
resulted in the following observations.

Layer (cm)

0-10
10-20
20-30
30-40
40-50
50-60
60-70

Biesbos
239 240

Pu

11.6
14.2
19.2
16.5
5.9
2.3
1.3

238

Pu

1.3
0.9
0.9
0.6
0.3
0.3
0.3

Layer (cm)

0-5
5-10
10-15
15-20
20-25
25-30

Valburg
239 240

Pu

11.6
14.7
3.7
2.0
2.4

238

Pu

0.8
0.8
0.5
0.2
0.3

Amersfoort
239 240

Pu

8.8
8.7
4.2
0.4
0.1
0.1

238

Pu

0.6
-
0.3
0.2
0.1
0.1

The amounts of Pu are expressed in pCi per kg dry soil and are averages cf
2 replicates. Mutual comparison between these observations is difficult
because differences in soil density are considerable. These differences
are now being studied, The Biesbos material of the Rhine river has a
very low density, viz. 0.4 grams per cm3, in the other soils it is near 1.
The Valburg soil located in the forelands of the Rhine river shows a higher
concentration of Pu in the top 20 cm layer (32.0 pCi) compared to the
reference soil at Amersfoort. (22.1 pCi). The latter is a permanent
pasture on a sandy soil far from the large rivers. Whether this difference
is significant, will be ascertained by repeating the measurements after
some years, by extension of the measurements to more reference soils and
by calculations via computer models.

This project is connected to a research programme, carried out together
with the Delta Institute at Yerseke and 1'Ecole Normal Supérieur,
Laboratoire de Geologie at Faris. The part of the programme carried out
by ITAL is the determination of Pu concentrations in sediment-, soii-
and vegetations samples of the estuaries and salt marches from the
Rhine-Meuse-Scheldt delta. The greater part of these samples has been
analyzed. The results will be reported in the annual report of the
Delta Institute.
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J. Sinnaeve, F. Smeulders, M.J. Frissel, A. Ringoet, P. Poelstra

IMMOBILIZATION AND REDUCTION OF THE AVAILABILITY OF RADIOCONTAMINANTS
IN SOILS

Previous annual reports (1977, 1978) demonstrated the beneficial effect
that the complexation of transition metals (to which some radio-
contaminants belong) with tetraethylenepentamine (tetren) can have on
plant growth. Over the past year, the experimental work was focussed on
three important aspects. Throughout the study, copper was used as the
model-trans it ion-metal.

A. Comparison of the uptake of free tetren and of the metal-tetren com-
plex

Maize plants were grown on a Hoagland-Arnon I (HA-1) nutrient solution,
containing 3-1 10~" M Cu(N03)2 and 10"

s M FeNa EDTA, for three weeks.
Selected plants (height, number of leaves) were transferred to k 1
buckets (3 plants each) containing the HA-1 solution but without micro-
elements and EDTA. (To minimize the occurrence of, contamination with
micro-elements from the former growth period, the nutrient medium was
refreshed twice in a 2k hours period). Thereafter, a 10 times diluted
HA-1 solution without micro-elements but containing 10~5 M Cu ^03)2
labelled with 6t*Cu or 10"6 M Cu-tetren (Cu T) labelled with 61fCu and
1 4C marked tetren was given. After an uptake period of 26 hours (13
hours light and 13 hours dark), the plants were harvested separately
and prepared for the counting of 14C and/or 6t*Cu.
The results are summarized in table 1. Complex formation, as reported
before, leads to a marked decrease in the Cu-content of the roots (195
nmole^g"1 versus 3.6 mole-g"1), the reverse being observed for the
stem (39 versus 3-^ pmole-g"1) and for the leaves (9 versus Q.k nmole*
g" 1 ) . The ratio tetren/Cu is only slightly different from unity and
this provides evidence that Cu enters the root system as a Cu T
complex and because of the higher stem and leaves contents, it is also
translocated as such. In vivo measurements of the 6l*Cu translocation
with semi-conductor radiation detectors placed along the stem revealed
that translocation of the Cu-tetren was 5 times higher. This was also
evidenced by the distributions of Cu++, Cu T + + and TH3+ (protonated
tetren) in a papyrus stem, to which labelled solutions were supplied
for 330 minutes. During this period, the bulk solution of the 50 cm
long transport vessels was replaced some 50 times. Copper supplied
as Cu(U0^)2 concentrated in the lower part of the stem whereas
chelation of the Cu ion resulted in a lower concentration at the base
of the stem and a distribution over its length (figure 1).
The mobility of the trivalent TH3+ is between that of Cu++ and that
of Cu T*"1". The total contents in the stem (above 10 cm from the cut
end) were about 7-5» 120 and 26 nmole for Cu++, Cu T + + and TH3+

respectively.
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Table 1 - Stoechiometry of the uptake of Cu and tetren supplied as
Cu T 10~6 M and comparison with the uptake of Cu supplied
as Cu(NÜ3)2 10~6 M by 3 weeks old maize plants after a
26 hours absorption period. Mean values (and standard
deviation) for 3 replicates in nmole-g"1-26 h"1.

HA-1 1/10 solution
without microelements

Plant organ

Roots
Stem
Leaves

Cu-tetren 10"6 M

Cu

195 + 23
3 9 + 2
9 + 3

tetren

167 + 15
3 7 + 4
8 + 2

tetren/Cu

0.86 + 0.13
0.94 + 0.11
0.87 + 0.35

Cu(N03)2
10"6 M

Cu

3645 + 641
3.43 + 0.6
0.43 + 0.1

B. Growth experiments using a natural clay soil

The final growth experiments, using the heavy clay soil (Winsum) were
carried ojt in the Experimental Soil Plant Atmosphere System (ESPAS).
Four treatments were considered: 1) the control soil, b) a Cu con-
taminated soil (9-5 yeq«g-1 or 300 ppm), c) a Cu T treated soil (9-5
veq-g"1 Cu with a molar ratio tetren/Cu equal to 1.5) and d) a tetren
treated soil (7-1 umol-g"1, i.e. an equal amount of tetren as in treat-
ment c). Maize seeds were germinated directly in the soil columns
(length 40 cm, internal diameter 9 cm) and after 20, 34, 44 and 55
days respectively, three plants were harvested. The yields of root
and shoot are depicted in figure 2. It is readily seen that chelation
of Cu neutralizes metal toxicity. Comparison of the yield data of
control and tetren treated soil shows a lower relative growth of the
latter up to 35 days and a higher relative growth in the following
period. This was due to a delayed senescence cf the oldest leaves of
the plants growing on the tetren treated soil. The application of
tetren on a copper contaminated soil resulted in a drastic decrease
in the copper concentration of the root (175 versus 430 ppm) and a
normal concentration in the shoot (10 versus 21 ppm). Unchelated
tetren decreased the Cu concentration of the roots; Zn and Mn
concentrations increased but the iron concentration was hardly
modified. This demonstrates the very beneficial effect of tetren at
toxic concentrations of transition metals (e.g. Cu, Co, Zn) whereas
no deficiency symptoms occur at trace levels.

C. Biodegradation of chelated and unchelated tetren in soils

The results of a long term incubation experiment with ll*C-label led
tetren and Cu-tetren became available. In a clay soil (Winsum), the
total amount of ll*C02 recovered after 1 year, suggested an overall
degradation of about 20% of the chelated tetren. The decomposition
of unchelated tetren was much faster and reached about 50% after
1 year. The extra-stabilization effect of the chelated form may
account for this. In both cases, increasing humidity and higher
temperature accelerated the breakdown. The presence of a root micro-
flora also enhanced the degradation. In soil columns with a dence
root system, the ̂ C O ^ recovery was 6.2 and 5-2% for Cu T and T respect-
ively, whereas without cropping it was 1.2 and 1.5%- In a sandy
loam soil, the rate of degradation was much faster. After 1 year,
the amount of ̂ C O ^ recovered indicated a total degradation of
about 70% per year.
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D. General conclusion

In the light of these and previously reported results, some important
conclusions may be drawn.

1) Due to the low chemical concentrations of radiocontaminants even
after accidental contamination and due to the presence in the soil
of carrier ions, it is impossible to immobilize the radiocontaminant
in a selective way.

2) In cases of local contamination, complex ing agents of the polyamine
type (e.g. tetren plus clay mineral) may be used as a strong
"temporary sink" for stabilizing the situation in order to prevent
further spreading before adequate measures (e.g. removal of the top
soil layer) can be taken.

3) Completing agents, although not suited to reduce completely the
availability of radiocontaminants for uptake by plants, may be used
to reduce the soil-plant transfer without provoking nutrient
deficiencies. ','

k) In case of contamination of agricultural land, the appropriate
measures to be taken must be evaluated in the light of the local
circumstances. The use of complexing agents can contribute to limit
the collective dose commitment by ingestion.

Publications

SMEULDERS, F.G.H. In situ immobilization of transition metal ions in soils
with tetraethylenepentamine.
Doctoral thesis, K.U.L., Leuven, Belgium (accepted for publication by
the members of the jury).
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Fig. 1 - Distribution of 6l*Cu or li+C-tetren in a papyrus stem after
330 minutes of absorption. The solutions were:
A: Cu-Tetren 10~5 M, Ca(NO3)2 5.10"1* M
B: Cu(N03)2 io"5 M, Ca(N03)2 5.10"1* M
C: tetren H|+ 10~5 M, Ca(N03)2 5-10"1* M
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Fig. 2 - Yield of maize plants (g) as a function of time (days) grown on
a clay soil at a Cu(-tetren) level of 300 ppm. The "control
tetren" treatment was amended with the same amount of tetren as
the Cu T treatment.
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ROOT AND FOLIAR UPTAKE OF RADIOACTIVE CONTAMINANTS BY CROPS; THEIR TRANSPORT
AND REDISTRIBUTION IN DIFFERENT PLANT ORGANS (e.g. EDIBLE PARTS, REPRODUCTIVE
ORGANS)

1. Transfer of radiocontaminants

The aim of this research is to describe the substrate-plant transfer of
some radiocontaminants and to explain the high transfercoefficients (TC's)
previously reported. With spinach plants {Spinaaea olevaaea L. var.
Verbeterd Breedblad) it has been investigated whether the water uptake
rate on the plant growth rate can be used as a parameter for predictive
purposes. The daily total zinc uptake by plants was compared with the amount
of zinc present in the volume of water taken up by the plant in one day.
The results are presented in table 1. Apparently quantitative predictions
of zinc transfer based solely on water uptake rates are not justified as
much more zinc may be accumulated by the plants than can be inferred from
the water uptake rates. Furthermore, the phenomenon is dependent on the
zinc concentration in the nutrient solution.
In order to test the usefulness of plant yield as a parameter a comparison
was made between the fresh weight and the total zinc content of the plant.
The very close correlation between yield and plant zinc content is
illustrated in fig. 1. This signifies that for entire shoots and roots the
weight versus total zinc content relationship is a useful basis for pre-
dictive models. The distribution over the leaf appears to be much more
complicated. Plants grown on nutrient solution containing 65Zn during their
entire growth were harvested at intervals from the 10th day. The leaves
were subdivided into blades and midribs with petioles. The results are
given in table 2. De observed TC's depend on the Zn concentration in the
nutrient solution as well as on the age and type of the individual plant
organ. The midrib contains less 65Zn per gram fresh weight than the rest of
the leaf.
A qualitative comparison of the rate of penetration and (re)distribution
of some radiocontaminants in tomato plants (Lyaopersiaon esaulentum Mill
var. Moneymaker) was carried out by autoradiographic techniques.
The absorption period on a nutrient solution without chelating agents
lasted between minutes and 31 hours; the redistribution was studied by
allowing growth for 5 days on an uncontaminated nutrient solution after a
31 hours absorption per'od of the radiocontaminants. Under these conditions
very marked differences of the rate of penetration and redistribution in
leaves, leaf blades, stems and rates were observed.
A more quantitative picture of the distribution of some radiocontaminants
in tomato plants is described in tables 3 and k. Plants were grown on soil
columns (diameter 9 cm, depth kO cm). At the beginning of the fruit
formation 3 soil columns were amended with 196 pCi 60Co, 123 y-Ci 65Zn and
47.5 yCi 13ltCs (treatment A) and 3 other soil columns with one tenth of
these contamination levels plus 1^.2 yCi 5<+Mn (treatment B).



The contamination period lasted 46 and 39 days for treatments A and B
respectively. The mean TC's are given in table 3 and relative (redistribu-
tion in table 4-
Salient differences occur between the monovalent Cs and the divalent cations.
In general Cs shows higher TC's and a more homogeneous distribution in the
leaves than the divalent cations. Also among the divalent cations differences
occur: 65Zn is clearly the least mobile ion and is rather strongly retained
in the stem; Mn and Co are distributed rather similarly although 5l*Mn
is transferred in higher quantities; the transfer of the monovalent Cs
to the fruit is higher than to the shoot, the reverse being true for the
divalent cations.
It should be stressed that these results reveal TC's higher than unity,
both for solution and soil culture. This means that a not negligible
accumulation occurs in the plants. A correlation was found between the
accumulation of the radiocontaminant and the fresh weight and type of
plant organ. This necessitates a thorough investigation to determine
reliable plant and soil parameters to be used in transfer models. The
results also point to the importance of determining TC's of edible plant
organs for the computation of individual and collective ingest ion doses.

2. Effect of Technetium 99 on spinach leaf metabolism

It has been found that Technetium influences the normal growth of plants
at relatively low concentrations. In order to investigate which physiologi-
cal site may be attacked by TcOi," , and whether concomitantly the TcOV is
transferred and bound to the plant's organic material, initial experiments
were set up. A treatment of 10 days old spinach with 10"6M " T c O V induced
serious changes in the appearance of the leaves; they became shrunken and
wilted after 24 hours; -IGF7 Mi'TCOI,!* induced comparable phenomena after
47 hours. Pertechnetate also appears to hamper the normal fluorescence
of intact growing spinach leaves (fig. 2) possibly by inhibition of the
photolysis of water.

Table 1 - Difference between the total amount of zinc daily accumulated
by a spinach plant, and the amount of zinc present in its
daily water consumption at different zinc concentrations.
The mean and standard deviation are presented (- means shortage;
+ means surplus)

difference (moles plant"1 d"1)
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Table 2 - The dependence of the leaf zinc concentration upon nutrient zinc
concentration and leaf age expressed as the ratio of moles
Zn kg"1 fresh weight versus moles Zn T 1 nutrient solution.
M s midrib transfer coefficient, B = blade transfer coefficient

Zinc

1.76

4.4

2.64

in

X

X

X

soln.

i<r7 M

Ifl"6 M

icr5

Age of plants
days

10
13
17
20

10
13
17
io

10
13
17
20

first
T C f r

M

66
39
27
27

22
15
13
9

5.1
4.0
7.9
3.2

1 eaves

wt

B

104
70
59
54

42
34
30
22

10,1
10.9
9.2
9.2

second 1 eaves
T C f r wt

M

93
50
39

23
10
7

4.6
9.2
2.4

B

168
118
126

36
24
22

7.7
6.5
6.9

Table 3 - pCi.kg"1 dry plant material per yCi.kg"1 dry soil of
different radiocontaminants computed for a) the total
shoot} b) the vegetative part of the shoot;
c) immature fruits and d) mature fruits

Treatment

A

B

Mode

a
b
c
d

a
b
c
d

134C

1.86 +
1.48 +
2.27 +
2.79 +

2.22 +
2.11 +"
1.83 +
3.25 +

s

0.12
0.05
0.33
0.07

0.24
0.62
0.48
0.40

Transfer coefficients

65Z n

1.41 +
1.77 +
0.79 +
0.68 +

2.46 +
2.97 +
1.52 +
1.08 +

0.18
0.21
0.07
0.12

1.15
0.84
1.14
0.55

6(

0.033
0.044
0.012
0.013

0.032
0.051
0.010
0.012

>Co

+ 0.010
+ 0.016
+ 0.004
+ 0.004

+ 0.014
+ 0.015
+ 0.004
+ 0.006

2
3
0
0

5ltMn

.60 +

.74 T

.34 +"

.48 +

1
1
0
0

.04

.46

.12

.25
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Table 4 - Mean values of the percentage distribution (3 replicates) over
the plant organ for the different radiocontaminants

Treatment

A

B

Plant organ

dry leaves
green leaves
tops
stem
mature f ru i t s
unmature f ru i t s

dry leaves
green leaves
tops
stem
mature f ru i t s
unmature f ru i t s

Percentage

134Q

22.
16.
3.

11 .
29.
17.

24.
23.

2.
15.
16.
18.

s

6
2
2
5
5
2

2
0
6
3
1
8

65Z

6.
9.
3.

63.
9.
7-

3.
12.

2.
64.

5.
11.

distribution

n

7
7
7
1
3
4

2
3
7
4
5
9

*°Co

19-0
42.0
8.4

18.1
7-7
4.9

20.3
47.2
4.5

18.1
3.8
6.1

51

21
52
4

16
1
3

Mn

.4

.1

.9

.8

.8

.0

Fig. 1 - Relation between plant part weights and their total zinc content.
Three different zinc concentrations were applied,
o-o 1.76 x 10" 7 M Zn; o-o 4.4 x 10" 6 M Zn; D-d 2.64 x 10" 5 M Zn.
Solid lines represent the root content, dashed lines the shoot
content.

Fig. 2 - Impact of " T C Ö ^ on the fluorescence intensity curves against
time. Concentrations are indicated in the figure, as well as the
length of treatment.
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BEHAVIOUR OF RADIONUCLIDES IN BIOLOGICAL AND NON-BIOLOGICAL PROCESSES AT .
VERY LOW CONCENTRATIONS

Earlier reported absorption experiments with tomato plants {Lycopevsioon
esoulentvm Mill, cv. Marette VF) suggested a different behaviour of two
radioisotopes of caesium (13l*Cs and *37Cs) at extreme activity ratios.
The aberrant behaviour was mainly found for plant roots having a low cat-
ion exchange capacity. The results of a second absorption experiment with
tomato plants grown on 500 ml of an ion exchanger substrate (see 1978
annual report) have been completed. At a plant age of h weeks, the
substrate was contaminated with 10 ml of a solution containing 12.5 ViCi
1 3 7Cs, 0.025 yCi 13lfCs and 12 mg stable caesium. Rive cropped and one ron~
cropped substrate were treated. The equilibrium solution of the non-
cropped and a cropped substrate was isolated by means of a slowly turning
peristaltic pump (k ml-day"1). The Z-value, i.e. the ratio of the 131*Cs/
•L37Cs ratios in sample and reference sample (the solution containing the
isotopes), was computed after counting with a Ge-Li gamma spectrometry
equipment. The Z-value of the equilibrium solution of non-cropped and
cropped substrate was 1.04 + 0.04 and 1.08 ± 0.0k respectively. The
abnormal Z-value reported in the 1977 annual report for the first
isolated sample of the equilibrium solution was not confirmed. The mean
Z-values of the plant organ samples were 1.02 4- 0.06, 1.03 ± 0.01 and
1.03 +, 0.02 for root, stem and leaves respectively.

Four experiments using a "biological exchange column", i.e. a cut papyrus
stem (Cyperus papyrus spec.) were carried out. Prior to the passage of
the labelled solution containing 250 yCi 137Cs-l~1, and 1 uCi 13*fCs-l"1,
the exchange sites of the stem were protonated as described earlier
(annual report 1978). Two treatments were carried out, the first with
10"1* M stable caesium in the labelled solution and the second with 10"1* M
potassium. After detection of the front of activity half way up the stem,
5 cm segments of the stem were cut and counted. All computed Z-values
were very close to 1.

In collaboration with Drs. Myttenaere and Ronneau (U.C.L., Louvain la
Neuve, Belgium) and Dr. P. Guillot (CEC, Brussels, Belgium), an absorption
experiment was carried out. Tomato plants were grown on a 2 times diluted
Hoagland-Arnon I nutrient solution. At an age of about 1 month, an eight
hours absorption period using 2 labelled solutions (each treatment 5
plants) was done. Both solutions contained 0.1 mg-I"1 stable caesium;
solution A was labelled with 28 pCi 137Cs-l'1 and 0.1 yCi ^ C s - T 1 ,
solution B with 0.1 yCi 137Cs-l"1 and 21 yCi ^ C s - l " 1 . The computed Z-
values of root, stem and leaves samples were all close to 1, and no
systematic aberrations were found.
Once more the complete counting procedure was checked. It was confirmed
that as a function of the count rate, a slight systematic shift of the
13»tCs/137Cs ratio o c c u r red (figure 1).
(The count rate was decreased by a factor of about 7-5, by increasing
the distance between the sample cup and the head of the detector from 0
to 8 cm; by this the entire range of count rates of samples was covered).
This phenomenon can only explain variations of the Z-value between 0.85
and 1.15; it surely does not explain the large deviations observed before.



Based on absorption experiments and exchange experiments with inert
(annual report 1978) and biological materials (this report), it may
be concluded that systematic differences in behaviour of 134Cs and
1 3 7Cs at extremely low concentrations are absent. The anomalies ob-
served before must therefore be attributed to an (unknown) experimental
artefact.

Ratio
13W37Cs

0.00.400

390

380

370

360

000.350

340

330

320-

310

0.00300
Z 4 6 8 10 cm

distance from the head of the detector

Fig. 1 - 131*Cs/137Cs ratio of a sample (based on the 795 keV photopeak
of 131lCs) as a function of count rate (decreasing with in -
creasing d istance).
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THE CONTAMINATION OF VEGETATION, SURFACE WATER AND DEEP GROUNDWATER
(DRINKING WATER) BY HEAVY METALS UNINTENTIONALLY RELEASED INTO SOILS

Objective of the research

The study of the purification capacity of 4 different soils for inorganic
and organic compounds released from a refuse dump.

Materials and methods

Undisturbed soil monoliths (length 1 meter, diameter 12 cm), held in perspex
tubes, each provided with a rain simulator and an automatized control system,
were leached with effluent from an experimental refuse dump. This dump is
well controlled so that the effluent could be collected easily and soil
contamination underneath and around the refuse dump could be followed and
checked. The collection of the effluent occurred under anaerobic conditions
and it was kept anaerobic during the transport and the experiment.

The 4 soils used for this study were a poor sandy soil, a peat soil, a
medium textured clay soil (river clay) and a heavy textured clay soil (sea
clay).

Experimental plan: from each soil type 7 monoliths were taken, from which
six were placed in the soil column installation. The six columns were
provided with the effluent from the refuse dump with a flux of 1 cm per 2k h.
After 2 months of leaching the first column was stopped and sliced. After
another two months the second column was stopped and sliced, etc. Since
there were six columns per soil type, the experiment lasted exactly one year
for each soil. The 7th column was used as a control. During leaching the
anaerobic conditions were maintained.

The effluent of the soil columns was collected every 2 months and analysed
for pH, TOC (total organic carbon), K, Na, Ca, Mg, Mn, Fe, Cr, Ni, Zn, Cl,
HCO3, P-total, S-total, N-total and conductivity.

The same compounds were measured in the soil column slices and in the
influent (which is the effluent from the refuse dump). The redox potential
(Eh) was measured in the profile of those soil columns which were leached
for 12 months. This measurement occurred at 3 depths, viz. 10 cm, 25 cm
and 60 cm below the top of the column.

Results

Breakthrough curves of all the compounds mentioned are shown in fig. 1 for
each of the k soils. All soils showed a breakthrough for the organic
compounds within a period of k to 5 months. Cr was gradually released up
to 70%,depending on soil type, iron up to 80%, Ni was released immediately
but its behaviour is uncertain due to the large differences in concentration
between soil and influent. Zn was released only up to about 10%. The sandy
soil, however, did not retain Zn; after about 10 months its effluent
concentration equalled the influent concentration.



The redox potential (Eh) of the sandy soil decreased to + 100 mV
during the experimental period. For the river clay soil, the sea
clay soil and peat soil these values were - 50, - 200 and - 100 mV,
respectively. This means that in all cases Mn may become soluble
and thus can be leached.
The pH of all soils tended to go to slightly acid conditions, it
decreased for the sea clay from 7-5 to 6.5, for the river clay
from 6.9 to 6.5 and for the sandy soil from 6.0 to 5-2. For the peat
soil it increased from 3.3 to S.h.

Conclusions

Within the sandy soil almost no adsorption occurred; due to the anaerobic
conditions there was some desorption of Mn, TOC (Total organic carbon) was
practically not retained. It is expected that this behaviour is representative
for all sandy soils.

Adsorption occurred within the peat soil> especially for large ions such as
Cr, Fe, Mn and Ni. Because the pH increased from 3-5 to S.k due to the
anaerobic conditions, the adsorption capacity also increased. It is
expected that this behaviour is representative for all acid peat soils.

Almost all ions were adsorbed on the river clay soi1 and on the sea clay
soi1. Zn was very well adsorbed. Low redox potentials induced leaching
of Mn. The redox potential was sc low that precipitation of metal-sul f ides
must have occurred. The river clay soil held back Cl ions, the sea clay
soil did not. Due to microbiological activity CO2 and HCO3 increased
during the experiment. It is expected that these phenomena are
representative for all clay soils. Because of differences in soil
composition small differences in behaviour will occur.

A general conclusion is that the purifying capacity of a sandy soil is
low, while clay and peat will purify percolating moisture. Purification
is caused by adsorption, precipitation and microbiological decomposition
of organic matter.

Lectures

P. Poelstra: A study on the purification capacity of k different soils
for inorganic and organic compounds released from a refuse
dump.
E.C. Contractors meeting Ispra, November 1979-
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Fig. I - Breakthrough curves of a number of compounds on k different soils
during a 12 months experimental period.
Symbols: A sandy soil, x peat soil, D river clay soil, o sea clay
soil.
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Fig. 2 - The course of the redox potential (Eh) as a function of time and
depth in *» different soils during a 12 months experimental period.



- 52 -

PROJECT No. 117 AMNUAL REPORT 1979

F. van Dorp, M,J. Frissel

BEHAVIOUR OF NUCLEAR WASTES IN A SALT DOME

The study of the long-term radiological consequences for the environ-
ment and man of the storage of radioactive waste in a salt dome in the
north-east Netherlands was finished in 1978 with the report "Transport
of radionuclides stored in a salt dome to and through the biosphere".
The two main long-term processes, which can bring radionuclides from
the waste into the biosphere are: dissolution of the salt dome in deep
ground water and a rise of the salt dome. The first process could only
bring radioactive waste in contact with ground water after some
millions of years of storage. An improbably fast upward movement of
the salt dome could bring the waste into the biosphere but not until a
quarter of a million years after storage; this could cause a small in-
crease of the radiation dose for a limited number of people.

In 1979 the (short-term) consequences of water intrusion in a nuclear
waste repositary in a salt dome were studied. The results of this
study were drafted in a report, which should have been discussed in a
study group of the Sub-commissian Radioactive Wasteproducts of the
Interdepartmental Commission for Nuclear Energy. Due to technical
difficulties this discussion has not yet taken place. A first conclusion
of the 1979 study might be, that water intrusion can cause a limited
risk only in the case of several serious violations of a normal storage
procedure. After preparing a final report, work on this project will be
completed.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE PLANT NUTRITION - SOILS

RESEARCH GROUP INVOLVING PROJECT 93.

Nitrogen cycles

Studies on the cycling of nitrogen through an ecosystem were intensified.
Main emphasis was placed on energy relation by studying on a very de-
tailed scale the long term availability and long term transformations
of soil organic matter carbon as an energy source for micro-organisms.
Depletion of the organic matter pool decreases directly available N,
but also indirectly by decreasing microbiological activity.

Another part of the studies was on the role of nitrogen cycling in short
rotation forestry. This type of forestry is expected to be of importance
for energy production. A first economical evaluation revealed that from
an economical point of view short rotation forestry did not offer much
perspective. However, due to the ever rising costs of energy this
situation changes continuously. It could be concluded that the rising
fertilizer costs will be more than compensated for by the higher value
of wood produced.



PROJECT No. 93 ANNUAL REPORT 1979

J.A. van Veen, M.J. Frissel, J.J. Olie, H. Breteler

EXPERIMENTAL ANALYSIS AND COMPUTER SIMULATION OF NITROGEN CYCLING IN
ATMOSPHERE-SOIL-PLANT INTERRELATI ON

1. Biomass turnover

Data from literature and model calculations (Fig. 1 and 2) show the
turnover of biomass - C to be one of the main processes controlling
the size of soil biomass and thus, the behaviour of important nutrients
such as nitrogen and phosphorus in soil. Therefore, experiments were
started with pure cultures of microorganisms, isolated from soil, to
quantify this process under different environmental conditions. R e -
labelled glucose was added to a glucose limited continuous culture of
a gram negative bacterium. The rate of lltC-production both as CO2 and
as metabolites exuded in the medium was determined by liquid scintillation
measurements of CO2, entrapped in KOH and the filtrate (filter size,
0,^ um). From this ^C-production rate biomass turnover was calculated
taking into account 14C-re-uti1ization by the microorganisms and the
dilution rate. Due to experimental problems only preliminary results
have been obtained till now. The results show that the C-turnover
rate at 25 °C and pH 6.5, which are optimal conditions for the micro-
organisms under study, is approximately 0.1 day'1 and decreases at
lower temperature.

2. C-model

Several case studies were carried out with the long term C-transformation
model, described in the 1978 annual report, based on data from two sites
in Saskatchewan, Canada. Fig. 3 shows that the relative decrease of total
soil organic carbon content due to cultivation of the cooler and more
humid Oxbow site is lower than in case of the Sceptre soil, which is
from the very dry south western part of Saskatchewan. Cultivation practice
seems to have only a small effect on the decrease of the organic carbon
content (Fig. k). The influence of the size of aggregate breakdown due to
cultivation appears to be significant in both soils (Fig. 5 and 6).
Experimental data on the impact of cultivation on the organic matter
content show that due to the common cultivation practice (3 years crop
rotation with zero litter input due to burning) the organic carbon
content of Sceptre soil virgin grassland decreased by 28% in 20 years.
This is equal to the decrease calculated with the model (Fig. k).
Further development of this model dealt with loss of organic matter due
to surface runoff. Therefore the Universal Soil Loss Equation was used.
Erosion appeared to have significant, deteriorative effect on the soil
organic matter level (Fig. 7). The effect is enhanced at lower organic
matter levels.

3. Moisture stress on microbial activity

The osmotic effect of moisture on the activity of soil microorganisms
is simulated by growing microorganisms on top of a membrane, which is
in contact with medium with a variable osmotic potential. Osmotic stresses
were effected by addition of polyethylene glycol, 20,000 to the medium.
First results showed that the microbial activity which was determined by
measuring t.-<o C02-production was affected by osmotic stress. Due to an
osmotic stress the CO?-production of a Pseudomonads bacterium decreased
from 0.6C mg C02-C»h~* at zero stress to 0.20 mg C^-C-h"1 at the loga-
rithmic growth phase.
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4. Nitrogen cycling in a short rotation forest

Based on a rough estimation of energy balances in a short rotation forest
reported in the 1978 annual report it was concluded that the economical
results strongly depend on the nitrogen cycling within the system. There-
fore experiments were started to evaluate the size of some of the nitrogen
pools in a short-rotation poplar field. Those experiments were carried out
in cooperation with the Foundation for the Promotion of the Production of
Industrial Wood, and the Dorschkamp Research Institute for Forestry and
Landscape Planning. Poplars {Populus spec. L.) of the variety RAP were
planted in the spring of 1974, with a spacing of 2 x 2 m (i.e. 2500 trees
per ha) at a plot in Hummel o, in a loamy clay. To estimate the annual dry
weight production and to analyse the N-content of the various parts of the
tree, two trees were lifted in April 1979, i.e. after 5 growing seasons.
The dry weight and the N-content are shown in table 1. The annual dry weight
production was 17.8 ton/ha. When leaves and roots are not harvested as fuel
wood the mean harvest would be 14.4 ton/ha, which is about half the
production which was estimated to be the maximum production of wood and
bark. This production may be possible if the spacing was reduced from 2 x 2
to 1.5 x 1.5 m, at which 25.6 ton ha""1^"1 would be produced. Considering
the observed small rooting space and the minimal competition for sunlight
and sufficient water supply this would be possible, in our opinion, provided
enough nutrients are available. From the data on the nitrogen contents of the
trees (table 1) it appeared that the annual nitrogen requirements are
approximately 108 kg N ha"1.

Table 1 - Dry weight and nitrogen content of composing plant parts of
5-years old poplar trees; mean data of two trees

Plant Part

Root trunk

Lateral roots

Bole

Branches

Soil cover

Total

Dry weight
(kg.ha-1)

5141

4924

63786

8110

7099

89060

Nitrogen content
(kg N ha"1)

31

51

274

69

117

542

When only bole and branches would be harvested the annual nitrogen export
will be 69 kg N ha"1.

Total nitrogen, NHj and NOÖ -content of the soil at several depths as well
as the organic C content and pH are given in table 2. Denitrification,
i.e. transformation of NO3 into gaseous products such as N2O and N 2 was
measured using the acetylene-blockage technique. Acetylene is known to
inhibit the transformation of N2O into N2, which is the last step of the
reduction of NO3 to N2. Acetylene was applied to two columns (which were
pushed hydraulically into the forest soil) by flusing the column with a
mixture of air and acetylene to a concentration of 10% at a rate of 1.8 1
h"1; two other columns were not flushed and served as blanks. After over-
night flushing gas samples of 10 ml were taken at 40, 60 and 80 cm depth,
via copper tubes buried in the soil at the start of the experiment. Gas
samples were taken daily during a period of three weeks. N2O, CO2 and
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acetylene-concentrations in the samples were measured by gaschromato-
graphy. Data for three days with some typical weather condtions for
this time of the year in The Netherlands are given in table 3.

Table 2 - pH, total organic C, total N, NH^-conc. and NO3 cone, at
various depths of a soil used for short rotation forestry
with poplars

Depth

0- 10

10- 20

20- 30

30- 40

40- 50

50- 60

60- 70

70- 80

80- 90

90-100

pH(KCl)

4.7
3-6

3.3
3.7
3-4

4.7
7.2
7.6
7.8
8.0

Total organic C
(*)

2.9

2.8

2.3

1.1

0.7

0.5

0.6

1.5
2.0

2.2

Total N
kg N ha"1 x 103

22.1

18.2

7.8
11.7

5.2

2.6

1.3

1.3

1.3

1.3

kg N ha"1

11.1

9.3
10.2

6.2

6.2

5.1

5.1

5.1

5.1

4.0

NO3
kg N ha"1

16.8

12.1

11.5

6.7
7.9
10.3

12.6

20.8

20.7

20.8

It is obvious, that both temperature and moisture conditions highly
affect the denitrification. Acetylene application, though present at
concentrations above the minimum of 0.1% required to block the N2O -*•
N2 conversion, did not increase the N2O concentration. This might be
due to the fact that at low pH mainly N2O is produced. Denitrification
depends very much on the microbial activity in soil. This is shown by
the observed linear relationship between CO2- and N20 content (table 3).

Table 3 - Concentrations of N2O and CO2 in soi1-atmosphere samples at
various depths with and without acetylene application. Samples
were taken at three days with some typical weather conditions
representative of spring in The Netherlands. Day 1, air
temperature 18 °C, dry; day 2, air temperature 12 °C, wet;
day 3, air temperature 20 °C, wet. Figures are mean values of
two replicates

Depth
(cm)

40

60

80

N2O (ppm)

+ acetylene

Day
1 2 3

0.3 3-3 2.6

0.5 3-5 5.3

0.8 10.5 13.0

- acetylene

Day
1 2 3

0.3 5-7 6.5

0.4 8.5 10.2

0.4 6.-. 14.4

CO2 (ppm)

+ acetylene

Day
1 2 3

0.04 0.3 0.3

0.08 0.3 0.4

0.05 0.4 0.9

- acetylene

Day
1 2 3

0.04 0.3 0.5

0.06 0.5 0.5

0.05 0.4 0.6
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To illustrate the meaning of the values of the N2O concentrations with
respect to the potential loss of N from the soil due to denitrification
the following calculation can be made. Supposing a concentration gradient
dc/dx of 10 ppm between soil surface and a point at 80 cm depth, a
diffusion coefficient, D, of 200 cm 2^" 1 and a soil air volume of 0.3 cm3-
cm"3 then the nitrogen flux f equals

f = -D--^ = 11 kg N-ha-^y" 1

Although this is a very rough estimate especially due to the large
variation in the value of D, which depends highly on soil conditions, it
stresses the potential importance of denitrification with respect to the
soil nitrogen cycle.

5. Denitrification

To improve and test the method to measure denitrification which is
described above (k), a column experiment was started in the laboratory.
Water, NO3 (200 mg NO3-N I"1) and NO3 plus glucose (500 mg glucose 1"*)
were continuously added, at a rate of 2 ml-h"1 to three columns (0 15 cm,
length 60 cm) packed with a clay soil. The leachatewas daily measured and
analysed for NO3, NO2, total-N and total organic carbon. Gas samples
were taken daily at three depths and analysed for N2O with a gaschromato-
graph. After equilibration the columns were flushed with a mixture of air
and acetylene (ratio 9 : 1) for Zk hours. After flushing the measurements
were continued. All results are not yet available but N20-production is
obviously related to the availability of decomposable organic compounds
(glucose) and is not affected by the NO^-concentration.
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Fig. 1 - Calculated effect of the value of the biomass turnover time, k on
the biomass size in a soil of the newly reclaimed Usselmeerpolders.
Case 1 : k = 0.003 (day"1) for active and inactive microbes
Case 2 : k = 0.08 (day"1) for active microorganisms

= 0.003 (day"1) for inactive microorganisms
Case 3 : k = 0.08 (day"1) for active and inactive microbes.

Fig. 2 - Calculated effect of the value of the biomass turnover time, k on
the NO3 content of a newly reclaimed soil in the IJsselmeerpolders.
0 - 0 k = 0.003 (day"1) for active and inactive microorganisms
x - x k = 0.08 (day"1) for active microorganisms

= 0,03 (day"1) for inactive microorganisms
• - • k = 0.08 (day"1) for active and inactive microorganisms.

Fig. 3 - Simulated effect of cultivation (3 years crop rotation with zero
litter input during the first 50 years of cultivation) of virgin
grassland (v) on the soil organic matter content of an Oxbow (0)
and Sceptre (S) soil (0-10 cm).
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Fig. h - Calculated effect of cultivation practices on the decrease of
total soil organic C-content of the upper 10 cm of a Sceptre
soi 1.
The decrease is due to cultivation of virgin grassland,
x = 3 years-crop rotation, with zero litter input during 50 years
o = 3 years-crop rotation
A = 2 years-crop rotation
• = continuous cropping.

Fig. 5 - Calculated effect of aggregate breakdown, effected by variation
of FOPV, i.e. the factor expressing the fraction of organic matter,
which is physically protected on the decrease of total organic
matter content in the 0-10 cm layer due to cultivation of a virgin
grassland, Sceptre soil. Cultivation practice is continuous cropping,
o FOPV = 0.5 (equal to the value taken for virgin grassland)
• FOPV = 0.35
x FOPV - 0.2.

Fig. 6 - See Fig. 5 for an Oxbow soil.

Fig. 7 " Calculated effect of erosion of the organic matter level of
cultivated soil (Oxbow soil)
v = virgin grassland
c = cultivated sell (continuous cropping) without accounting for

erosion
e = cultivated soil (continuous cropping), erosion included.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE PROPERTIES OF CROP PLANTS j

RESEARCH GROUP A» INVOLVING PROJECTS 95, 99 and 120.

Nutrient uptake and (re)distribution =. ; ^ f

Research in this field comprised the acquisition of nitrogen and the
absorption and translocation of a number of«physiological (Ca2+, Cu2+)
and non-physiological (Cd2*, Sr2+, Ag+) cations by a number of species.

Nitrate uti1ization by dwarf bean was studied in relation to energy re- •
qtirement and protein production. It appeared that nitrate uptake is an
indueible process, with about 6 h Induction time. A flow-sheet for the
fate of N05 during the induction phase demonstrated that 75% of the
absorbed nitrate remained unmetabolized and that about 90% of the
nitrate reduction was root-borne. Nitrogen fixation by the fern Aaolla
occurs as a result of a fern-alga symbiosis. At pH 8.5 and in a medium,
devoid of oxygen, symbiotic N2 fixation was maximal. The concentration
of N2 in thé medium was without effect, while carbon monoxide at a
level of 1% almost completely blocked N2 fixation.

The flux of Ca2+ to meristems of tomato and maize is an important factor
in the control of Ca2+-related crop diseases. For both maize and tomato,
it was demonstrated that a day-night rhythm exists for the translocation
of calcium to meristems. In the dark, more Ca?+ Is transferred1 than in
the light; as derooted plants exhibit the same phenomenon, the root
system could be excluded as the regulatory site. Upon addition of Cd2+

to the root medium of tomato and barley, the ionic concentration of
cadmium, as measured with a Cd2+-sensitive electrode, decreases rapidly.
As inferred from the concentration of 115Cdm in solution, the uptake of
Cd by roots was initially negligible. This discrepancy suggests a rapid
complexation of Cd2+ by a root-produced compound.

Some aspects of the current research on nutrient uptake and distribution
may be considered as transient to the new ITAL-programme. Examples are
the effect of nitrogen nutrition on proton fluxes and on the exudation
of nitrogenous compounds in the rhiszosphere, and the effect of root
exudation products on the efficiency of a bacterium-legume symbiosis.
The characterization of root exudates, especially in relation to their
potential for nutrient binding will also be continued in the new research
programme.
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PROJECT No. 95 ANNUAL REPORT 1979

F. van Dorp, M.J. Frissel, S.C. van de Geijn, D.H. Ketel

THE MINERAL NUTRITION OF AGRICULTURAL CROPS IN RELATION TO THE COMPOSITION
OF THE NUTRITIONAL MATRIX WITH EMPHASIS ON THE NITRATE AND PHOSPHATE
ABSORPTION. RELATED MODEL STUDIES

1. Cation transport in plants

in intact tomato plants

in the polarity of calcium
8

Diurnal rhythms in calcium transport

Experiments on the day/night changes
transport have been completed. Results with 8 h uptake periods
either in the dark or in the light confirm the results obtained
previously. Distribution patterns in derivated plants after 8 h
uptakevin the dark or in the light showed that root pressure does
not have the importance suggested in literature.

Cation exchange transport along unsaturated exchange sites in the
xylem. ' «

SeveralpreliminaVy:- tests were made to evaluate the possibility
of an exchange transport in the absence of a water flow. The
technical realization of such experiments is extremely difficult
as all possible-artifacts must »bè excluded. Further work is in
p r o g r e s s . - w - ^ ? .,' •'''._._•

Transport of caJVcjCjm ia/ïd-strontiurn .L(IQ soyabean_plants at very low
solution concentration^ . i'J^lli^

At the request of, and^Jj-gcbl labor'a"ei.ön wj^h Ka]4€sa Mbanda (Dept.
of -Plant.Physiology, Pror".Dr. C. Mytt^a'eVe, Loutfain-la-Neuve)
tests were done to detj&r.ijiTne whether nutrient composition and
___^__^u-<-:~^i.:u^„» , jj^£^||^|1f^uerice on tne internal^ transport

t öf modulated soyabean plants.of q^j^aim-yfi- tfie aeriafPpi
Experffffients werestöriducted at constant ionic strength;and at a
cofos.t9ni^|ii^g-ffratib,.^|r-t)e3.,i^^^^ce of theicalciym cohceatration

"-fifanspqljic.o:

A\\ i'êsv;̂ Ré_5jü:] ts" i'.%Si^§r;fyj^$}agr.-.&ê^^^^^^&mê^zOhts i_ned' earl 'ier
}"'•,

s o f p a p y r t p - >...•.•;

Seriating to work on the uptake and diffributton of copper and
copper-tetren. reported elsewhere, experfments-wère performed to
obtain information on the various c i r.cum*stance%, which may
influence the mobility of copper in the xylem. So far the copper
concentrations, the concentration of/other elements (Ca, Mn, Zn)
and the presence or absence of tetren have been considered. It is
concluded that the complex-formation with tetren changes the
specificity of the copper binding to the charge sites, thereby
making it more susceptable to interactions with other elements.
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Characterization of cadmium uptake from and comp1exation in the root
medium of tomato plants and barley

Cadmium uptake by roots of intact tomato plants (Lycopersiaon esou-
lentum Mill. cv. Moneymaker), grown during 7 weeks on a aerated,
complete nutrient solution, was studied in controlled conditions
(pH 5.0, 23 °C, light 20,000 lux) in short duration experiments.

A Cd-selective electrode was used for direct measurement of the
Cd^+ concentration in 500 ml nutrient medium (Fe-EDTA omitted). A
considerable decrease of the Cd 2 + concentration took place within
a few minutes after application of the cadmium. This was observed
when cadmium was applied to one plant in several steps, raising
the initial Cd^+ concentration stepwise from 2.10"6 M to about
4.10"1* M, and in a series of experiments where one cadmium con-
centration was given to one plant, covering a comparable initial
Cd2+ concentration range. The time course of Cd-concentration was
also followed using 11^Cdm, and sampling the solution at intervals.

As a consequence of biological variability differences in
stabilizing the pH at 5.0 with pH stat-work and differences in root
distribution in the 500 ml solutions, high variances were observed
between replicates in the one Cd-addition per plant experiments. As
these factors were partly eliminated in the first type of experiment
the Cd-uptake determined with both the electrode and the radio-
activity measurements could be related very well to the initial
concentration. The results of such an experiment are given in fig. 1.

Much attention was paid to the reliability of the electrode, because
of its unusual application in our experiments. Several tests proved
the accuracy of the electrode measurement within h%. From these and
other observations two important conclusions can be drawn:
(a) A part of the added cadmium is complexed in the medium within a

very short time after its application to the roots of intact
tomato plants.

(b) The complexation is induced by the added cadmium.

The registration of the decrease of Cd by uptake and complexation
in the first minutes was generally not reliable mostly due to mixing
problems. Extrapolation to time zero at each addition was done as
illustrated in fig. 1.

After plotting the intercepts at time zero against the log of accessory
initial concentrations a linear relationship is observed (fig. 2)
indicating a high dependency of the quantity of complexed Cd'+ on the
initial concentration. As complexation of Cd2+ was also found at k °C
and in the dark at 23 °C, but was absent when roots were exposed to
low pH (pH <k), it is assumed that the complexation is not strongly
related to metabolic activity, but more to the physico-chemical
properties of membranes of root cells.

Attempts to isolate complexing agents excreted by roots, showed the
absence of organic high molecular weight compounds. Attempts to separate
organic low molecular weight compounds failed, mostly due to the loss
of these substances during dialysis.

Experimental disadvantages, related to the use of tomato plants are
avoided when barley (Hovdewn vulgare L. cv. Piccolo) is used. Within
two weeks, groups of about 100 seedlings produce rootmasses which are
suitable for experimentation. Results of the first experiments show
that biological variability is eliminated, pH stabilization with pH
stat-work is reached within a few minutes, electrode registration is
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reliable immediately after Cd*+ addition and the decrease of Cd*+

from the medium per g dry matter root weight is considerably more
comparable with the same biomass of tomatoroots.
Analysing total Cd in the medium in these experiments by AAS in-
stead of the use of radioactive cadmium seems to be not very
successful as a consequence of low reproducibi1ity together with
high dilution calculation factors.

Other experiments are in progress to confirm this probable
complexation of cadmium by barley roots.
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Fig. I - Apparent Cd-uptake as calculated from ion-selective electrode
measurement (A) and from [115Cdm] essay (B) at different Cd**
concentrations. Successive treatments with [115Cdm] - t ^
1 = 5 MM; 2 « 15 uM; 3 = 35 yM; k - 75 pM; 5 « 0.32 mM.

Fig. 2 - Calculated amounts of complexed Cd at different initial Cd 2 +

concentrations from k replicated experiments.
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H. Breteler, Ch.H. HSnisch ten Cate

ANNUAL REPORT 1979

NITROGEN NUTRITION OF PLANTS IN RELATION TO ENERGY BALANCE AND
ACCUMULATION OF AM I NO ACIDS AND PROTEINS

Research on the nitrate utilization process in dwarf bean was continued
in 1979. Special attention was paid to the time-courses of uptake and
reduction of NO? and its fate during initial exposure of plants to
nitrate.

Time-course of nitrate utilization

The rate of nitrate uptake by N-depleted French dwarf beans (Phaseolus
vulgcaris L., cv. Witte Krombek) increased steadily during the first 6 h
after addition of NO3. After this initial phase the rate remained
constant for many hours. Detached root systems showed the same time-
course of uptake as roots of intact plants.

In vivo nitrate reductase activity (NRA) was assayed with or without
exogenous NO? in the incubation medium, resulting in potential and
actual activities, respectively. In roots the difference between actual
and potential NRA disappeared within 15 minutes after addition of nitrate
and NRA increased for about 15 h. Both potential and actual NRA were
initially very low. In leaves, however, potential NRA was initially very
high and was not affected by ambient nitrate for about 10 h. Actual and
potential leaf NRA had the same value after the same period of time. In
the course of nitrate nutrition, the two NRA's in leaves were different-
ially inhibited by cyclohexirnide (Table 1) and tungstate (Table 2). We
suggest that initial potential NRA reflects the activity of pre-existing
enzymes, whereas actual NRA depends on enzyme assembly during NO3 supply.

Table 1 - Effect of cycloheximide (3-6 mmol m~3) on actual and potential
nitrate reductase activity of dwarf bean leaves after 6 h of
nitrate supply to intact plants (5 mol m~3) or excised stems
(50 mol m ~ ^ ) , or after 6 h in N-free basal medium (BM).
Cycloheximide was added together with nitrate. Results are ex-
pressed as NRA (+CHI) as percentage of control (without CHI)
and given +_ SD (n=4). Control value (potential NRA after 6 h in
BM): 16.2 nmol N0£ disc"^" 1.

Treatment

Intact plants

BM

BM + NO3

Excised stems

BM
BM + NO3

NRA (+CHI)
NRA (-CHI) 'UU

Potential

104 + 3

70 + 13

81 + 16

7 5 + 9

Actual

17 + 6

36 + 8
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Table 2 - Effect of tungstate (Na2W0j,, 1 mol m~
3, pH 5.0 with h^SOj,) on

actual and potential nitrate reductase activity of dwarf bean
leaves after 6 h of nitrate supply (50 mol m"3) to excised
stems. Tungstate was added 1 h prior to NO3. Results are ex-
pressed as NRA (+W0|;~) as percentage of control (^SO/,, pH
5.0) and given ̂  SD (n=5)• Control value (potential NRA after
6 h in BM) 11.3 nmol NO2 disc"1*!"1.

Treatment

BM

BM NO,

NRA(+W0k")
NRA(-W04~)

Potential

86

9*»

16

Id

100

Actual

3 8 + 1 1

Fate of nitrate

The fate of nitrate and nitrogen-15 was followed during the apparent in-
duction phase (6 h) for nitrate uptake by N-depleted dwarf bean. Ex-
periments were done with intact plants and with detached root systems.
Qualitatively and quantitatively, xylem exudation from detached roots was
a bad estimate of the export of NOÖ or N0o-15N from roots of intact plants.

In vivo NRA agreed well with in situ reduction, calculated as the dif-
ference between uptake and assimilation in whole plants, provided NRA was
assayed with merely endogenous nitrate as substrate ("actual" NRA). About
75% of the nitrate which entered the plant remained unmetabolized and
accumulated mainly in the root system. Approximately 85% of the nitrate
reduction occurred in the roots and some (< 25%) of the root-reduced
nitrate-N was translocated to the shoot (Figure 1). Nitrate uptake
occurred against the concentration gradient between medium and root cells,
and probably against the gradient of the electrochemical potential of
nitrate. Part of the energy expenditure for NOö absorption came from the
aerial parts, since decapitation and ringing at the stem base restricted
nitrate uptake.

Publicat ions

BRETELER, H., HANISCH TEN CATE, Ch.H. and NISSEN, P. Time-course of n i t ra te
uptake and n i t ra te reductase ac t i v i t y in nitrogen-depleted dwarf bean.
Physiol. Plant. k7 (1979): 49-55-

BRETELER, H. and HANISCH TEN CATE, Ch.H. Fate of n i t ra te during i n i t i a l
n i t ra te u t i l i z a t i o n by nitrogen-depleted dwarf bean. Physiol. Plant,
(in press).

BRETELER, H., HANISCH TEN CATE, Ch.H. and NISSEN, P. Nitrate u t i l i z a t i o n
by nitrogen-depleted dwarf bean. XII Nordic Congress Plant Physiology,
Tromsrf, p. 15 (1979).
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BION Working Group "Biological nitrogen cyc le" , Wageningen, November
1979-



- 71 -

HANISCH TEN CATE, Ch.H. and BRETELER, H. Effect of plant growth substances
and of carbohydrates on nitrate uptake and nitrate reduction in
Phaneolun vuVjavia. Internal colloquia Association Euratom-ITAL,
October 1979-
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BRETELER, H. and JANSEN, M.J.H. Determination of nitrogen-15 by emission
speetrography. Meeting of chemists in Wageningen, June 1979.

Figure 1 - Flow sheet for absorbed nitrate during the first 6 h of nitrate
uptake by dwarf bean. Open arrows present NO3 fluxes, dark
arrows represent NO3 reduction and flow of reduced NO3-N.
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PROJECT No. 120 ANNUAL REPORT 1979

J.H. Becking, T.W. Strubbe

SYMBIOTIC NITROGEN FIXATION, INCLUDING SELECTION OF HHIZOBIUM STRAINS

1. Experiments on nitrogen fixation by Azolta spp.

The experiments on the physiology and ecology of Azolla spp. have been
continued.
The optimal pH of the nutrient solution for the growth and dinitrogen
fixation of Azolla was determined. Azolla pinnata R.Br. previously grown
on a medium of pH = 6.9 showed optimal nitrogen fixation at pH = 6.3
with a nitrogenase (C2H2) activity of 101 +_ 9 ymoles C2Hj,/g dr.wt/h.
At pH 5-1 and 8.3> the nitrogenase (C2H2) activity was 79 ± 5 ymoles
CoHt/g dr.wt/h. When the Azolla plants were kept for one week on
nutrient solutions of various (constant) pH values a considerable
reduction of nitrogenase (C2H2) activity occurred and there was a shift
of optimal nitrogen fixation to the higher pH values (pH 8-9). Optimal
nitrogen fixation occurred at pH = 8.5 with 95 ± 4 ymoles C2H/,/g dr.wt/h,
and at pH 3-7 the activity was only 3^ + 3 ymoles C2H/,/g dr.wt/h. The doubling
(generation) time of Azolla was estimated. In Azolla pinnata R.Br.
maximal growth occurred in the pH range 7-0 - 8.3 with a doubling time
of 3-5 days. At pH value of 3-7 the doubling time was 7.2 days.
The composition of the gas atmosphere had a great effect on the acetylene
reduction rate. Dinitrogen (C2H2) fixation tested at partial pressrres
of 5, 10, 20, 60, 80% v/v) C2H2 showed maximal nitrogen fixation with
10% (v/v) C2H2 of 42 ymoles Ĉ fty/g fresh wt/h. Considerable lower
acetylene reduction rates were measured with 5 and 20% (v/v) C2H2 and
with 80% (v/v) C2H2 the nitrogenase activity was almost completely
inhibited. No effect of various partial pressures of N2 was observed
on the nitrogenase (C2H2) activity of Azolla spp. Carbon monoxide,
however, inhibited nitrogenase (C2H2) very seriously. At a partial
pressure of 0.1% (v/v) CO the acetylene reduction was 25% of normal,
whereas with 1.0% (v/v) CO only 3% of normal. A concentration of 0.01%
(v/v) CO did not affect the nitrogenase (C2H2) activity rate. In the
intact symbiotic system of Asolla spp. the highest acetylene reduction
rates were measured under anaerobic conditions (100% Ar). In an at-
mosphere of Ar : O2 = 80 : 20 (v/v), the nitrogenase (C2H2) activity
was 40% of that under anaerobiosis. In an atmosphere Ar : CO = 90 : 10
(v/v), the acetylene reduction rate was nil. With the aid of N-15
labelled dinitrogen, the nitrogenase activity of Azolla spp. was
measured and compared with the acetylene reduction test under identical
conditions. The isotope experiment was conducted in an atmosphere
containing No (10% (v/v); 40 atom % excess N-15), Ar (71.7% v/v)),
O2 (18% (v/v)), C02 (0.3% (v/v)). The

 15N2 incorporation was 72.8
Minoies N2/mg N/h or 2.49 ymoies N2/g dr.wt/h (Fig. 1). The acetylene
reduction measured under identical conditions gave 17.7 ymoles Ĉ lty/g
dr.wt/h. The calculated conversion factor C9H2/N2 = 17-7/2.49 =7.1.
The theoretical factor as calculated from electron flow is 3.0; the
reason for discrepancy between theoretical and experimental value is
not yet known.

The quantitative relationship of the H2 production in the absence of
reducable substrate (N2) is a measure of the efficiency of the di-
nitrogen fixation process. The H2 production in Ar (100%) with Azolla
pinnata R.Br. was 2.4 ymoles ^/g fresh wt/h and in an atmosphere
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Ar : O2 = 80 : 20 (v/v) about 40-50% of the value under pure Ar. The
relative efficiency of the nitrogen fixation process can be expressed
with the formula

Relative efficiency = 1 - TT- Hz (a'r)
Ö2:CÖ2) or C2H2 reduction

Relative efficiency values of 0.978 and 0.998 were obtained for the >
Azolla symbiotic system, these values are rather high, since for legumes
the relative efficiency varies between 0.4 and 0.6.

In free-living Andbaena species and in other blue-green algae the
nitrogen fixation capacity is confined to a special type of cells, the
"heterocysts", which show no photosynthesis and therefore no oxygen
evolution (oxygen inhibits nitrogen fixation). Photosynthetic activity
is only present in vegetative cells. In order to examine this situation
in Andbaena azollae Strasburger experiments with tetrazolium salts were
conducted to identify the reducing sites in the algal cells. Both tetra-
zolium chloride (TTC) and nitra-blue tetrazolium chloride (NBT) were
used in 0.01% (w/v) concentration.
Reddish-blue formazan crystals were indeed formed in the heterocysts.of
Andbaena azollae, but on other occasions the vegetative cells also
showed formazan formation. The latter would indicate that they have a
greater reducing capacity than vegetative cells of free-living forms of
blue-green algae. With chemo-autoradiographic methods using filaments
of Andbaena azollae cells it was clearly demonstrated that silver particles
are formed near the heterocysts and not along the vegetative cells.

Heterocyst frequency of Andbaena azollae was measured in the successive
leaves from the apex. At the same time the nitrogen fixation of the
filaments in the leaf cavity was also assayed with the acetylene
reduction test. As shown in F"g. 2 there is an increase in heterocyst
frequency from the apex reaching a maximum (ca. 45%) at leaf number 13,
whereas the nitrogen fixation showed a maximum at leaf number 9*
Obviously at the higher leaf numbers a certain proportion of senescent
heterocysts are present.

2. Nitrogen fixation by Rhizobivm symbioses

Following a request by the Foundation of Agricultural Plant Breeding
(S.V.P.) at Wageningen, a number of Rhizobivm leguminosanan Frank strains
were isolated from selected Vioia faba varieties (Minica, Maxime, N.P.E.,
Ch 487) of special habitats (Randwijk, FJevopolder, de Born). Experiments
performed by the S.V.P. showed statistically significant differences of
these.Rhizobivm inocula on the performance of these Vioia faba L.
varieties with regard to nodulation and production (see report S.V.P.).

In Rhizobivm symbiotic systems a comparison was made between the
Rhizobium symbiosis with a legume and with Parasponia. In the latter
species nitrogen fixation as assessed by the acetylene reduction test
was 6.8 ymoles C2H/,/g fresh wt/h. Optimal acetylene reduction was at
an acetylene concentration of 5-10% (v/v); higher concentrations
inhibited nitrogen fixation (measured by acetylene reduction).
Experiments with N-15 labelled dinitrogen gas gave for nitrogen fixation
a value of 248 nmoles N2/g fresh wt nodule/h, thus a C2H2/N2 ratio of
27.5 is obtained instead of the theoretical value of 3-0.



Experiments for estimating the efficiency of nitrogen fixation by the
Bhizobivm symbiosis were seriously hampered by the absence of a
katharometer TCD gaschromatograph for the required CO2, O2 and H2
determinations. Hopefully in the new programme, where efficiency will
be studied in relation to root exudates such an apparatus will be
available.
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Rice Research Institute, Manila, Philippines, 18-21 Sept. 1978 (1979).

Lectures

From November 15 to December 2, 1979 J-H. Becking was on invitation guest-
professor at the Ain Shams University, Faculty of Agriculture, Department
of Microbiology (Egypt). He presented k lectures for students and
scientific staff of the Faculty of Agriculture entitled:

1. Symbiotic nitrogen fixation by non-leguminous plants by actinomycete
symbiosis in the root nodules.

2. Symbiotic nitrogen fixation by Rh-izobium associations and its ecological
and economic importance.

3. Nitrogen fixation by plant-algal symbioses, with special reference to
the Azolla system.

k. Nitrogen fixation by free-living nitrogen-fixing agents, with special
reference to the genera Azotobacter and Beijevinckia.

For the Egyptian Academy of Sciences and the Society of Microbiology he
gave at the Academy building in Cairo the lecture:

Nitrogen fixation, its prospects and future in respect to land reclamation,
agriculture and the energy crisis.

Fig. 1 - Nitrogen fixation as measured by 15N2 incorporation in Azolla
pirmata in relation to the period of exposure.

Fig. 2 - Nitrogen fixation and heterocyst frequency in Azolla pinnata
in relation to leaf number from shoot apex.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE PROPERTIES OF CROP PLANTS

RESEARCH GROUP B GENE MUTATIONS - CHROMOSOME MANIPULATION, INVOLVING

PROJECTS 103. 10*», 118 and 119-

Evaluation of the BARN-reactor

The experiments concerning the effect of fast neutrons, as compared
with X-rays, upon mutation frequency and mutation spectra in Arabidopsis
thaliana (L) Heynh. and Hordeum vulgare L., in relation to the evaluation
of the BARN-reactor, were concluded in 1979- The results were published in
several articles (see literature list in the Annual Report 1979) as well
as in a thesis (Dellaert, L.M.W., 19Ö0. X-ray and fast neutron-induced
mutations in Arabidopsis thaliana, and the effect of dithiothreitol upon
mutant spectrum). One of the main conclusions is that different mutation
spectra are induced by different mutagenic agents (X-rays, fast neutrons,
chemicals). Comparable differences, however, can also be obtained by
manipulating the conditions during irradiation, such as by adding
oxygen-sensitizing compounds (increased 02-concentration; 5-bromo-uraci1)
or by applying radiation-protectors (dithiothreitol or other SH-compounds).

Homozygosing for eleven translocations induced by fast neutron and X-ray
treatments in Arabidopsis was continued. Three of the eleven translocations
were induced by X-rays and eight by fast neutrons. The homozygotes occurred
in 10 out of 11 translocation lines and they were normal in growth,
morphology and fertility. However, in two translocation lines no normals
were recovered. The translocation which was not homozygous viable and
the other two translocations without normals were induced by fast neutrons.
The present sample is too small to permit a conclusion on homozygote
viability differences.

Screening of. the M2 plants of barley derived from fast neutron and X-ray
treatments has begun. Fifteen translocations have been isolated, 12 being
induced by fast neutrons and 3 by X-rays. Self ing, backcrossing and out-
crossing of the translocation heterozygotes were carried out to assess
and separate the breakpoint damage from the background damage.

In rye three translocations in heterozygous condition have been detected,
two being induced by fast neutrons and one by X-rays.

Methodological aspects of mutation breeding

Micropropagation techniques have been developed in several crops. In
Chrysanthemum morifolium, Solarium tuberosum and Begonia x hiemalis in
vitro adventitious bud techniques after irradiation resulted in the pro-
duction of numerous solid (non-chimeric) mutants. In Dianthus aaryophyllus
after irradiation and an in vitro procedure of vegetative propagation,
non-sectored solid-looking mutants were obtained. The solid (non-chimeric)
nature of the mutants has to be confirmed in 1980. In Musaari armeniaoim
leaf-blade expiants were irradiated and cultivated in vitro for two
cycles of adventitious shoot formation. After plantl.et production the
mutation frequencies and spectra at the diploid and tetraploid level will
be compared. In Euphorbia pulcherrima and Forsythia intermedia in vitro
propagation methods were developed; in view of the discontinuation of
this project it is not foreseen that these methods will be optimalized
and used in mutation breeding programmes.
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Somatic cell genetics in plants

Studies on quantitative and qualitative aspects of mutation induction
in cells of Haplopappua gvaailis have been continued and 3 stable
cycloheximide resistant cell lines were isolated. Preparatory studies
have been conducted for the induction of chlorate-resistance.
Experiments were carried out to characterize the factors which are of
importance in the differential cytoiogical and genetical development
of in vitro cultivated plant material.
Using preliminary techniques for extraction and electrophoretic
characterization, it has been demonstrated that during in vitro
cultivation of H. gvaoitis cells a number of proteins, including
peroxidases, are excreted in the growth medium.
The procedure for isolation of protoplasts from potato was optimalized,
resulting in a yield of 106-107 protoplasts per g leaf tissue. However,
optimal isolation-conditions are unfavourable for viabi1ity.öf thé
isolated protoplasts.
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PROJECT No, 103 .' ANNUAL REPORT 1979

L.M.W. Dellaert

THE EFFECT OF FAST NEUTRONS, AS COMPARED WITH X-RAYS UPON MUTATION SPECTRUM
AND MUTATION FREQUENCY IN ARABIDOPSIS THALIANA (L.) HEYNH. AND HORDEUM
VULGARE L. IN RELATION TO EVALUATION OF THE BARN-REACTOR

1. Dose response curves after irradiation treatment of Ardbidopsis seeds:
An explanation for the "saturation" in mutant frequency at high
irradiation doses

In the present experiment explanations were sought for the "saturation"
in mutant frequency, observed after relatively high irradiation doses
(fast neutrons and X-rays) in Ardbidopsis thaliana (L.) Heynh, when
scoring for mutants is dor.e in the siliques (MOller's embryotest) of the
"main" inflorescence of Mi~plants.

It was shown that irradiation treatment has a significant effect on the
development of the mean inflorescence. The number of Mf-plants with
reduced and without apical dominance of the main inflorescence became
larger with increasing irradiation dose. It was demonstrated that the
"saturation" in mutant frequency cannot be (soleley) attributed to a
more frequent scoring of plants in which the main inflorescence cannot
- by visual inspection - be distinguished from equally vigorous rosette
lateral inflorescences (in plants with reduced apical dominance and
without apical dominance). Firstly, no significant differences were found
for the mutant frequency in the main and in the lateral inflorescences.
Secondly, in plants with normal apical dominance and with reduced apical
dominance, "saturation" of the mutant frequency was found for the mutant
frequency in the main and in the lateral inflorescences. Secondly, in
plants with normal apical dominance and with reduced apical dominance,
"saturation" of the mutant frequency was found for the mutant frequency
in the main inflorescence.

It was found that, within medium irradiation doses, the progenies of
the Mi - (main) inflorescence could not be traced back to H]-cel Is
homogeneous in "overall" mutagen sensitivity, since within a given
dose the M2~mutant frequency was not equal for the different Mi~
fertility classes. This result is not in agreement with the results
obtained by Muller (MNU, EMS and X-rays) and Van der Veen (EMS). The
discrepancy is explained by the occurrence of deviations from normal
histogenesis at the irradiation doses applied in the present experiment.
"Replacement" of the initial cells forming the main inflorescence by
cells which have a lower "overall" mutagen sensitivity will result in
a decrease of both (observed) sterility and mutant frequency.

2. The effect of dithiothreitol and fast neutron and X-ray induced genetic
damage in Ardbidopsis

Studies have been carried out on the effect of the presence of dithio-
threitol (DTT) du. ing irradiation, on fast neutron and X-ray ~i>n$jti&£d ;,
Mj-ovuJe sterility, M2~embryonic lethals, M2-chlorophyl 1 rnutafifsjand,. .f^H*
M2~viable mutants in Ardbidopsis thaliana. It was found thSt DTT". '•,',/ Kv
provides considerable protection against both fast neut,i:^eand X^r^
induced genetic damage. "' '^,-.,$p^'C"
However, the size of the protective effect is dependent on^the jg
parameter measured. A larger protection against induced M i : | / i i | ^ ^
sterility, than against induced embryonic lethals, chlorophylls "'tjrjd% ''
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viable mutants was observed. This results in a s ign i f icant spectrum
sh i f t (0.01<p<0.05), i .e . a sh i f t in the relat ive frequencies of the
di f ferent genetic parameters, due to DTT. The DTT induced "spectrum
s h i f t " is explained by the DTT protection against radiation induced
strand breaks, and by differences in the rat io strandbreaks/base
damage between the genetic parameters.

The induction of the genetic parameters by ionizing radiat ion, in
the presence and absence of DTT, can be described by a mathematical
model, assuming the involvement of strandbreaks and base damage in
generating fast neutron and X-ray induced "mutations". Using the
model, i t was shown to at what extent the resolving power of a test
on a mutation specbrum sh i f t , due to -SH compounds, depends on the
re lat ive values of the reduction factor of -SH compounds for
radiation induced strandbreaks, and the rat io strandbreaks/base
damage for the genetic pcrameters. The DTT Damage Reduction Factor
(DRF) per radiation dose and the average rat io strandbreaks/base
damage have been calculated for each parameter. These values are
discussed with reference to the molecular nature of "gene mutations"
produced by ionizing radiation.

3- Ecerifervan mutants in Arabidopsis

The effect of fast neutrons and X-rays (in the presence and absence
of DTT) on the absolute and re lat ive frequency of eoeriferum
mutants in Arabidopsis was studied. I t was found that there are
signi f icant differences (p<0.0i) in "group" mutabi l i ty between the
mutant spectra induced by fast neutrons and X-rays. Fast neutrons
induce relat ively more eoeriferum mutants than X-rays and this
difference is consistent over several i r radiat ion doses. For the
-SH radio-protector DTT, no effect on induced mutant spectrum was
found.

The phenotype of the wax coating of 53 eceriferum mutants of
Arabidopsis thaliana (L.) Heynh has been characterized by macroscopic
and scanning-electron microscopic techniques. Based on the macroscopic
characterization of the wax coating on stem and s i l iques, and on other
morphological deviations of wild-type ( i . e . semi-steri1i ty and dwarf-
ness) the mutants were classi f ied into 7 main phenotypic categories.
Based on the results of the genetic analysis obtained so far , the
minimum and maximum number of the loci per main phenotypic category
have been determined. The scanning-electron microscopis analysis of
the wax coating on stem and si l iques revealed that in wildtype
Arabidopsis the epicuticular waxes are phenotypically characterized
by (1) a high degree of rodlet shaped crystals, (2) plate - l ike
structures, and (3) an organized wax layer on the stembase, which
decreases in amount towards the s i l iques. In the eceriferum mutants
the rodlet shaped crystals are reduced in size and or frequency, or
completely eliminated. The plate - l i ke structures are reduced in
size and/or frequency, or completely eliminated in mutants which are
v isual ly described by the absence of wax coating. In these mutants
there is often, in contrast to wi ldtype, a thick organized wax layer
present on the s i l iques.
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PROJECT No. 10*» ANNUAL REPORT 1979

C. Broer t jes , S. Roest, G.S. Bokelmann

METHODOLOGICAL ASPECTS OF MUTATION BREEDING

1. Development of micropropagation techniques

a. Qhrysqnthemumjnorifolium

The in vitro adventitious bud technique has been adopted and used
by some commercial chrysanthemum breeders in the i r respective
mutation breeding programmes.

In 1977 the in vitro adventitious bud technique resulted in the
production of more than 3000 plantlets from irradiated explants of
the potato cultivar "Désirêe". These vMi-plantlets were transferred
to the greenhouses of IVP (Department of Plant Breeding of the Agri-
cultural University at Wageningen) and at first sight it seemed that
a high percentage of the mutants was solid (non-chimeric). In 1979
plants of the vM3~generation have been examined under field conditions
in order to arrive at a final evaluation of the significance of the
in vitro adventitious bud technique for mutation breeding.
Using 50 potato-lines of IVP it was again attempted to achieve,
through adventitious shoot formation on in vitro cultured rachis,
petiole and leaflet-blade explants, spontaneous polyploidization and
the subsequent production of homozygous plants.

c. B&goniq_x_hiëmqlis

Using irradiated explants and via the in vitro adventitious bud
technique solid mutants have been produced of the clones "SOi" and
"Schwabenland Red". Some interesting and attractive mutants of both
clones were selected and have been propagated vegetatively. In 1980
clones of these selected mutants will be transplanted at the "Proef-
tuin Lent" in order to enable a final selection by comparison with
other genotypes of the begonia-assortment.

d .

The combination of irradiation and an in vitro propagation method
resulted in the production of 2220 plantlets from 6 different geno-
types. These vMi~plantlets were transferred to IVT (institute for
Horticultural Plant Breeding at Wageningen) and a first evaluation
in 1978 revealed that a great majority of the mutants was non-
sectored and solid-looking. A final evaluation of vM3-plants in 1980
will probably confirm the solid (non-chimeric) nature of the mutants
and the usefulness of this propagation technique for mutation breeding.

e. Musaqri

An in vitro adventitious bud technique was developed for a diploid
blue-flowering cultivar of liusaari armeniacum and one of its
colchicine-induced autotetraploids. In the second half of 1979 in
vitro cultivated plantlets were irradiated with different doses of
X-rays (0, 5. 7.5, 10 and 12.5 Gy) and therefrom, leaf-blade explants
were subcultured for adventitious shoot formation. After two cycles of
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adventitious shoot formation it is intended to produce 640 plant-
lets of each genotype for the comparison of the mutation frequencies
and spectra at the diploid and tetraploid level.
Experiments were also carried out with Musaari botryoidus alba. This
species cannot be propagated through adventitious shoot formation on
detached leaves in vivo. Bulb- and bulb-scale explants of this
diploid white-flowering species demonstrated the potential for
adventitious shoot formation. It was further investigated whether a
fast micropropagation can be realized through adventitious shoot
formation.

f.

Numerous adventitious shoots were initiated on in vitro cultured stem
explants of the cultivar "Anette Hegg". Anatomical observations
revealed the involvement of the epidermal cell layer during shoot
initiation. Since only a limited number of shoot initials had
developed into shoots and subcultured shoots sporadically had
initiated adventitious roots, it is not foreseen that this method
wilt be used for mutation breeding of poinsettia.

Generally the in vitro propagation of trees and shrubs has proven to
be rather difficult. However, in the woody ornamental Forsythia, a
micropropagation technique has been developed through adventitious
shoot formation on leaf-blade explants from in vitro developed shoot-
lets. In cooperation with the Research Station for Arboriculture at
Boskoop and after further optimalizat ion this adventitious bud
technique will possibly be used for mutation breeding.

2. The comparison of dipioids and autotetraploids

The experiments with the diploid Saintpaulia cultivar Eva and its
colchicine-induced autotetraploid have been discontinued because of the
extremely poor and slow growth of the plantlets obtained after the
irradiation with X-rays or fast neutrons of leaves of the autotetraploid.
New experiments were carried out, this time with the diploid cultivars
Heidi and No. 33 and their respective colchicine-induced autotetraploid
forms. The results will be available in 1980-
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PROJECT No. 118

K. Sree Ramulu

ANNUAL REPORT 1979

COMPARISON OF FAST NEUTRONS AND X-RAYS IN RESPECT TO GENETIC EFFECTS
ACCOMPANYING INDUCED CHROMOSOME ABERRATIONS, IN RELATION TO THE EVALUATION
OF THE BARN-REACTOR

The M2 and M3 plants derived from both fast neutron and X-ray treatments
have been studied to detect and analyse reciprocal trans locations in
Arabidopsis thaliana (L.) Heynh. cv. Landsberg erecta (2n = 10), Hordeum
Vulgare L. cv. Aramir (2n = 14) and Seaale ceveale L., summer inbred line
ZF9 (2n = 1 4 ) .

1. Avabidopsis thaliana (L.) Heynh.

The range of semi-steriiity considered to indicate potential trans-
location heterozygosity was 20 - 6C&. Of the 487 semi-sterile M^
lines (approximately 7000 M2 plants), 192 segregated 1 : 1 for
ovule fertile : semi-sterile, but only 147 seemed to segregate both
for pollen and ovule semi-sterility (Table 1). Fast neutron treat-
ments were several times more effective than X-ray treatments.

Table 1 I- Number of semi-sterile plants in the M^ and M2 after treat-
' ment with X-rays or fast neutrons in Avabidopsis thaliana

(L) Heynh.

Treatments

X-rays 140 Gy*

233 Gy

326 Gy

Fast neutrons 20 Gy

33 Gy

47 Gy

Total

Mi generation

No. of
plants
studied

661

556

543

604

597
593

3554

No. of
semi-

steri1e
plants

74
122

81

87

108

105

577

M2 generation

No. of
semi-

sterile
Mj lines
studied

74

99

59

87

85

83

487

Mo. of lines seg.
for semirsteriles

: fertiles
semi-steri 1 ity
determined in
only
ovules

31

36

26

29

32

38

192

ovules +
pol ten

16

31

19

21

30

30

147

a: A total of 810 seeds were treated per dose in three separate ex-
periments.

*: 1 Gy - 100 rad



Of the 1*»7 semi-sterile M2 lines, 22 were analysed in meiosis.
Eleven lines contained translocations in heterozygous condition,
8 from fast neutron treatments and 3 from X-ray treatments, where-
as the other 11 lines had consistently 5 pairs of chromosomes in
approximately 10 cells analysed per cell. All the 11 translocation
lines contained 1 quadrivalent and 3 bivalents. The proportion of
cells with ring and chain quadrivalents of zig-zag or non zig-zag
orientation varied among the 11 translocation heterozygotes causing
differences in the percentages of ovule and pollen sterilities. The
average pollen sterility ranged from 31 to k8% and the ovule
sterility from 30 to 52%.

b. y.j,ab|IitY_of_trans2ocat mn_homozygotes

During the isolation of the translocation lines the heterozygotes
were self-pollinated to recover the homozygotes. The data on the
segregation after selfing of the translocation heterozygotes are
shown in table 2. Altogether 241 progeny plants from the 11 trans-
location lines were analysed for both ovule and pollen sterilities.
The frequency of semi-steriles was markedly higher than that of
fertiles, thesemi-steriles carrying translocations in heterozygous
condition and the fertiles containing homozygotes for translocations
and normals. To recognize the homozygous translocations, the fertiles
were crossed to a genie male sterile line of the parent genotype.
Test-crosses were also performed between the fertile progenies and
another cultivar, Estland. The results show that the homozygotes
occurred in 10 out of the 11 translocation lines and they were
normal in morphology, growth and fertility. However, in T2 and T6
no normals were recovered. The non-occurrence of homozygotes in T1
can be due to breakpoint-associated or closely linked lethality.
The complete absence of normals in T2 and T6 suggests that lethal
recessives have been induced in the normal chromosomes. This means
that background damage may be important.
Three of the eleven translocations were induced by X-rays and eight by
fast neutrons. Translocations 1, 2 and 6 were induced by fast neutrons.
The present sample is still too small to permit a conclusion on
homozygote viability differences.
To assess and separate the breakpoint damage from the background
damage all the 11 translocation heterozygotes were crossed to another
cultivar, Estland and the progenies are being analysed for trans-
location viabi1ity.
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Table 2 - Segregation of M3 progenies after inbreeding of the M2
translocation heterozygotes of Arabidopsis thaliana (L.)
Heynh.

Translo-

cat 1 ons

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11

Total

ur 1 g

Nf
Nf
Nf
Nf
Nf
Nf
X-rays
X-rays
Nf
Nf
X-rays

1 n

47
hi
'•7
33
hi
33
233
233
33
33
326

Gy
Gy
Gy
Gy
Gy
Gy
Gy
Gy
Gy
Gy
GY

No. of
progeny
plants
analysed

16
14
20
35
9
32
17
28
33
27
10

241

Number of plants

(hetarozygotes)

9
9
14
22
5
16
11
17
21
16
6

146

segreqati ng i n
Fertiles~

lomozygotes

-

5
3
12
2
16
2
5
5
7
1

58

normals

7
-
3
1
2
-
4
6
7
4
3

37

* : Homozygotes and normals were recognized af ter crossing of the
fe r t i l e s with the parent genotype (male s te r i l e line) and another
genotype ( c v . Estland).

2. Hovdeum vulgare L.
a- is.2la.£i2G_2£_£r.a.n.il2c.3!:i2n.§

Altogether 567 M2 plants out of 2953 M2 seeds (1 seed per Mi selfed
spike) from six doses of X-rays and fast neutrons and from a control
have been so far analysed for pollen and ovule fertility. The results
showed that there is about 35? correlation between pollen and ovule
sterilities. Furthermore, the data indicated that the ovule semi-
sterility can serve as a reliable, rapid and easily scorable parameter
to detect translocation heterozygotes. From these tests 98 potential
plants (semi-sterile in pollen and ovules) were selected for scoring
translocations in meiosis. Among the 72 plants analysed up till the
present, there were 15 translocation heterozygotes, 12 being induced
by fast neutrons and 3 by X-rays, 8 mutants affecting meiotic events
(chiasma formation, spindle apparatus and chromosome disjunction),
1 trisomic and 1 plant with an extra centric fragment.

In 11 translocation heterozygotes, 1 quadrivalent and 5 bivalents were
observed, whereas 2 other translocation l ines (T6 and T10) contained
1 hexavalent and 4 bivalents. Al l the translocation heterozygotes
showed ring and chain multivalents of zig-zag (alternate) and non
zig-zag (adjacent) orientations (Table 3)- Some translocation lines
also contained frying-pan type of interchange multivalents. The pro-
portion of ce l ls with al ternate and adjacent orientation of the
multivalents varied among the di f ferent translocation l ines. The
frequency of cel ls showing adjacent or ientat ion was generally higher
than that showing alternate or ientat ion.



Table 3 - Orientation of quadrivalents and pollen and ovule sterility in translocation heterozygotes of
Uovdeim vulgave L.

Trans locations

Tl

T2

T3
T4

T5

T6*

T7
T8

T9
T10*

T11

Tl 2

T13

T14

T15

Origin

Nf
Nf
Nf
X-rays

Nf
Nf

Nf

Nf

Nf

Nf

X-rays

Nf

X-rays

Nf
Nf

2

4

2

20

4
4
1

2

2

2

60

2

60

2

4

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Gy

No.
zig-zag

rina,s

-

3
-

4
10

7
4

5

9
15

8

9

7
8

9

chains

-

2

-

4

3
1

11

0

13
1

11

2

2

9
8

of quadrivalents

non z

rincjs

-

12

-

11

24

15

14

11

41

12

4
88

12

30

21

ig-zag

chains

-

4
-

5
2

0

0

0

1

1

2

0

3

3
0

others

frying-pan

-

1

-

2

0

0

2

2

3
0

4
1

0

2

0

Percentage pollen
sterility

[maan 4- ̂  F Ï\IIICdl 1 T O • E. * j

27.00 + 2.27

36.75 i 2.46

56.00 + 4.27

29.00 + 1.87

36.75 i 4.23

39-75 + 1.25

20.65 + 3-42

22.00 + 3-24

44.25 + 6.75

30.25 + 3-90

43.75 + 3-20

27.75 + 2.56

34.25 + 3.73

68.00 + 2.38

48.25 + 7-73

Percentage ovule
sterility

38.50 +

47.21 +

69.14 +

56.25 +

52.00 +

69.60 +_

70.33 +

65.00 +

57.75 +

65.00 +

42.67 +
-

79.00 ±

-

58.82

C C ]
•J * t * /

8.41

13.85

6.21

5.A3
9.24

5.14

9.84

3.00

15.82

2.89

16.60

4.00

OO
ON

In T6 and T10 the interchange multivalent was a hexavalent.
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All the translocation heterozygotes showed semi-sterility in pollen
and ovules. However, the degree of semi-sterility differed between
lines or between pollen and ovule sterility, it being significant
in some translocation lines. Furthermore, the data showed that
ovule sterility was generally higher than that of the pollen steril-
ity. The additional ovule sterility appeared to be due to causes
other than the trans locations, namely maternal effects, factors
affecting fertilization processes or background mutations.
Selfing, backcrossing and outcrossing of the translocation hetero-
zygotes have been carried out to assess and separate the breakpoint
damage from the background damage and to study viability of trans-
locations derived from fast neutron and X-ray treatments.

3. Secale oereale L.

The detection of translocations is being done by cytological observations
in somatic metaphases of root-tip squashes, since in this species semi-
sterility of pollen and ovules is not a reliable phenotypic marker for
translocations. About 2500 M2 seeds (1 seed per Mi selfed spike) from
X-ray and fast neutron treatments are available for scoring trans-
locations. Three translocations in heterozygous condition have so far
been detected, two being induced by fast neutrons and one by X-rays.
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PROJECT No. 119 ANNUAL REPORT 1979

P.A.Th.J. Werry, G.M.M. Bredemeijer, S. Roest, K. Sree Ramulu

SOMATIC CELL GENETICS IN PLANTS

The pro ject is gradually developing from the phase of o r i en ta t i on ,
l i t e r a t u r e study and programme de f i n i t i on into the phase of experimentation.
Haplopappus graoilis is used as model p lant for preparatory studies with
respect to synchronization ( for chromosome i so la t i on ) , mutation induction
(for genetic markers), cy tod i f f e ren t ia t i on ( for genetic ana lys is ) , iso la t ion
and cu l tu re of protoplasts and biochemical aspects of ce l l suspension cu l tu re .
In add i t i on , experiments w i th potato have been i n i t i a ted in order to define
optimum conditions for ca l lus induction and protoplast i so l a t i on .

1. Haplopappus graoilis
a. Synchronization

The observation that after inoculation a small "wave" of synchronous
divisions occurs (see annual report 1978) was the basis for further
experimentation aimed at synchronization of cell suspension cultures
of H. gracilis.
Cells from cultures in stationary phase of growth were transferred to
fresh medium with a modified composition with respect to nitrogen and
other growth factors. However, no increase in synchrony was observed.

b. Mutatj_on_mduct|gn

Experiments were continued to perfect and streamline the technology
for induction and selection of biochemical mutants. Cycloheximide
resistance was chosen as the mutation system to be studied initially
because of its future application in chromosome transplantation studies.
Up to now 3 cultures have been isolated that are resistant to cyclo-
heximide at a concentration 100 x greater than the lethal level for
normal cells. The lines retained this character for approximately 30
generations in selective medium, subsequently for 6 generations in
non selective medium and subsequently for more than 20 generations in
again selective medium.
Currently growth characteristics of these lines are being investigated.
In addition to cycloheximide resistance nitrate reductase-less is also
being considered.
Cells lacking nitrate reductase cannot grew on medium containing
nitrate as the sole nitrogen source and - in addition - are resistant
to chlorate. Therefore resistance to chlorate can be used to select
positively for nitrate reductase-less mutants.
Experiments are being carried out aiming at the establishment of cell
lines that can grow prosperously in medium containing other nitrogen
sources than nitrate.

Experiments were carr ied out to es tab l ish optimum condit ions for in
vitro growth and d i f f e r e n t i a t i o n of explants of stems and leaves since
they form the sources for ce l l suspensions or protoplasts used for
chromosome t ransplantat ion, and because the nuclear conditions in the
explants and in the cal 1i influence genetic s t a b i l i t y . The cul ture
media of Eriksson and Gamborg (B5) were used wi th some modifications
in the quant i ta t ive rat ios of auxin and cy tok in in , since they
influence the composition of the p r o l i f e r a t i n g ce l l population (ploidy
l e v e l ) . Kinetin was used at 0.5 - 1.0 mg/1 and IAA at 0.1 - 5.0 mg/1.
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The effect of different light intensities (1-10 kix) on callus growth
was studied. Two different procedures of culturing of explants were
followed: 1) the explants were incubated on culture media of Eriksson
and Gamborg (B5) for 6 weeks and the cal 1i induced on these media were
transferred to the modified media, where they remained for 1*» weeks and
2) the explants were directly cultured on the modified media where the
cultures remained for 20 weeks. In both cases, however, the results
obtained were generally similar.
- the cal 1i of varied growth, morphology and colour were induced

depending upon the quantitative ratios of cytokinin and auxin used
in the culture media, but no regeneration of shoots or roots occurred
even after prolonged culture.

- when compared to leaf explants, the stem segments produced abundant
cal 1i which grew fast.

- the growth of cal li was better in cultures incubated in light than in
the cultures incubated in dark. The light intensity of 5 klx gave
optimum callus growth.

- the preliminary data on the cytology of cal 1i indicated that they
contain polyploid and aneuploid cells, the frequencies being general-
ly higher in the cal 1 i cultured on the media containing lower
concentration of hormones.

In a separate experiment two modified media of White were used to study
the growth response of stem and leaf explants. The medium containing IAA
1 mg/1 (Wh-1) gave abundant cal 1i as well as regeneration of roots,
whereas the medium containing NAA 0.05 mg/1 and kinetin 0.5 mg/1 (Wh-2)
gave poor growth of calli. In 2-3 weeks after the onset of the cultures
on Wh-1 medium, cal 1i developed from both stem and leaf explants and
after k weeks roots had formed on the surface of the calli. Four other
modified media of White, varying in hormonal composition have now been
used to study the growth response and stability.

d.

Experiments have been initiated to develop a procedure enabling the
isolation of viable protoplasts from leaf mesophyll cells and cell
suspension. The pré-incubation and enzyme media of Shepard and Totten
(1977) were used for isolating the protoplasts from leaf mesophyll
cells. However, the viability of protoplasts was rather low. As
concerned the isolation of protoplasts from the cell suspension, a
procedure has been developed after certain modifications of the
methods adapted by Kao et at. (1971) and Wall in et al. (1977)•
Optimum isolation conditions are yet to be determined.

e. §i.ochemi.cal,_asp.ects

A study has been initiated on the role extra-cellular proteins
(enzymes) play in cell growth and differentiation of cell suspension
cultures and calli. Preliminary experiments have been carried out in
order to adapt extraction methods and electrophoretical separation
techniques previously used for Niaotiana alata plant material to
H. graailis cell suspension cultures.
The culture medium was tested for the presence of peroxidase and
proteins in general. Electrophoretical separation of the medium by
means of strach gel electrophoresis revealed the presence of at least
8 peroxidase isoenzymes. By means of isoelectric focusing, 10 to 15
protein bands could be distinguished. Both peroxidase isoenzyme
patterns and protein patterns showed quantitative and qualitative
differences during the culture cycle.
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As regards the cellular proteins, a number of protein extractions
in different buffers were compared on the basis of the electro-
phoretic pattern obtained by electrofucusing. Generally the extracts
gave patterns with varying degrees of background staining indicating
the interference of pigments and low molecular weight components.
This means that a more complicated extraction method is necessary
to separate the proteins from the interfering pigments.

2. Solatium tubercsum

Protogast_i,soliati.on

A procedure has been developed enabling the isolation of protoplasts of
cv. Bintje at densities of 106 - 107 per g leaf tissue (fresh weight).
The viability of the isolated protoplasts was screened by staining with
phenosafranine and it was found that the conditions for optimum proto-
plast isolation did not correspond with a high viability of the isolated
protoplasts. Therefore conditions have to be defined which yield both
high numbers of protoplasts and a high viability of isolated protoplasts.
Experiments were also started with "Russet Burbank". Shepard and Totten
in 1977 described a procedure for plant regeneration from mesophyll
protoplasts in this cultivar.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE CROP PROTECTION RESEARCH

GROUP INVOLVING PROJECTS 106 and 107.

Population Replacement

Following the successful development of population replacement in
Tetvanyahus urticae using structural chromosome mutations, it was
decided to complete this work by inducing temperature sensitive (TS)
lethals which could be used in this technique for practical control.
Problems concerning the treatment of males with EMS to induce TS
lethals were successfully solved and genetic effects induced in the
males could be clearly demonstrated. Using a dose of 5 mMol EMS many
putative TS mutants were isolated as heterozygotes. In a first
experiment five of these were made homozygous but before they could
be studied further, they were unfortunately lost due to technical
difficulties. In a second experiment 3 homozygous lines were isolated
but they proved to be unstable. It was concluded that the difference
between the permissive, and restrictive temperatures used, 28 °C and
35 °C was not large enough and further that the permissive temperature
of 28 °C permitted only the survival of unstable mutants. Consequently
in a third experiment the temperature range was widened to 22 °C -
35 °C. Using this screening procedure 12*» putative TS mutant hetero-
zygotes have been isolated.

Genetic Sexing

The elimination of females in mass rearing facilities used for sterile
male release provides a great economic saving. Further, this
elimination of females before release is essential in mosquitoes where
the females are responsible for the spread of the disease and for other
species e.g. Med Fly where the female causes crop damage. The principle
of genetic sexing involves the translocation of a resistant gene to the
male determining chromosome, the females remaining susceptible to a
particular poison.

a.

Using adieldrin in suspension in water it ia now possible to differentiate
between susceptible and resistant neonate larvae. Subsequently males were
irradiated to translocate the dieldrin resistant gene to the male
determining chromosome, this chromosome has been increased in size by a
previous translocation. Eight new male-1 inked transiocations have now
been isolated incorporating each of the autosomes except chromosome h.
Linkage of the resistant gene to the male determining chromosome will now
be assessed using the larval testing system.

b.

With this species, as dieldrin resistance is not available, ethanol will
be used as the poison. Ethanol kills flies having no alcohol dehydroge-
nase (ADH) activity; ADH positive flies can survive in a certain con-
centration of ethanol. The principle is to link the ADH positive locus
to the male determining chromosome, the females remain susceptible.
The research can be divided into two parts, firstly the induction and
selection of male-linked transiocations involving each of the autosomes.
(There is no information available at present as to on which autosome
the ADH gene is located). An initial experiment yielded two putative male-
linked transiocations, one of which was cytologically confirmed.
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The second part concerns the induction and isolation of an ADH null
line. Initial screening of a Vienna strain revealed no hsterozygosity
at this locus, however, a field collected stock revealed a new isozyme
pattern. Using these two alleles, EMS will be used to induce the null
mutant.

New Malaria Programme

During 1979 a great deal of time was spent by the members of the group
in the preparation of a future programme for the genetic control of a
malaria mosquito, Anopheles stephensi. This is a collaborative programme
with the Universities of Amsterdam, Leiden and Nijmegen, involving the
development of a strain of the mosquito which cannot transmit malaria,
a so-called refractory strain. Using genetic methods, replacement of
wild populations of this species with a refractory population will be
attemptted.

The preparative phase of the programme has been completed and has re-
sulted in the following programme proposal "A New Approach in Malaria
Control: The Genetic Method". Interested parties can obtain a copy of
this programme on request.
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PROJECT No. 106

A.S. Robinson, C. van lleemert

ANNUAL REPORT 1979

GENETIC CONTROL OF HYLEMYA ANTIQUA ME I GEN AND CERATITIS CAPITATA BY STRUCTURAL
CHROMOSOME REARRANGEMENTS

1. Development of a Genetic Sexing System

a.
This technique has now been successfully developed (see Ann. Rep. 1978).
Neonate larvae, +^ 24 hours old, were placed in petridishes with Dieldrin
at different concentrations. The petridishes were covered with parafilm
and placed for 24 hours at 2 °C. Subsequently the larvae were trans-
ferred to slices of onion and the % pupation assessed. The technique
was first applied to the susceptible strain (dd) and then expanded to
include the resistant (DD) and the hybrid (Dd) strains. The results can
be seen in table 1. For use in the genetic sexing system the crucial
aspect is to identify a Dieldrin concentration that discriminates
between the susceptible (dd) and the hybrid (Dd). From table 1 it can
be seen that 5.00 ppm Dieldrin provides this discrimination.

Table 1 - Effect of Dieldrin on larval survival of three genotypes of
Hylemya antiqua

Dieldrin
cone, (ppm)

Control
0.0005
0.005
0.05
0.5
5.0

10.0

% Pupation
dd

(susceptible)

94
90
92
82
14
0
0

Dd
(hybrid)

81
-
88
85
79
82
60

DD
(resistant)

84
-
87
75
60
82
85

As the Dieldrin locus was not located on chromosome 2 which is linked
to the Y chromosome in this translocation, it was necessary to re-
irradiate this translocation to induce new linkage relationships in-
volving other autosomes.
Dieldrin resistant (DD) T61 (Y-2) males were irradiated with 200 rad
F.N. and mated to Dieldrin susceptible (dd) females. Ten cages were
used each with 15 males and 15 females; one cage containing unirradiated
males was used as a control. The mean egg fertility of the ten cages was
54%.
F] males (Dd) were mated in mass to dd females and following mating the
females were separated and fertility was measured. As the original
translocation (T61) was fully fertile the induction of a new trans-
location either linked to the original one (T61) or a new independent
autosoma 1 translocation would result in increased sterility. A total of
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807 males have been tested and crossed to dd females; 115 semi
sterile mat ings were observed but due to technical reasons 13 were
lost. Female and male progeny from the other 102 lines were crossed
once again to dd females. (If a new Y linked trans location had been
induced then all the F2 males would show semi-steri1ity, but none
of the females). A total of 58 of these lines contained only new
autosomal non Y-linked translocations and 28 showed no evidence of
sterility. However, 8 new Y-linked translocations have been
isolated (7 remain still to be cytologically tested).
In the 8 cases in which the tested male parents showed semi-sterility
a multiple translocation was observed.
In two translocations the chromosomes Y, 2 and 5 were involved, in
three translocations chromosomes Y, 2 and 6, in two translocations
chromosomes Y, 2 and 3, and in one translocation the chromosomes
Y, 2, 3 and 6. Unfortunately, but as expected, chromosome k was not
involved.

Using the larval testing method outlined above 3 different translocations
involving the autosomes 3» 5 and 6 were chosen and neonate larvae from
mat ings between these translocations and susceptible females were
treated with 5 ppm dieldrin. From initial results it appears that the
dieldrin gene does not lie on these autosomes. However, there is some
evidence that the expression of this gene does not remain stable with
time and as the larval test was developed some 8 months previously a
lower discriminating dose will have to be identified. However, the
unfortunate possibility remains that the dieldrin gene lies on
chromosome k and this chromosome occurs in a significantly lower
frequency than expected in translocations.

Crossings were carried out between the ADH mutant strain and the dieldrin
susceptible strain. It could be concluded that there is no linkage
between these two loci. Since the ADH locus has been located on autosome
No. 6, the dieldrin gene will be on chromosome 3» k or 5.

2. Isoenzyme Studies in the Onion Fly

a. Using the isoelectric focusing technique significant progress has been
made. Firstly, two mutant lines for the gene coding for alcohol de-
hydrogenase (ADH) were isolated and using a translocation tester set
the gene has been located on chromosome 6.
Secondly, using the two lines and the hybrid between them individuals
at different developmental stages were assessed for their ADH activity.
For all lines the following pattern emerged; a clear increase during
larval growth, a decrease during the pupal stage and again an increase
during the adult stage.
To reduce costs of the electrophoresis the starch gel method has been
successfully developed.
Instead of a special buffer (Tris-citrate) a standard phosphor buffer
solution from Merck with a pH of 6.88 and .025 M was used.
For one gel 28 g starch was dissolved in 15 cc buffer and 180 cc
distilled water (14% starch).
During electrophoresis the same undiluted buffer was used at both
electrodes. A power of 250 V c.q. 50 to 60 mA was adjusted for 1£ to
1i hours. The staining was carried out as before.
Very clear discrimination of the three ADH genotypes was possible in
this way and 168 samples could be analysed on one gel.
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Onion fly populations from different origins were analysed. Table 2
shows the results and clear differences were established. The
lowest frequency of the A-allel was .04 as observed in the HAPA and
MIS strains from Canada and France respectively. The highest was
.32 as established in the HAR population, also a Canadian strain.
The Dutch IVT strain had a relative high A-allel frequency (.26).
No conclusions concerning a possible relationship between geographic
origin or level of lab. adaptation and genefrequency could be drawn.

Table 2 - Results of electrophoresis for ADH in different onion fly
populations

Series

ITAL
(control)

MIS
(dieldrin susc.,
from France)

KES
(Canada, 3 gen.
in laboratory)

HAR
(Canada,
dieldrin resist.)

HAPA
(Canada, parathion
resist.)

I.V.T.
(Wageningen, + 5
generations in
laboratory)

Nond i a
(non-diapause
strain)

Number of
individuals
tested

179

99

127

157

77

96

94

Genotypic frequency

AA

.06

.01

.09

.10

.00

.04

.05

AD

• 31

.05

.32

.44

.09

.44

.11

DD

.63

• 94

.59

.46

• 91

• 52

.84

Gane frequency

A

.21

.04

.25

• 32

.04

.26

.11

D

.79

• 96

• 75

.68

.96

.74

.89

c. In Drosophila it has been shown that the mutants of the gene coding for
alcohol dehydrogenase (ADH) show differences in fitness. In a pre-
liminary experiment it was decided to assess if this was also the case
for the onion fly. Using a technique developed by Zurlini and Robinson
(Ann. Rep. 1977) the larval development of the two strains (SS and FF)
was compared and an identical picture to that in Drosophila was
observed with individuals carrying the fast migrating allele having a
clearly faster larval development time (Fig. 1). As the genetic back-
ground of these two lines was not the same an extremely large scale
experiment was undertaken to re-isolate the mutant lines.



From over a thousand pupae descending from AD x AD (=FS x FS in
Drosophila nomenclature) only 4 crosses between DD and DD and 2
between AA and AA were isolated. Before starting the population
study in order to establish differences in developmental time
of the larvae, minimum critical weight for pupation, pupal weight,
fecundity and fertility etc. of the AA, DD and AD strains,
additional AA x AA and DD x DD crosses will be isolated in order
to avoid adverse inbreeding effects.

3. Meci Fly - Ceratitis oapitata

This, if successful, is of great practical help. Eggs which are 2k
hours old can be stored up to 5 days at 10 °C without significant
loss of viability. Younger eggs +̂  1 hour old are very sensitive
to low temperature. Pupae of any age can be stored at 10 °C but the
quality of the emerged flies decreases with the length of the storage
period. Pupae {k days old) could be stored at 10 °C for 2 weeks
without serious mortality.

mutants

2-days old males were irradiated with 750 rad F.N. and mated to
control females; the egg hatch was 80%: F] males and females were
individually mated to control individuals and egg hatchability was
measured. A total of 139 pairs produced eggs of which 3*» produced
unfertilized eggs; 35 pairs produced eggs having reduced fertility
and 70 pairs had normal fertility.

FertMe £l!;s

f*2 progeny was reared and inbred and 3 mutants were identified. One
was a very obvious eye colour mutant of which the males did not mate,
another had somewhat different antennae and the third had a different
pattern on the thorax. The last two mutants proved to be unstable but
the eye colour mutant (white eye w/w) could be propagated when female
w/w were mated to normal males (+/+). The progeny of such a mating
had normal eyes (w/+) and inbreeding of these individuals again re-
vealed white individuals. After two generations of this backcrossing
it was possible to rear the white eye mutant as a pure line. Subsequent
experiments have shown that it is inherited as a simple mendelian
character, its larval viability in competition is good but male mating
competitiveness is severely reduced.

Due to the absence of control material, the ?2 progeny of all these
lines had to be inbred in order to maintain the stocks. This resulted
in the loss of certain lines. From the original 35, only 3 remain which
show characteristics typical of a trans location. It appears that other
factors apart from the possession of a translocation can result in
reduced egg hatch. Cytological examination revealed a (probable male-
linked) translocation in one of these lines.

c<

Using isoelectric focusing variation at the esterase locus has been
seen and it is probable that mutant lines can be established. Three
geographically different stocks have been obtained from Costa Rica,
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Vienna and Spain. They were assessed for their ADH pattern and all
three were monomorphic. In September a wild strain from the
Canarian Islands (Tenerife) was introduced in our laboratory. The
flies from these field-collected pupae appeared to be very fit,
although they oviposited rather late and showed a lower fecundity.
Unfortunately the eggs of the Fj generation were sterile.
To maintain the genetic traits of this strain, F̂  males were crossed
with virgin Vienna females and a new stock (TEN) from these crosses
has been established. In this population we have already observed a
new isoenzyme. A new variant with two additional bands, compared to
the Vienna strain, was established (in flies).
Further, crosses between these new types produced a new type not
seen before. These two mutant types will be isolated as pure lines
in which null mutants will be induced.
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Fig. 1

Larval developmental times of two ADH mutants in the onion fly
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PROJECT No. 107 ANNUAL REPORT 1979

A.M. Feldmann, E. Muller

GENETIC CONTROL OF THE TWO SPOTTED SPI DERM ITE TETMNYCHUS URTICAE (KOCH)

1. The effect of buffering a mutagenic solution on its phytotoxicity,
the sexual vigour of the treated males and the induction of genetic
effects in mature sperm

Previous experiments, using unbuffered ethylmethanesulphonate (E.M.S.)
solutions produced serious debilitating effects on the first two of
these parameters. Furthermore, no genetic effects were induced (Ann.
Rep. 1978). In the continuation of this work, the mutagenic solution
was buffered by a 20 mMol phosphate buffer at pH 7.0, resulting in a
decrease of phytotoxicity and an increase in sexual vigour of the
treated males. Many genetic effects were found in the progeny of the
treated males.
These genetic effects which were classified according to the method
described elsewhere (Feldmann, Thesis, 1979) are presented in table 1.
This table shows a decrease in the frequency of fully fertile F-|-
females in relation to exposure time as well as to the concentration
of the E.M.S.-solution. Under the applied experimental conditions
E.M.S. induced both recessive lethals (R) and structural chromosome
mutations (T) in mature sperm. A striking difference with genetic effects
induced by ionizing radiation in mature sperm was the low frequency of
mutations leading to infertility of F^-females. The frequencies of
Fi-females heterozygous for 1, 2 or 3 E.M.S.-induced mutations (T and
R or combinations of both types) were fitted to the Poisson
distribution. It was shown that the observed frequencies of single and
multiple events in the same cell fitted very well to the expected
frequencies (0.9>p>0.5 for experiment No. 7 and 0.5>p>0.1 for ex-
periment No. 5), indicating that independently occurring events are
the basis of the observed mutations. From these results it was decided
to use a concentration of 5 mMol E.M.S. at an exposure time of 16 hours,
for the induction of temperature sensitive (T.S.) mutations, because:
1. the percentage of fertilized parental females was higher than atlOmMol
E.M.S.; 2. the frequencies of singly occurring mutations (T or R) and
combined mutations at both E.M.S.-concentrations (5 and 10 mMol)
corresponded with each other; 3- the frequency of multiple recessive
lethals (RjR2R?^•••++) induced by 5 mMol E.M.S. was low in comparison
with treatment'by 10 mMol E.M.S.

2. The induction of temperature sensitive lethals

E.M.S. treated males were mated to virgin females from which virgin
Fj-females were collected. Subsequently, the survival of the haploid
progeny of each Fi~female was determined at both 28 °C and at 35 °C.
A significant decrease in survival of the haploid F2~progeny at 35 °C
in comparison with the survival at 28 °C, was an indication of the
presence of a T.S.-lethal. 70 F]-females out of 213 tested appeared
to be possible carriers of a T.S.-lethal. Appropriate out- and back-
crossing procedures of 20 of such cases yielded 5 lines, homozygous
for a T.S.-lethal. However, because of technical difficulties, all
these lines were lost. Four of these lines were derived from the same
Kj-female. Thus the observed frequency of T.S.-mutations, which could
be made homozygous was about J>%.
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In a second experiment, the number of Fi-females, to be selected for
T.S.-heterozygosity, was considerably increased. 85 Presumptive T.S.-
heterozygous females were isolated from a total of 8^0 Fj-females.
From those 85 F^-females, 69 were further tested by outcrossing male
progeny and 23 of these lines gave strong evidence that they were T.S.-
heterozygotes. Following backcrossing procedures, only 3 lines showed
full sterility if exposed to the restrictive temperature (35 °C), thus
being lethal because of homozygosity of the T.S.-mutation. Further
testing revealed that the isolated mutations were not stable in time,
showing incomplete expression if further generations of these lines
were tested at the restrictive temperature. Instability is a general
feature among T.S.-mutations and it was concluded that the selection
regime i.e. survival at 28 °C and death at 35 °C was to narrow a shift.
Thus survival at 28 °C was only permissive for instable mutations. In
this way the selection procedure resulted in only unstable mutations.
!n a third experiment this hypothesis was tested by widening the
discriminatory temperature phase from 28 °C - 35 °C to 22 °C - 35 °C
(the leaf temperature, i.e. the microclimate in which the spidermite
lives, was 20 - 21 °C at permissive and 33 °C at restrictive
conditions. This third experiment included also a study of differential
sensitivity of mature sperm and spermatids for the induction of T.S.-
mutations by E.M.S. From a total of 2373 Fj-females, sired by E.M.S.
treated males which were tested for heterozygosity of a T.S.-lethal,
124 were presumed T.S.-heterozygotes. This experiment is being
continued and the results will be presented in the following annual
report.

3= Thesis

A major part of the first half of 1979 was spent on the preparation
of the thesis which was presented on the 6th of June.

Technical research difficulties

The absence of an appropriate laboratory and technical assistance became
very significant this year and will have corresponding influence on the
velocity of the rounding-off of this project.

Publications

FELDMANN, A.F. Fundamental aspects of genetic control of the Two Spotted
Spider Mite Tetranychus urtiaae (Acarina, Tetranychidae). Thesis
Univ. of Amsterdam, June, 1979, 150 pp.

Lecture

FELOMANN, A. The induction of conditional lethals in the spidermite
Tetranychus urticae (Koch). Lecture held at the Xth Annual Meeting
of ESNA, Belgrade, 1979-



Table 1 - Frequency distribution of different classes of Fi females from EMS treated mature sperm of
Tetranyahus urtiaae (Koch). R*+ = Ff females heterozygous for one recessive lethal; RiR2^++
idem for two recessive lethals; RiR2R3^+++ idem for at least three recessive lethals;
Th- idem for at least one chromosomal rearrangement; TR#++ idem for at least one chromosomal
rearrangement and a recessive lethal; st = sterile females; inf = infecund females; EN1 sum
of fertile and semi fertile Fj females; IN = sum of all ?\ females.

Experiment

Concentration

Exposure time

% fertilized f

EMS mMol

(H)
:ema1es

Type of F} female

fertile

Ryh
R,R24+

R1R2R3<P+++

T#+

TR^++

IN1

st

inf

IN

N

79
5
0

1

1

0

86

0

0

86

1*

0

-

7k

%
92

6

0

1

1

0

100

0

0

100

N

33
1

0

0

2

0

36
0

0

36

2*

0

-

100

*

92

3
0

0

5
0

100

0

0

100

N

67
3
0

0

3
2

75
0

0

75

3

1

17

69

%
89
k
0

0

k

3
100

0

0

100

N

6k

17

5
0

6
2

3k
1

1

96

k

1

40

80

%

67
18

5
0

6

2

98
1

1

100

N

110

5k
12

3
17

13

209

k
3

216

5

5

17

88

%

51

25
6
1

8

6

97
2

1

100

N

33
17
10

5
10

79
2

3
84

6

10

17

48

1

%

39
20

12

6

12

5
3k
2

4
00

N

57
42

22

16

16

13
166

4

5
175

7

10

17

62

%

33
24

13

9

9

7

95

2

3
100

o

I

Control No. 1 was performed in conjunction with experiments No. 3. k and 6; control No. 2 with No. 5 and 7.
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE PRODUCT TREATMENT

RESEARCH GROUP INVOLVING PROJECTS 108, 109, 111, 112 and 123.

General-Food irradiation

On the basis of the evaluation of wholesomeness data by a joint FAO/
IAEA/WHO Expert Committee on the wholesomeness of irradiated food
(september 1976, Geneva) a draft "General Standard for Irradiated
Foods" and a draft "Code of Practice for the Operation of Radiation
Facilities used for the Treatment of Foods" were prepared. At its
13th Session this year the Codex Alimentarius Commission adopted
these two Standards as Codex Recommendations. This will facilitate
the entrance of irradiated foods into international trade.

This year the IFFIT (International Facility for Food Irradiation
Technology)-project was started under the "Agreement between FAO,
IAEA and the Dutch Ministry of Agriculture and Fisheries. Concerning
Training and Technological and Economic Studies in Food Irradiation".
IFFIT is located at the Pilot Plant for Food Irradiation. The Foundation
ITAL provides the working and other facilities required for this project.

The purposes of the Agreement are:

(a) To offer training and assistance in international coordination of
development and research in the fields of the technology, economics
and commercialization of food irradiation, in order objectively to
evaluate the potential of the practical application of atomic
energy to increase the world's food supplies through reduction of
losses and to improve the hygienic quality of foods.

(b) To assist national and international agencies in their assessment
of the feasibility of applying radiation preservation techniques
to foods.

(c) To develop and facilitate the dissemination of information on the
above topics without proprietory restrictions.

The first 6-week "IFFIT-lnter-Regional Training Course on Food Irradiation"
(September-October 1979) was opened by Dr. A. de Zeeuw, Director-General
of the Dutch Ministry of Agriculture and Fisheries in the presence of
Dr. H. Kakihana, Deputy Director-General of the IAEA. The course was
held at ITAL. Sixteen candidates from different developing countries
participated in this course. Lectures were given and practical exercises
conducted by different specialists from ITAL and other Dutch Institutions
plus some foreign experts.

After the course four fellows from Egypt, Ghana and Thailand remained
for a period of six or twelve months within the framework of IFFIT at
ITAL. Their programmes will be concentrated on the study of
1) the elimination of pathogenic bacteria in chicken by irradiation;
2) the control of mould growth on maize and cocoa beans by radiation in

combination with heat in relation to the keeping quality and the
formation of mycotoxins.

Mutagenicity

The investigation of the mutagenicity of irradiated nucleic acid
constituents has been continued with 2-deoxy-D-ribose. The sensitivity
of the Ames test could be enhanced by pre-incubation of the samples.
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To study the involvement of the different radicals in the radiation-
induced damage, experiments were done with some specific radical
scavengers.

Induction of sister chromatid exchanges and chromosomal aberrations
in Chinese hamster ovary cells by irradiated solutions of thymine,
thymidine and 2-deoxy-D-ribose was investigated in close collaboration
with Dr. A.T. Natarajan (State University of Leiden).

Mutagenicity testing of alcoholic extracts of irradiated and control
potatoes and of pure phenolic and. alkaloidal compounds was completed.
No mutagenic effects in the Ames test were observed for extracts of
irradiated (0.1; 0.5 and 3 kGy) or non-irradiated tubers.
Further, solanidine, solanine, coumarin, umbel 1iferon, esculetin,
scopoletin, chlorogenic and caffeic acid, ferulic acid, o-coumaric
acid and p-coumaric acid were negative.

Phenolic compounds of alcoholic extracts of irradiated potato tubers
and controls were analysed by High Performance Liquid Chromatography.
Chlorogenic acid, caffeic acid and the scopoletin 3-glycoside could
be estimated directly from the UV absorbance patterns.

The main accumulating fluorescent compound in high dose level (3 kGy)
irradiated potatoes was isolated and identified as the 3-glycoside of
scopoletin.

Localization of accumulated fluorescent compounds was done by
fluorescence microscopy. It was found that specific fluorescent cells
are present, particularly near the cortex, which under plasmolytic
conditions concentrate fluorescent compounds.

Further, preliminary findings of chronotropic effects of solanine on
primary beating rat heart cell cultures have been reinvestigated.

Combined Effects

Studies on the radiosensitization of microorganisms by selective
inorganic radicals were continued. !t was found that the great radio-
sensitization effect in N20/Br~ systems was due to the formation of
bromine rather than the radical an ion BrJ. For this reason experiments
with BrJ were carried out in N2 purged systems.

Studies to control mould growth on cocoa beans at various relative
humidities by radiation in combination with an infra red belt heater
were carried out. This combination prevented mould growth for 1*t0
days of storage at 28 °C and 80% R.H.

Combining moderate heat and irradiation treatments the following topics
were studied:

- the optimal combination for mould spore inactivation;
- the influence of a postponed irradiation treatment on the synergistic
effect;

- the liquid holding recovery of mould after a combined treatment.

A combined treatment causes a synergistic effect on the inactivation
of fungal spores. The degree of synergism is a function of the
temperature and heating time.
This synergistic effect disappears after a postponed irradiation
treatment of A to 5 hours.



The liquid holding recovery studies show that fungal spores can
recover after a holding of 2k hours in tween solution at 30 °C.

Experiments with a combined treatment at pears, potatoes and
tomatoes indicate that this treatment prevents mould infection
and also influences the senescence and ripening of the products.

Waste irradiation

The disinfection efficiency of gamma irradiation of different types
of sludges was investigated at pilot plant level. Results indicated
that the inactivation of Salmonella is considered adequate in digested
sludge, whereas the irradiation treatment of 300 daGy at pilot plant
level is inadequate in the case of undigested raw sludge. It is
suggested that the liquid phase of raw sludge contains protective
substances, which are lost upon anaerobic digestion. Results of
kinetical studies, using pulse radiolysis showed that the scavenging
power of the liquid phase of raw sludge towards OH radicals was 7x107

sec'1, which was approximately 21 times as high as the reactivity
of the liquid phase of anaerobically digested sludge. The mutagenic
potentials of organic waste extracts have been investigated in order
to determine if pasteurization or an irradiation treatment generates
mutagenic and harmful substances in sludges to be used for recycling
in agriculture. No indications of mutagenic effects in extracts of
digested sludges whether pasteurized or irradiated at 300 daGy were
found.

Nanosecond pulse radiolysis techniques have proved to be of con-
siderable value in the study of reaction kinetics of radicals, but
they suffer from the limitations of spectrophotometry. Therefore
another method using ltfC carboxy1-labeled benzoate in stationary
state radiolysis was developed to determine the reactivity of the
solid phase of sludge. Initial results indicated that the reactivity
of the solid phase for OH radicals decreases after an irradiation
treatment of 300 daGy.
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PROJECT No. 108 ANNUAL REPORT 1979

H. Stegeman, H.B. Leveling

STUDIES CONCERNING COMPLEMENTARY EFFECTS OF IRRADIATION AND OTHER
PRESERVATION TECHNIQUES ON MICROORGANISMS FOR IMPROVEMENT OF FOOD HYGIENE

1. Radiosensitization by selective inorganic radicals

As reported earlier it has been shown that the radiosensitization of
bacteria such as Streptococcus faeoalis, Micrococcus radiodurans ant'
Salmonella typhimurium by NaBr was remarkably great in neutral N2O-
saturated systems. The suggestion has been made that this large radio-
sensitization was due to the action of the inorganic radical Br2 formed
by reaction of OH radical with Br"; in N£0 purged systems, only this
radical is formed. However, further experiments, in cooperation with
Prof. J. Schubert, Hope College, U.S.A., demonstrated that at neutral
pH two inorganic Br£ radicals could produce bromine (Br2). Bromine is
a highly reactive element and has lethal effects on microorganisms.
In NaBr solutions Br2 is partially complexed in the tribromide ion
form.

Br" £ Br^

Therefore it is possible to determine bromine spectrophotometrical ly
from the optical density measurements of the Br3 at 270 nm.
Using this method we could detect small levels of Br2 produced radio-
lytically in neutral N2O purged systems. The addition of unirradiated
bacteria to NaBr solutions, which were preirradiated under N2O
saturated conditions, produced extensive cell killing. These and
other results suggest that the great radiosensitization effect in
N2n/Br~ systems is due to bromine rather than the radical an ion

Vie could not detect small levels of Br£ produced radiolytically in O2
or N2 purged systems. In O2 purged systems H2O2 builds up during
irradiation. We found that the formation of H2O2 was responsible for
the decay of Br2- Addition of H2O2 to a 3 ^ solution resulted in the
decay of Br2-

H202 + Br2 ->• 2 Br" + 2H
+ + 02

In N2 purged systems the Br2 does not accumulate because of back
reactions with ëaq.

êaq + Br2 * Br£

ë a q + Br^ •> 2Br"

The above results indicate that the ami no acid specific technique can-
not be used for determining the nature of bacteiral radiation damage
in N20/Br~ purged systems where the inactivation is caused predominant-
ly by Br2 and not by the selective organic Br^ • For that reason it was
necessary to repeat a part of our earlier experiments with Br2 which
were carried out in N2O purged systems. The new experiments with Br^ were
carried out in N 2 purged systems and they confirmed our idea that the
amino acid residue is crucial for the survival of S. faecalis, M. radio-
durans and S. typhimurium.
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2. The suitability of irradiated cocoabeans for processing

Storage life of prepared cocoabeans under tropical conditions is
limited due to insect infestation and mould attack. Mould growth
in cocoabeans can be prevented by irradiation, however, a dose of
5 kGy is required to achieve complete inhibition of moulds on
beans with various moisture contents.
In order to lower the radiation dose experiments were performed
with a combination of heat and irradiation. These experiments
were set up in two parts: firstly heat treatment alone and then
the combined treatment.
Using an Infra Red Belt heater (micronizer) cocoabeans were rapid-
ly heated (in less than 1 min) to 120 °C at the outside. After
cooling in air the beans were examined for microbiological
contamination and.mould stability during storage at 28 °C and 80%
R.H. There was on'iy a very small effect of heating on the in-
activation of moulds (Fig. 1). In the combined heat and radiation
treatment the maximum heating time of 35 s was combined with
radiation doses of 0, 1,2 and h kGy (Table 1). It appears that the
combinations of heat and irradiation gave the best results. This
was subsequently confirmed by the mould stability test. The beans
heated for 35 s and subsequently irradiated with 2 kGy were stable
against moulding for 140 days of storage. The heat treated and the
irradiated beans became moulded. The sequence of applying the
combination treatment on mould control should be more thoroughly
investigated.
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STEGEMAN, H. «eduction of food losses through irradiation. International
Summer Course on Industrialization. 1979. NUFFIC, The Hague.

STEGEMAN, H. Microbiologische aspecten van diervoederbestraling. Bijeen-
komst van proefdierdeskundigen, Universiteit van Utrecht.

STEGEMAN, H. Basic effects of radiation on micro-organisms. IFFIT training
course on Food Irradiation. 1979-

STEGEMAN, H. Microbiological aspects of radiation preservation of foods.
IFFIT training course on Food Irradiation. 1979-



Table 1 - Summary of the microbiological investigations of Ivory Coast cocoa beans after a combined heat and
irradiation treatment

Samp 1 e
No.

1

2

3

4

5
6

7
8

9

10

11

12

Treatment of the beans
Irradiation in kGy

Infra Red Belt treatment in seconds

0 kGy + 35"

1 kGy + 35"

2 kGy + 35"

4 kGy + 35"

35" + 0 kGy

35" +1 kGy

35" + 2 kGy

35" + 4 kGy

control

1 kGy

2 kGy

4 kGy

Moisture
content

in % + S.O.

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

5,27 + 0,4

6,67 + 0,14

6,67 + 0,14

6,67 + 0,14

6,67 + 0,14

Total bacterial count

Log survivors/gram

6,40

6,38

5,52

4,10

6,40

5,91

5,51

4,65

7,04

6,70

6,46

5,79

Moulds

Log survivors/gram

3,10

4,15

3,04

1,30

3,10

2,75

1,25

< 1

4,94

4,19

3,51

2,90

•—I

I
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8-

total count

1-

moulds

yeast

10 15 20 25 30
heating time (seconds)

35

Fig. 1 Effect of Infra Red Belt treatment on micro
organisms in Ivory Coast cocoa bean».
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RAD IAT I ON-INDUCED CHANGES IN NUCLEIC ACID CONSTITUFNTS AND THEIR BIOLOGICAL
ACTIVITY

Mutagenicity testing of irradiated nucleic acid constituents has been
continued with 2-deoxy-D-ribose, which was shown to be mutagenic in
Salmonella typhimuriim TA 100 and TA 98.
The sensitivity of the Amesrtest was enhanced by preincubation of the
samples for 20 min at 37 °C before pouring onto the minimal agar plates.
Figure 1 shows an example.

To solve the problem of wFich radicals are involved in producing mutagenic
radiolytic product(s), irradiation experiments were carried out under various
conditions, for example atmospheres of N2, N2O, O2 and N2O/O2 (4:1) and with
selective radical scavengers for example t-butanol and with a high con-
centration of phosphate buffer. Figure 2 shows the results of the Ames-test
with 2-deoxy-D-ribose irradiated under different gas conditions. The largest
effects were found in the presence of O2 and N2O/O2. Irradiation in the
presence of 1M2O reduces the number of induced revertants. In the presence
of N2f t-butanol and 0.3 M phosphate buffer negative results were obtained
in the Ames-test, showing that the reducing radical? (e~aq and H) do not
participate in the production of mutagenic radiolyi. c products. Obviously,
the presence of oxygen is important. This suggest a mechanism via peroxyl
radicals which are formed, by addition of oxygen to primary carbohydrate
radicals, after hydrogen abstraction by the OH radical. Decay of peroxyl
radicals should then lead to the formation of mutagenic radiolytic product(s).
In this connection aldehydes syspected to be mutagenic, were determined in
the irradiated solutions with the thiobartituric acid method (TBA). Table 1
shows a high correlation between the concentration of aldehydes and the
relative mutagenicity of the irradiated solutions of 2-deoxy-D-ribose. By
modification of the TBA method at least two different aldehydes could be shown.

Table 1 - Correlation between the concentration of aldehydes and relative
mutagenicity of 2-deoxy-D-ribose , irradiated under various
conditions

Condition

N2

N20

0 2

N20/02

Aldehydes
(ng/mi)

11.3

16.0

31.8

33-2

Relative mutagenicity

1.4

2.0

4.0

4.0

Concentration 0.01 M in 0.05 M phosphatebuffer pH 7.0
radiation dose: 10 kGy

Relative mutagenicity is expressed as:

number of induced His+ revertants
number of spontaneous His+ revertants
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In cooperation with Dr. A.T. Natarajan (Department of Radiation Genetics
and Chemical Mutagenesis, University of Leiden) the induction of sister-
chromatid exchanges (SCE) and chromosomal aberrations in Chinese hamster
ovary cells (CHO line) by gamma-irradiated nucleic acid constituents has
been investigated. This cell line has a modal chromosome number of 21-22
with a low frequency of spontaneous aberrations and about 8-10 SCE's per
metaphase. Experiments were done with hydrogen peroxide, irradiated thy-
mine, thymidine and 2-deoxy-D-ribose. By using a new BrdUrd-label1 ing
method SCE's and chromosomal aberrations could be scored in the same
cell population, one cell cycle after treatment with the test solutions.
For the study of SCE's, slides were stained by the Fluorescence plus
Giemsa technique. Results are presented in table 2. Gamma-irradiated
2-deoxy-D-ribose was most effective in inducing SCE's. This cannot be
ascribed to hydrogen peroxide.
With irradiated thymine and thymidine a slight induction of SCE's was
obtained; the levels are significantly higher than the control level.

l

Table 2 - Sister chromatid exchanges (SCE's) induced by H2O2 and
irradiated nucleic acid constituents in Chinese hamster
ovary cells

Treatment
Compound

cont ro l
H202

thymine

thymidine

2 deoxy-D-ribose

Concentration

10-*
5 x 10-"4

10"3

10-2

10-1

9 x 10"3

2 x 10"3

5 x IO-3

9 x 10"3

9 x 10~3

2 x 10"3

5 x 10"3

9 x 10~3

2 x 10"3

5 x 10"3

9 x 10~3

M
M
M
M
M

M
M
M
M

M
M
M

M
M
M
M

Radiation dose

0 kGy
10 kGy/02

10 kGy/02

10 kGy/02

0 kGy
10 kGy/O?
10 kGy/02

0 kGy
10 kGy/02

10 kGy/O2

10 kGy/02

SCE's/cel l +

7.84 + 0.46
7.72 + 0.38
9.36 + 0.49
9.84 + 0.50
9.00 + 0.58
no survivinc

7.44 + 0.40
8.29 + 0.52
9.31 + 0.30

10.52 + 0.58
7.36 + 0.37

10.43 + 0.51
12.86 + 0.76
7.74 + 0.38
9.41 + 0.48

13.30 + 0.65
16.23 + 0.70

S.E.

(25)*
(25)
(25)
(25)
(22)

] c e l l s

(25)
(25)
(20)
(3D
(25)
(30)
(30)

(23)
(27)
(23)
(26)

( ) = number of cells scored.

The frequency of chromosomal aberrations induced by hydrogen peroxide and
irradiated 2-deoxy-D-ribose is presented in table 3- Hydrogen peroxide
causes chromosome damage, but at much higher concentrations than were
assumed in irradiated solutions of 2-deoxy-D-ribose. From these and our
earlier data obtained with the Ames test, we conclude that hydrogen
peroxide is not involved in the mutagenic effect of irradiated 2-deoxy
D-ribose. This mammalian cell culture system confirms the results of the
Ames test, showing that irradiated solutions of 2-deoxy-D-ribose are
mutagenic and that 2-deoxy-D-ribose is the main target in DNA to produce
mutagenic radiolytic products upon irradiation.
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Table 3 - Induction of chromosomal aberrations in Chinese hamster ovary
cells by hydrogen peroxide and gamma-irradiated 2-deoxy-D-ribose

Treatment

Control

Hydrogen peroxide

2-deoxy-D-r i bose**

Concentration

10-4 H
5 x I0"1 K

10-3 M
10"2 N
10"1 M

2 x 10"3 M
5 x IO-3 M
9 x IQ"3 M

Number of
cells scored

100

100
100
100
100

no surv.cells

200
200
191

Aberrat ions/100 eel 1s*
Breaks

5
8
7
6
13

7
17
26

Exchanges

0

0
1
1

15

1
12
65

**

Breaks include: gaps, fragments, breaks, deletions
Exchanges include: dicentrics, chromatid exchanges, triradials

Radiation dose: 10 kGy (*n the presence of oxygen).

Publications

WILMER, J.W.G.M., H.B. LEVELING and J. SCHUBERT. Mutagenicity of irradiated
solutions of 2-deoxy-D-ribose. Mutation Research (In Press).

Lectures

WILMER, J.W.G.M. and J. SCHUBERT. Adduct formation involving radiolytic or
added hydrogen peroxide with food constituents: chemical and mutagenic
manifestations. CORC-meeting, IFIP Project, Karlsruhe, April 1979-

WILMER, J.W.G.M. Studies on the mutagenicity of gamma-irradiated nucleic
acid constituents in Salmonella typhimurium. CORC-meeting, IFIP
Project, Karlsruhe, April 1979.

Fig. 1 - The mutagenicity of 2-deoxy-D-ribose, irradiated in oxygenated
buffered solutions (0.01M) with a single dose of 10 kGy, to
Salmonella typhimwium TA 100.

Fig. 2 - Effect of 2-deoxy-D-ribose, irradiated under various conditions
on the frequency of His+ revertants in Salmonella typhimurium
strain TA 100.
Concentration of 2-deoxy-D-ribose: 0.01 M in 0.05 M
Phosphatebuffer, pH 7.0.
Radiation dose, 10 kGy.
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APPLICATION ASPECTS OF FOOD IRRADIATION TO IMPROVE FOOD HYGIENE

1. Combined heat and irradiation treatment to control mould contamination
in fruit and vegetables

Experiments combining moderate heat and irradiation treatments as a
control for mould and a substitute for chemicals were continued. In
the frame-work of the in vitro and in vivo experiments the following
topics were studied.

Using Botrytis cinerea the effect of heating, irradiation and the
combination of both in the inactivation of spores was studied. The
spore suspension was heated in the range 35 to 46 °C for 2.5, 5 and
10 minutes combined with radiation doses of 0, 0.25» 0.5, 0.75 and
1.0 kGy.
The inactivation of the Bo trytis spores after heating, irradiation
and the combined treatment is expressed in the figures 1-4. The
results show that these spores are heat sensitive and rather
radiation resistant. A combined treatment causes, however, a syn-
ergistic effect on the inactivation of the spore population. The
degree of synergism is a function of the temperature and the
heating time. With a heating time of 2-5 min the synergistic effect
starts at 44 °C (Fig. 2). However, if the heating time increases
(Figures 3 and 4) this effect appears at a lower temperature. A
suspension of about 10^ spores ml"1 was totally inactivated by the
combination 2.5 min at 46 °C + 1 kGy. The same spore suspension
was inactivated with the combination 10 min at 44 °C + 0.25 kGy.

lDfIUSQSê_2f_

iffisl
In practice it is often impossible to apply an irradiation treatment
immediately following the heat treatment. Therefore the following
experiments were carried out.

Peniaillium expansion spores were heated for 2.5, 5 and 10 min at 47
°C and subsequently irradiated with 0, 0.25, 0.5 and 0.75 kGy after
a time interval of 0.5, 1, 2, 3, 4, 5 and 24 hours.

Table 1 shows that the irradiation treatment has to be carried out
as soon as possible after the heat treatment. During the first 1 to
2 hours the synergistic effect is maintained but it disappears
after 4 to 5 hours

(•gr approaches to 1)

after a heating time of 2.5 and 5 min.

An increased heating time (10 min) enhances the synergistic effect,
further this effect is maintained longer at a postponed irradiation
treatment.
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Table 1 - Influence of time intervals on the synergistic effect (-=p)
of a combined heat and irradiation treatment on c

VeniciVLivm expansion

Time interval
between heating
and irradiation

Q.5 h
1 h
2 h
3 h
4 h
5 h

24 h

Heat treatment

2.5' - 47 °C

1.39
1.36
1.36
1.22
1.17
1.14
1.20

5' - 47 °C

1.56
7.70
1.46
1.22
1.17
1.05
1.18

10' - 47 °C

1.71
1.77
1.64
1.39
1.37
1.25
1.34

Di = D-jQ value of the irradiation treatment
Dc = Dio value of the combined treatment.

laboration
wTthF7M7Canet-Pradës)
Over the last years it has been reported that after an irradiation
treatment restoration of the vital activity of some moulds occurs in
a suspension before plating; the so-called liquid holding recovery
(L.H.R.). In relation to the combined treatment there is no information
about this phenomenon.
For this reason spore suspensions of Perticillium expansion and Botrytis
oinerea were heated in a range of 20-55 °C and 20-44 °C respectively
for 5 min and irradiated with a dose of 0-1 kGy.
After a liquid holding recovery of 0, 24 and 48 h at 30 °C for Penioil-
lium expansion and C and 72 h for Botrytis oinerea the spore suspensions
were plated on CDA-medium and incubated 3-4 days at 25 °C.

It appears (table 2) that the spores of P. expansion can already recover
after a liquid holding recovery of 24 h in a tween solution at 30 °C.
After 48 h the recovery does not increase in comparison with 24 h. This
recovery is only present after a combined treatment of heat and
irradiation. A negative effect on liquid holding recovery was observed
after a heat treatment alone.

In contrast with the results for Penicillium expansion a negative effect
on LHR was observed for Botrytis oinevea for nearly all the treatments
(table 3 ) . A slightly positive liquid holding recovery was, however,
found at a combined treatment of 42 °C, 5 min + 1 kGy and 44 °C, 5 min
+ 0,5 kGy.
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Table 2 - Percentage survival of Peniaillium spores after a combined
treatment and liquid holding recovery (LHR) for 24 and 48 h
in a tween solution at 30 °C.

Time
LHR

0

24 h

48 h

Heating
Temp.°C

20
45
50
53
55

20
45
50
53
55

20
45
50
53
55

Dose kGy
0

100
116
98
17
1

134
96
84
10
0,1

80
69
75
0
0,5

0,25

24
12
1
0,2
0

51
18
3
0
0

45
22
4
0
0

0,50

2
0,4
0
0
0

6
1
0,08
0
0

6
1
0,1
0
0

0,75

0,4
0
u
0
0

0,7
0,05
0
0
0

0,7
0,08
0
0
0

1.0

0,04
0
0
0
0

0,09
0
0
0
0

0,08
0
0
0
0

Table 3 ~ Percentage survival of Botrytis cinevea spores after a
combined treatment and a liquid holding recovery (LHR) for
72 h in a tween solution at 2 °C.

Time
LHR

0

72 h

Heating
Temp.°C

20
40
42
44

20
40
42
44

Dose kGi
0

100
102
101
84

92
86
92
81

0,50

100
97
98
53

56
72
86
70

1

97
94
81
25

69
97
95
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d. Effect_gf_combmed_treatment_|n_fru]it_and_vegetablies_]infected_wj,th
fungi

Conference pears were infected with Penicilliwn expansion spores at
a concentration of 101* per spot. After an incubation of 12 hours at
20 °C the pears were dipped in water of 20, 35, **0, *»5 and 50 °C for
5 min and subsequently irradiated with 0, 0.25, 0.5 and 0.75 kGy.
The control did not receive a heat and irradiation treatment.
The product was stored at 15 °C and 95% R.H. During storage the
fruits were evaluated on decay (rot), colour, ripeness and senescence
(core flush).

Fig. 5a gives the results of unripe fruit and fig. 5b of ripe fruit.
A heat or irradiation treatment alone has a slight effect on the in-
activation of rot. A combined treatment, however, delays considerably
the development of decay. A treatment for 5 min at ^5 °C + 0.5 kGy
prevents totally the rot in the unripe fruits (fig. 5a). The results
with unripe fruits were much more promising than with ripe fruits.
The combined treatment also inhibits the colouring, the ripening and
the senescence, which is measured by the brown colouring round the
core = core flush. The effect of a combined treatment on the occur-
rence of core flush is demonstrated in fig. 6.

Potatoes

Rotting due to Phytophthora infestans is an important disease in
stored potato tubers.
In practice a gamma irradiation with a dose of 0.08 - 0.15 kGy,
(necessary to prevent sprouting) is not sufficient to control a fungal
infection in the tubers.
The aim of thé following experiments is to study the effect of a
combined heat and irradiation treatment on the occurrence of rotting
of potato tubers artificially infected with P. infestans in the top,
basal and lateral sides with a 104 spores per spot.
After an incubation of 2k hours at 20 °C the potatoes were dipped in
water at 20, kO, k$ and 50 °C for 5 min and subsequently irradiated
with 0, 0.05, 0.1, 0.15 and 0.5 kGy.
It was shown that P. infestans is rather resistant to heat and very
sensitive to irradiation; a heat treatment of 5 min at 50 °C causes
only a slight delay in rotting, but a gamma irradiation with 0.05 kGy
eliminates completely the infection. Due to the high sensitivity of
P. infestans to gamma irradiation it was impossible to study the
effect of the combined treatment. For that reason these experiments
will be continued with P. infestans spores in a more resistant stage of
Mycelium (longer incubation time) and with the fungus Fusaviwn.

Joma_toes_

In general an irradiation dose of 300 - 500 krad is necessary to
prevent mould infection in tomatoes. These doses, however, cause
tissue damage and an abnormal ripening in the product. For that reason
experiments were carried out with the combination of heat and irradiation
with the objective to control mould infections with a lower dose without
adverse effect on the quality.
The effect of irradiation, heat or a combined treatment on the re-
tardation of mould decay in turning and red tomatoes, which had been
infected artificially with Botrytis oinevea spores, is demonstrated
in fig. 7)•
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It can be seen that a dose of 1,2 kGy (120 krad) does not kill
B. ainerea spores; also a heat treatment of 5 min 45 °C is not
enough to inactivate the spores. j
A combination of 5 min *»5 °C and 1,2 kGy, however, eliminates
all the mould spores without adverse effect on the quality.

This experiment indicates that red tomatoes are more susceptible
for mould rot that tomatoes infected during the turning stage.

Further it appears from the figure that in irradiated turning
tomatoes the percentage rot is higher than in the non-irradiated
ones.
In general irradiation of tomatoes is best used with a fully ripe
product.
A combined treatment of heat and irradiation offers also possibilities
for immature tomatoes, provided that this treatment inactivates all
the mould spores.
The combine* treatment has the advantage that in the same time it
both delays the ripening and controls the microbial spoilage.

2. Temperature measurements in deep-frozen shrimps and frog legs

In practice these products are often contaminated with Salmonellae,
This pathogen can be eliminated by an irradiation dose of 5 kGy but
during irradiation at+20 °C the temperature in the product can arise
above -15 °C, resulting in quality loss. Using thermocouples in lined
and unlined containers the temperature course in the packed product was
followed.
Table k shows that after 4 hours the temperature in the unlined container
rose above -15 °C. With the aid of polystyrene lining (1 cm thickness)
the temperature in the product remained below -15 °C.

Table k - Temperature measurements at different sides of a deep-frozen
cardboard box filled with shrimps after placing it in an
aluminium container with or without a polystyrene lining
(thickness 1 cm). Temperatures measured during storage at
about +20 °C after 0 and k hours.

Reference points

Upper side

Under side

Small l a t e ra l side

Large l a te ra l side

Room temperature

With insu la t ion
0 h

-22.5

-23.0

-23-3

-23.7

+20.0

't h

- l i t . 8

-15.8

-16.3

-15.3

+21.5

Without insulation
0 h

-21.8

-21.5

-22.3

-22.5

+16.5

k h

-12.3

-11.8

-U.0

-13.2

+16.5
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Fig. 1 - Effect of temperature and heating time on the survival of
Botrytis cinerea spores (log n ) .

Fig. 2 - Survival curves of spores of Botrytis cinerea Pers ex Pers
expressed as log survival after 2.5 min of heating at various
temperatures, combined with irradiation.

Fig. 3 - Survival curves of spores of Botrytis cinerea Pers ex Pers
expressed as log survival after 5 min of heating at various
temperatures, combined with irradiation.

Fig. k - Survival curves os spores of Botrytis cinerea Pers ex Pers
expressed as log survival after 10 min of heating at various
temperatures, combined with irradiation.

Fig. 5 ~ Effect of heat, irradiation and combined treatment on the
percentage of rot in unripe (a) and ripe (b) Conference pears,
artificially infected with Penicillium expansion spores. The
pears were stored at 15 °C and 95% R.H.
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Fig. 6 - Percentage of core flush in unripe Conference pears which
are subjected to heat, irradiation or a combined heat and
irradiation treatment. The pears are stored 25 days at
15 °C and + 95% R.H.

Fig. 7 - Effect of heat, irradiation and combined treatment on the
percentage of rot in turning and red tomatoes, artificially
infected with Botrytis cinevea. The tomatoes were stored at
15 °C and 95% R.H.
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IRRADIATION HEAT TREATMENT (DIPPING)

kGy not dipped 5minat20°C 5minaU0°C 5minaUS°C 5minat50°C

0
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0.50

0.75
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5 9 17 22 5 9 17 22 5 9 17 22 5 9 17 22 5 9 17 22 days

Fig. Sa
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. 0-25
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:50-75
: 75-100

rotting spots

IRRADIATION HEAT TREATMENT (DIPPING)

kGy not dipped 5minat20°C 5minat350C 5mrnaU0°C 5 min at-45 °C

0

0.25

0.50

0.75

ffliïfflffl i vrnma 11\WXAWM 111r\m m

3 6 9 12
\2S2MmSm
3 6 9 12 3 6 9 12 \wnn n

3 6 9 12 3 6 9 12 days
- 0 °/<> rotting spots

= 0-25% ..

= 25-50°/o ..

- 5 0 - 7 5 % „

-75-100% „

Fig. 5b
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• 0 kGy

O 0.25 kGy

• 0.50 kGy
• 0.75 kGy

5min-40°C 5min-45°C 5 min-50 °C

Fig. 6

OBJECT IRRADIATION HEAT TREATMENT (DIPPING)
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W.W.A. Bergers, J.G. van Kooij.

STUDIES ON CHANGES IN PHENOLIC AND ALKALOIDAL COMPOUNDS OF IRRADIATED
POTATOES DURING POSTHARVEST STORAGE

Mutagenicity testing of alcoholoc extracts of irradiated and control
potatoes and of pure phenolic and alkaloidal compounds, known to exist
in potato tubers was completed. No evidence of mutagenic effects in the
Ames test was observed for either extracts of irradiated (0.1, 0.5 and
3 kGy) or non-irradiated tubers in the TA 100 and TA 98 strains with
and without addition of mi cros oma 1 liver enzyires.
Further, solanidine, solanine, coumarin, umbel 1iferon, exculetin scopo-
letin, chlorogenic and, caffeic acid, ferulic acid, o-coumaric acid and
p-coumaric acid were negative under similar conditions (till 200 yg/plate).

Chromatographic analysis of phenolic compounds of alcoholic extracts of
irradiated potato tubers and controls was performed by High Performance
Liquid Chromatography (HPLC) for the cultivars Eba and Bintje. High
resolutation of phenolic compounds was achieved on a Nucleosil SA column,
with as mobile phase, a gradient of Citric acid/Phosphate buffer (pH =
2.8 and 8). Chlorogenic acid, caffeic acid and the scopoletin 3-glycoside
could be estimated directly from the UV absorbance patterns.

The main accumulating fluorescent compound in high dose level (3 kGy)
irradiated potatoes was isolated and identified by UV, I.R. and Mass
spectrum as the B-glycoside of scopoletin.

Localization of accumulated fluorescent compounds was done by fluorescence
microscopy of fluorescent and non fluorescent tissue (in cooperation with
Dr. F. Engels of the Dept. of Botany of the Agricultural University). It
was found that specific fluorescent cells are present, particularly near
the cortex, which under plasrnolytic conditions concentrate fluorescent
compounds, thus implicating a vacuolar origin.

Further, preliminary findings of chronotropic effects of solanine on
primary beating rat heart cell cultures were reinvestigated in cooperation
with Dr. G. Alink of the Toxicological Dept. of the Agricultural University.

Publicat ions

BERGERS, W.W.A. A rapid quantitative assay for solanidine glycoalkaloids
in potatoes and industrial potato protein. Potato Research (In Press)
(1980).

BERGERS, W.W.A. On the chromogenic reactions of potato glycoalkaloids in
strong acids in the presence of (para)formaldehyde. Food Chemistry.
(In Press).•

BERGERS, W.W.A. Investigation of the contents of phenolic and alkaloidal
compounds of gamma irradiated potatoes during storage. (In Press)
Food Chemistry.

Lectures

BERGERS, W.W.A. Studies of changes of phenolic and alkaloidal compounds of
irradiated potatoes. CORC meeting Karlsruhe, 23-25 April 1979.

BERGERS, W.W.A. Radiation effects on plant tissues. IFFIT course on Food
Irradiation, Sept. 1979-
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PROJECT Mo. 123

A.F. Groneman, W.F. Oosterheert

ANNUAL REPORT 1979

DISINFECTION AND PHYSICAL AND CHEMICAL CHANGES IN WASTE WATERS, SLUDGE
AND AGRICULTURAL WASTES

1. Bacteriological investigations

It is of interest for agriculture to consider recycling scenarios that
use undigested sludges as they contain higher concentraitons of
nitrogen, phosphorus and organic matter than digested sludges. Also
from the.point of view of waste water management, this approach is of
interest because it reduces the time and number of treatments of
sludges, thus resulting in technological and economic advantages.

However, the utilization of this type of sludge in agriculture is
restricted by the presence of human pathogens. Therefore studies
concerning the disinfection efficiency of gamma irradiation in un-
digested sludge at pilot plant level were performed in cooperation
with the Bayerische Landesanstalt fiir Bodenkultur und Pflanzenbau
and results compared with the disinfection efficiency of this radiation
treatment in digested sludge. Typical results of Salmonella
determinations collected by Dr. I. Wizigmann at Munich, are summarized
in table 1.

Probably the most significant feature of the data in table 1 is the
dramatic difference in the inactivation efficiency of 300 daGy of gamma
irradiation between raw sludge and digested sludge. The inactivation of
Salmonella species is considered adequate in the case of digested
sludge, whereas the irradiation treatment at pilot plant level is in-
adequate in the case of undigested sludge.

Table 1 - Salmonella inactivation by gamma irradiation in undigested and
anaerobically digested sludge from Geiselbullach

Sludge
type

Raw sludge

Anaerobical ly
digested
sludge

Occurrence of Salmonella species in sludge samples of
0.01 g, 0.1 g, 1 g, 10 g or 100 g

Unirradiated
No. of
samples

6

55

Salmonella
pos i t i ve

6

51

Salmonella
negative

0

k

1rradiated
No. of
samples

28

165

Salmonella
positive

23

2

Salmonella
negative

5

163

After I. Wizigmann

The most frequent Salmonella serotypes were: S. •panama, S. agona, S. typhi-
muriian, S. infant-is, S. hadar, S. heidelberg, S. derby, S. give, S. living-
stone, S. brandenburg, S. manhattan, S. newlands, S. münahen.

An apparent explanation for the difference in radiation inactivation of
microorganisms is that raw sludge contains protective substances, that
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are lost upon anaerobic digestion. In order to test this hypothesis and
to gain insight into the mechanisms by which sludge types affect the rate
of inactivation of microorganisms, pulse radiolysis experiments were
performed to estimate the reactivity of the liquid phase of the sludge
system.

Samples of irradiated digested sludge and undigested sludge together
with their controls were obtained from Germany. The scavenging powers
of the liquid phases toward OH radicals were determined with a pulse
radiolysis apparatus in the laboratories of the Department of Molecular
Biophysics of the University of Utrecht. The data indicate (table 2) that
the reactivity of the liquid phase of undigested raw sludge towards OH
radicals is approximately 21 times as high as the reactivity of the
liquid phase of anaerobically digested sludge. This gives evidence that
in undigested raw sludge a larger fraction of the radiation generated
OH radicals react with the liquid phase causing less OH radicals to be
available for the inactivation of microorganisms. The higher reactivity
of the liquid phase of raw sludge toward OH radicals is due to the
nature and concentration of dissolved organic compounds as can be
deducted from the Total Organic Carbon (TOC) data. The TOC concentrations
in the liquid phase of raw sludge are about 10 times higher than the TOC
concentration of the liquid phase of digested sludge.

Table 2 - Effects of irradiation treatments on the Total Organic Carbon
concentration and the scavenging power for OH radicals of the
liquid phase of undigested and anaerobically digested sludges
from Geiselbullach

Sludge type

Raw sludge

Anaerobical ly
digested
sludge

Suspended
solid

%

2.1
2.1
2.1

2.4
2.1

Treatment

daGy

0
100
300

0
300

Total Organic
Carbon
ppm

1318
1700
1736

132
171

Scavenging
power
s-1

7.1 x 107

5.1 x 107

5.1 x 107

2.4 x 106

3.0 x 106

Phenol
equivalent

M

5.0 x 10"3

3.7 x 10"3

3.7 x 10"3

1.7 x 10-tf

2.2 x ̂ Q~L>

After A.F. Groneman

It is noteworthy that the scavenging power of the liquid phase does not
increase proportionally with the TOC concentration.

Experiments at pilot plant level are planned to increase the inactivation
efficiency of gamma irradiation in raw sludge by the use of the sensitizer',
oxygen.

It has been considered whether or not the dissolved products from the
chemical reactions of radiolytically generated radicals with the solid
phase of fluid sludges would be mutagenic and harmful in sludges to be
used for recycling in agriculture.

Since no dat) on mutagenic potentials of organic waste extracts have
been reported, the mutagenicity of extracts of a treated sludge was
evaluated by means of the Ames mutagenicity test in cooperation with
Messrs. Wilmer and Leveling. In this test auxotrophic strains of
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Salmonella typhimurium were employed and the number of bacteria that
were reverted back to an ability to grow without added histidine was
determined. The employed strains are the most sensitive to detect
base-pair mutations (TA 100) and frameshift mutations (TA 98).

Experimental results are presented in table 3* They indicate that
neither extracts of irradiated sludge nor extracts of pasteurized
sludge exhibited mutagenic activity in any of the two tester strains.
Also growth of the background lawn was not inhibited. Although a single
mutagenicity test is never sufficient to detect all possible adverse
genetic effects, the results provide at least no indications of a
mutagenic effect of anaerobically digested sludge, whether pasteurized
or irradiated at 300 daGy.

Table 3 - Reversion of Salmonella typhimurium strains TA 100 and TA 98
following exposure to extracts of untreated and treated
anaerobically digested sludge from Zeist

Test material

Original extracts
Untreated sludge

Sludge, exposed
to 300 daGy of
Y irradiation

Sludge,
pasteurized at
70 °C for 30 min

Concentrated
extracts
Untreated sludge

Sludge, exposed
to 300 daGy of
Y irradiation

Sludge,
pasteurized at
70 °C for 30 min

Total Organic
Carbon of Extract

ppm C

138
138
138

336
336
336

603
603
603

263
263
263

565
565
565
1027
1027
1027

Dose level
in ml per
plate

0.
0.
0.

0.
0.
0.

0.
0.
0

0
0
0

0
0
0

0
0
0

2
4
8

2
4
8

2
4
8

2
4
.8

.2

.4

.8

.2

.4

.8

tevertants
Strain
TA 100

124 +
106 +

139 +
125 +,

128 +
128 +

102 +
104 +

117 +
94 +

127 +
129 +

11
11

20
6

9
9

13
12

16
14

11
6

per plate
Strain
TA 98

16 +
18 +

14 +
16 +

17 +
21 +

17 +
13 ±

17 +
17 +

19 +
18 +

3
9

3
4

4
2

4
3

6
5

oo
vn

Values are given as means +_ SD of three replicates.
Spontaneous revertants for strains TA 100 and TA 98 were respectively
127 +_ 5 and 18 +_ 6 colonies per plate. No growth inhibition of the
background lawn was observed.
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2. Physical chemical investigations

The conditioning effect of gamma irradiation was determined in a series
of alternative sludges from different waste water treatment plants.
Considerable differences in response to irradiation treatments were
found. To determine whether or not these differences in conditioning
were due to differences in reactivity of sludges towards the radio-
lytical ly generated OH radicals, a series of experiments was performed
to determine the reactivity of the liquid phase and the solid phase in
the sludge system.
Nanosecond pulse radiolysis is a valuable tool to obtain more quantita-
tive information on the chemistry and kinetics of radicals in the sludge
system. However, this method suffers from the limitations of spectro-
photometry. The reactivity of OH radicals in nontransparent solutions
and the solid phase of sludges cannot be determined by this technique.
Therefore another method was developed using radioactive labelled benzo-
ate salt in stationary-state radiolysis.

Radiolytically generated OH radicals react with benzoic acid to form
carbon dioxide from the carboxyl group. When 1 4C carboxyl-labelled
benzoate is used then the radiolytic decarboxylation of benzoate ions
by irradiation can be measured. This is done by removing quantitatively
the decarboxylized CO2 and by measuring the amound of recovered 14C02
by liquid scintillation counting assemblies.

A systematic investigation of various 14C02 recovery devises and of 5
liquid se intiHants revealed that the best results were obtained with
Lumagel when 1 N NaOH was used for lt+C02 recovery with a counting
efficiency of 85%.

Radiolytic yields of C02 from a pure 1.6 mM sodium benzoate solution
were G CO2 = 0.72 +_ 0.03- This agrees well with results of published work.

When a second solute is added such as ethanol or sludge components which
react competitively with OH, than the yield of CO2 will decrease.
The reduction of the radiolytic CO2 formation occurs according the
following equation:

Go _ 1 + JSiJii
Gs KB [B ]

where [B] is the concentration of the reference solute, benzoic acid,
[S] is the concentration of the scavenger, Kg and Kg are the respective
rate constants for reaction of OH with each solute. Go is the radiation
yield of CO2 when scavenger S is absent and Gs is the radiation yield
when scavenger S is present.

In preliminary experiments with a simple system using ethanol as OH
scavenger, relative reaction rate constants for OH radicals for ethanol
were determined. Results agreed well with published values obtained with
pulse radiolysis methods.

Once reliable results were obtained from simple systems and because
satisfactory competition could be established with benzoate, the ex-
periments were extended to the determination of the reactivity of the
liquid phase and solid phase of sludges in terms of scavenging power.

The values for the scavenging power of the liquid phase of 2.3 to 3-7 x 10e

sec"1 determined by the stationary-state radiolysis experiments
correspond reasonably well with the values determined with pulse radiolysis
experiments. (Table k).
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Table A - Reactivity of anaerobically digested sludge from Zeist and
its liquor in terms of scavenging power as determined by
stationary-state radiolysis experiments

Sludge 1

2.3 x

to

3.7 x

iquor

106

106

-• Scavenging Power, sec"1

Sludge
non irradiated

13-2 x 107

to

16.A x 107

Sludge
irradiated
at 300 daGy

5.2 x 107

to

8.2 x 107

Results obtained so far indicate that the reactivity of the solid phase
for OH radicals is greater than that of the liquid phase. Furthermore
preliminary evidence was collected that suggested a decrease in re-
activity of the sdid phase for OH radicals after an irradiation treat-
ment of 300 daGy. This may be one of the key reasons for the always
observed decreasing rate of conditioning with increasing dose.

Publications

GRONEMAN, A.F. Radiation induced chemical changes in and disinfection
of liquid waste suitable for supplemental feed. Proceedings of
ESNA Workshop on Irradiation of Organic Wastes for the Purpose
of Animal Feed. Hanover, May 2-k, 1979 (In Press).

Lectures

GRONEMAN, A.F. Ongoing international research, development, and de-
monstration efforts concerning the liquid and solid organic wastes
by ionizing radiation for use in agriculture. ESNA Workshop on
Irradiation of Organic Wastes for the Purpose of Animal F.eed.
Hanover, May 2-k, 1979.

GRONEMAN, A.F. Waste Irradiation. A Review. Presented at the Seminar on
the Application of Irradiation in the Fields of Agriculture and
Industry organized by the Swedish University of Agricultural
Sciences, Uppsala, Sweden, October 11th, 1979-

GRONEMAN, A.F. Radiation chemical investigations on the radiation in-
activation of Salmonella in sewage sludges. Presented at the Xth
annual ESNA meeting at Zemun, Yugoslavia, October 1979-
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SUMMARY OF THE 1979 ANNUAL REPORT OF THE EXTERNAL SERVICES GROUP

INVOLVING PROJECTS 105, 113 and 116.

Nuclear Methodology

For the promotion and application of nuclear methods five courses have
been organized. Research has been carried out on the Cerenkov counting
of 32P with the help of wavelength shifters and on background
variations in Cerenkov measurements.

The development of an internal micro-computer network has been started
and a universal coupling system for optimal completed data transfer
from peri feral divices to the ITAL-PDP computer system has been developed.
In cooperation with other institutes several techniques using radio-
nuciides have been developed, e.g. residence time measurements in food
extruders with 64Cu and in the abomasum of sheep with 57Co.

Consultative services have been given to the Swedish University of
Agricultural Sciences about the treatment of waste water products
with ionizing radiation and to industrial organizations about the
application of irradiation for recycling and dewatering of food process
water. This process was also applied in order to improve the bio-
degradability of organic matter in organic sludges.

Mutation Breeding

The interest in the application of mutation breeding techniques for
vegetatively propagated ornamental crops has increased considerably
and many mutant cultivars have been put on the market.

Application of Food Irradiation

Interest has grown in the application of ionizing radiation for food
irradiation, especially for in transit frozen frog legs, frozen
shrimps and spices and condiments.

ESNA

The Annual ESNA Meeting 1979 at Zemun in Yugoslavia was organized
and the proceedings of meetings of the ESNA working group on Waste
Irradiation in Brno and Hanover have been prepared.
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PROJECT No. 105 ANNUAL REPORT 1979

C. Broertjes

COORDINATION OF MUTATION BREEDING, PREDOMINANTLY IN VEGETATIVELY PROPAGATED
CROPS

The interest in the application of induced mutations has been much greater
during 1979 as compared to the previous years. The number of new projects
started was 27 (the average during the last 5 years was approx. 15) and
concerned the following vegetatively propagated ornamental crops: Alstroe-
meria, Allium, Marine, Amaryllus, chrysanthemum (2), Euphorbia fulgens,
Gladiolus, Hibiscus, Kalanoho'è (8), Lilium (3), Rhipsalis, Saintpaulia,
tulip (2), Vuylstekeara (an orchid) and Zygoaaatus, as well as the seed-
propagated ornamental Matthiola. This brings the total number of projects
initiated since 1959 to 285 of which over 50% are actively being carried
out (some of the older ones were discontinued or replaced by others).

Several mutant cultivars were commercialized namely approx. 13 of
chrysanthemum, approx. 7 of Alsvroemeria (full details of both crops are
not yet available), 1 of Azalea, 1 of Euphorbia fulgens and including 23
of tulip, which were commercialized earlier but from which the details
became available only recently. The total number of commercial mutants of
vegetatively propagated crops, resulting from cooperative projects between
the Foundation ITAL and plant breeders at Institutes or of commercial
companies, is now over 140 (the world total is approx. 300).

Publicat ions

BROERTJES, C., 1979- The improvement of Chrysanthemum morifolium Psm. by
induced mutations. Eucarpia Meeting on Chrysanthemums. Littlehampton,
England, 1978; pp. 93-102.

LEENHOUTS, H.P., SIJSMA, M.J., LITWINISZYN, M., BROERTJES, C. and CHADWICK,
K.H., 1979- Radiation stimulated repair in Saintpaulia cells in vivo.
Symp. British Assoc. Rad. Res., Wrescham, U.K. Elsevier Scient. Publ.
Co., Amsterdam: 227-236.

BROERTJES, C. and KEEN, A., 1980. Adventitious buds: do they develop from
one cell? Euphytica, 29 (1) (In Press).
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PROJECT No. 113 ANNUAL REPORT 1979

H.G. Heins

COMMERCIALIZATION OF FOOD IRRADIATION FOR PRESERVATION PURPOSES

Spices and condiments

The commercially applied radiation decontamination for spices and condiments
continues to grow, not only in quantities, but also in the number of firms
offering their products for this treatment.
For the first time canned powdered garlic was irradiated.
The total quantity that was treated during 1979 amounted to i»1 901 kg (1978:
10 650 kg).

Hungarian luncheon meat

Tal lowing a request from Hungarian colleagues, samples of Hungarian luncheon
meat were evaluated by CIVO meat specialists. This project, containing
ingredients decontaminated by 5 kGy (500 krad) gammarays, was processed by
different FQ values in order to identify the optimum heating, considering
the required commercial sterility and the obtained product characteristics.
It appeared that the combination of mixing irradiated ingredients and heating
of the final product produced better results in all cases, when compared with
the traditionally heated commodity.

Potatoes

Efforts failed to have irradiated potatoes commercially sold on a considerably
larger scale. The promising contacts with the board of a buying association
did not lead to further progress.
The traditional sale to ITAL personnel was continued. This year 5500 kg of
irradiated potatoes was sold, including the quantity bought by others. It is
presumed that the latter were willing to buy more easily this time. This in
spite of the high price of the irradiated commodity this season, which was
now based on the full radiation costs.

Onions

The quality of the onions that were irradiated during the previous season,
was eaviuated regularly during the last part of the storage period. This
inspection was carried out in cooperation with an expert of the Foundation
Dutch Onion Federation (SNUiF). The result of this experiment was - in
contrast to earlier experiences - rather disappointing. The percentage of
sprouted onions was high (up to 20%, while normally a sprouting percentage
of up to 5% is found at the end of the storage period). It was probably
due to the extraordinary wet 1978 season, that retarted growth and harvesting
presumably also disturbed the dormancy period. And this may have been
harmful to the sprout inhibition result of the applied irradiation.

Frog legs and shrimps

The microbial decontamination of imported frozen frog legs and shrimps -
mainly in transic traffic - has been fully commercialized this year. Total
quantities of 710 305 kg of frozen frog legs and of H 7 9*»0 kg of frozen
shrimps were treated during the covered period.

The FQ value, as used in this text, states the number of minutes of heating
at 250 °F.
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Technical and Preliminary Research Reports

HEINS, H.G. Beoordeling van bestraalde verse visfilets in de praktijk.
Een tweede enquête onder een aantal institutionele grootverbruikers
tijdens een door Kok-Ede B.V. gerealiseerde proefmarkt. Association
Euratom-ITAL, Technical and Preliminary Report No. 84.

HEINS, H.G. Bewaarproef met bestraalde consumptie-uien onder praktijk-'
omstandigheden. Seizoen 1978-1979* Association Euratom-ITAL, Technical
and Preliminary Report No. 89.

Travel Report

HEINS, H.G. Bezoek aan het Central Food Research Institute te Budapest,
23-29 September 1979. Association Euratom-ITAL, Travel Report No. 263.
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J.F. Stoutjesdijk, J.G. de Swart, W.F. Oosterheert, A.F. Groneman,
M.J. Frissel

DEVELOPMENT, IMPROVEMENT AND PROMOTION OF APPLICATION OF NUCLEAR AND RE-
LATED PHYSICAL AND CHEMICAL METHODS IN BIOLOGY AND AGRICULTURE

1. Courses

During this period five courses have been organized
a) General Radionuclide Course - 21 participants (6)
b) Liquid Scintillation Course - Ik participants (3)
c) Health Physics Course - 10 participants (1)
d) Short Radionuclide Course - 18 participants

In courses a, b and c the number of members of ITAL participants is
added between brackets.

In course c) an examination was held under the auspices of the Ministry
of Health and Environmental Protection and the Ministry of Social Affairs
- only one candidate was unsuccessful.

e) Food irradiation course under the auspices of IFFIT (International
Facility for Food Irradiation Technology).
An international course of six weeks has been organized, in co-
operation with the Food Irradiation group, for sixteen participants,
mainly from developing countries.

2. Evaluation of nuclear and related physical and chemical methods

•1 ?SÜSGb2Y_ÏÏSi5ytëmëQÏ5_ïïi£b_i2^iy!D_5§Ii9yI§£§_§Q^_§£f£2Dë (W.F. Pieters)
The addition of a few mill Mitres of acetone during counting 32P by the
Cerenkov method and using sodium-salicylate as a wavelength shifter,
leads to rather high counting efficiencies (viz. 63? with sodium-sali-
cylate and 75? with both acetone and sodium-salicylate compared to h6%
without any addition). Experiments were performed to find an optimum
quantity of acetone in the counting vials. The addition of 7 ml of
acetone leads to a counting efficiency of 86% with a good stability of
the samples. This result was obtained by counting in the Unilux liquid
scintillation counter in an integral channel with the lowest possible
lower level. Counting these samples in the Mark I resulted in some 2
or "i>% lower counting efficiency.

•2 P.?3SÉliimf»mS§5yr.Ëmên.J§ (W.F. Pi eters)

One of the laboratory experiments of the ITAL-Radionuclide course is
the determination of the dead time of a G.M. counting tube. The results
of these measurements have been getting worse for the last five years.
Experiments were performed to shov; the relationship between counting-
rates and the determined dead-time T. It was shown that if the counting-
rate was kept within the range of 50 000 - 100 000 min"1, the results
were reliable when compared with the determination of the real dead-
time obtained by an electronic measuring method.

• 3 Background cgunting_of_Pj.ast|c_scmti.Hation_v]_al,s_j.n_Iigu id_scmti^Hatign
egingment lw.F. Pieters)

When counting low activity samples by means of liquid scintillation
methods, a difference between vials was found in the background counts.
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This observation was checked by counting three series of 20 vials each
in ths Mark I, Mark II as well as in the Unilux, all manufactured by
Nuclear Chicago. Another series of 20 plastic vials containing 10 ml
of water was counted. All vials were capped. The counting time was
100 minutes for each sample. The samples were counted in an integral
channel with low lower level and the highest possible gain for several
times.
The mean value and the standard deviation were calculated. For empty
vials the average values and the standard deviation for the Mark I,
Mark I I and Unilux were x = 27,7, a = 0,7, x + 9,5, a = Q,k and x= 19,3,
o = 0,5 min"1 respectively. For vials with 10 ml of water these values were
12,6 and 0,4 min"1 for the Mark II apparatus. From the results we may
conclude there are no significant differences in background counting-
rate from one vial to another. Probably the differences observed so far
have been caused by spikes on the main supply. Now usually each empty
vial is counted before filling and the number of background counts
obtained in this way, is substracted from the number of total count.
This procedure can give rise to higher errors and it is advisable to
count all the empty vials and use the mean value for background
subtraction.

§Y§Iy§£i2Q_2f_§D_5£25£i£_93schromatogg^c_
IëS2iE3Ïi2ü_§§mBÏ§S_fr.°.m_e.n.ilY.§ TWTF. Pietersj
For experiments for the first IFFIT food-irradiation course, a rapid
determination of respiration in samples of endive, associated with
a minimum of practical manipulations, was necessary. The gases to be
measured were nitrogen, oxygen and carbon dioxide. Starting with the
usual gaschromatographic method, the procedure was shortened and the
apparatus adapted for automatic calibration and calculations. The
method was shortened until the total procedure including the
calculations did not take more than six minutes, while the results
obtained were in good agreement to those obtained with an Orsat
apparatus.

5 Determination of L-Thy_roxine in human thy_roid by radio-immuno assay_
T 7 7 " T ê ë J
Sofar the determination of insulin in the general radionuclide
courses has not been reliable. Therefore a new experiment was set up,
using the same technique but with a different R!A kit. Results obtained
with L-thyroxine proved to be better, and will be used in future.

The microprocessor development facilities have been extended, by
coupling of the MDS 800 system to the large computer system of the
Institute. As a results, more technicians can work on the development
system simultaneously with increased efficiency.
The development of the communication micro-computer network has been
started, to obtain universal coupling facilities on the central system
of the Institute. A microprocessor based control system for soil
column scanners has been developed for extension of the ITAL scanner-
system as.well as for modification of the.old 2 4 1Am soil column
scanner of the Department of Soils and Fertilizers of the Agricultural
University of Wageningen.
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2-7 §yL|P_comgar|sgn_grogramnie

The development of a sample changer for measurement of 600 thermo-
luminescent-dosimeters for the EULEP comparison programme has been
started.

.8 Central_cgmguter_sy_stern

A universal soupling system for optimal completed data transfer
(galvanic separation) from peri feral devices to the PDP computer
system has been developed. The coupling system has a capacity of
twelve in/output channels and can be used for passive as well as
for active communication.

3. Cooperation with other institutes

.1 Cooperation with Prof.Dr. J. Arends and Dr. D. Slop of the Depart-
ment Materia Technica of the State University in Groningen about
the affect of toothbrush ing on the enamel of teeth. Tooth-enamel
has been irradiated in the ITAL nuclear reactor to produce 32P,
which can be easily followed in toothbrushing experiments. From a
calculation of the induced activities by neutron irradiation it was
concluded that the other components of the enamel would not inter-
fere with these experiments. A first experiment in the autumn gave
promising results.

.2 Cooperation with Dr.lr. P.J.A.M. Kerkhof of the Netherlands Institute
for Dairy Research at Ede.
Plans have been made to determined the water content in Dutch cheese
by a Y absorption method.

3. Cooperation with Ir. D.J. van Zuilichem of the Department of Food
Science of the Agricultural University of Wageningen on the residence
time measurements in food extruders.
In a previous investigation the residence times and the residence
time distribution were measured on ground maize in a single screw
extruder. 6lfCu was used as a tracer material.
This investigation is focussed on a protein rich material such as
soya. It was necessary to develop a new measuring system based on
a coincidence principle at the outlet of the extruder, measuring
the two opposite annihilation quanta following the positron emission
of 64Cu in order to obtain a nearly absolute spatial resolution and
an excellent background suppression. In the previous measuring
method the tail of the residence-time distribution curve could not
be used for further data processing, because of the high background
which made these measurements inaccurate.
Another disadvantage was the lack of knowledge about the mixing effect
in the feed section of the extruder. To improve the measurement
accuracy an extra single detector was mounted at the feed section of
the machine.
The shape of the response at this point might permit a correction of
the final data from the twin-detectors at the outlet.
The measurement at this entrance point was not very satisfactory,
mainly because of a disturbing influence of the screw itself. The
positron annihilation measurement, however, was very successful,
and the investigation on the soya testmaterial will soon be reported.
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3.*» Cooperation with Ir. J. van Bruchem of the Department of Animal
Physiology of the Agricultural University of Wageningen about the
retention time of food in the abomasum of sheep by a localization
technique with soft Y~eroitt:ers.
5 7Co with a main y of 122 keV and a half-life of 270 days has been
chosen ns a tracer.
Sheep were fitted with an abomasal infusion tube and with re-entrant
cannulae in the distal duodenum. In order to measure abomasal outflow
of digesta and the mean retention time of digesta in the abomasum
Ik kBq (2 uCi) 5 7Co, chelated with EDTA, were injected into the abomasum.
The radioactivity of digesta leaving the abomasum was observed with two
G.M. counters along the cannula, with 3 mm thick lead shielding between
the detectors and the body of the sheep. The signals from the G.M. tubes
were stored on a cassette and also displayed on a recorder with the help
of a countrate meter. Experiments were carried out with and without
continuous infusion of a 101 soya protein suspension into the abomasum.
After the first promising results, from which some preliminary con-
clusions could be drawn, the test sheep suddenly died and the experiments
had to be postponed. At the beginning of 1979, two new sheep were
prepared and the experiments restarted. At this moment much data have
been collected and the first results have been published.

.5 Cooperation with Mr. Kok of the Nuclear Reactor Plant in Dodewaard.
Several samples taken from the waste water of the Nuclear Reactor
were analysed by means of liquid scintillation methods. The nuclide in
the samples appeared to be mainly 3H. The amount of 3H was maximal
260 MBq/m3 (7 yCi/1). A standard sample prepared in Dodewaard
was also received to check our measuring method. This sample contained
152 MBq/m3 (4,1 pCi/l) of 3H and we found an activity concentration of
155 MBq/m3 (k,2 pCi/l).

.6 Cooperation with Dr. W. Norde and Mrs. P. Bosman of the Department of
Physical and Colloid Chemistry of the Agricultural University of Wage-
ningen on the uptake of cations during the adsorption of human plasma
albumin on polystyrene particles in a colloidal solution.
Assistance and advices were given on measuring methods and trouble-
shooting and maintenance to the y-spectrometer have been done.

.7 Cooperation with Ir. G. van der Heide of the Soil Tillage Laboratory
of the Agricultural University in Wageningen. Advice was given in
relationship to the measurements of the displacement of soil particles
under a moving wheel by means of 1 3 7Cs sources.

.8 Cooperation with Dr.lr. A. Varga of the Department of Plant Physiology
of the Agricultural University at Wageningen (cooperation with S.C.
van de Geijn). Difficulties have been met in the course of the in vivo
culture of tomato fruits, which were suspected to be caused by a
blocking of the transport of nutrients in the stem or fruit stalk.
MuJtilabel experiments to determine transport characteristics of
various nutrients were discussed. Preliminary experiments with a 3 2p-
labeled medium and semiconductor radiation detectors fixex to four
positions at the stem and fruit showed 32P to be entering into the fruit
within two hours. Experiments will be continued to determined possible
changes in the transport in the course of long term in vivo culture.

.9 Cooperation with Ir. W. Welling, Laboratory for Research on Insecticides
(W.F. Pieters). Advice and assistance have been given for determining
the radioactivity in *''C labeled insects by a combustion technique with
the aid of a Packard model 308 sample oxydizer. Experiments are
continuing.
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3.10 Cooperation with Dr. G. Lettinga of the Department of Water Purification
of the Agricultural University of Wageningen about the effects of
ionizing radiation on the microbiological conversion of organic waste
materials to methane gas (A.F. Groneman).
Advice and assistance have been given for preliminary experiments on
the improvement of the biodegradabi1ity of complex organic matter by
irradiation pretreatments in order to enhance the methane yield in
anaerobic digestion. The results and experiences obtained so far are
being used as a basis for research proposals in the search for sponsors.

.11 Consultative services in the area of the application of ionizing radiation
for recycling process water were given to Koen Visser Produkten B.V., Oud
Beijerland (A.F. Groneman). The technological and economic feasibility of
the application of ionizing radiation for recycling process water was
evaluated as a processing option for the production of taugê, which is an
ingredient of Chinese food.

.12 Consultative services have been given to the Swedish University of
Agricultural Sciences at Uppsala for the set up of an irradiation research
service center (A.F, Groneman). Scientific research progress in and the
technological and economic feasibility of waste irradiation was
elucidated in an invited lecture for delegates of Swedish Industries and
Universities. Advice on the set up and organization of an irradiation
research center were given.

.13 Cooperation with Comprimo B.V. at Zaandam concerning the use of
radiation treatments to ease the dewatering of liquid organic sludges
of a food factory (A.F. Groneman). A research programme is proposed to
investigate to what extent ionizing treatment can effectively improve
the dewatering characteristics of food processing wastes produced in the
manufacture of chicory.

4. Internal cooperation

.1 Advice and assistance were given to the Health Physics Department in
reference to measuring techniques for contaminated air filters from
radiochemical laboratories in the Institute and for wipe-tests to check
for contaminations in rooms which had been used for work with radio-
nuclides.
Advice has also been given in reference to measurements of human urine
samples for persons using open tritiated sources.

.2 Advice was given to A. den Hartog in reference to measuring problems
by means of liquid scintillation techniques in relation to liquid
samples from waste.

.3 General services. During the last courses held from January till May,
many troubles appeared in our counting equipment, probably due to the
heating of an hydrochloric acid solution in an oven in the counting
room, which caused corrosion in the equipment. We decided to start a
preventive maintenance on a routine base. The apparatus which have been
serviced so far are all the G.M. counters, the Unilux II liquid
scintillation counter and two Y"spectrometers. Troubles in NIM
apparatus have been reported to the Methodology and Instrument Develop-
ment Department.

.k For tracer studies of 61|Cu in the stem of plant material of F. Smeulders,
advice and instrumentation have been delivered for 3+ annihilation
detection, by which heavy lead col limators, causing distorsion of the oü-ero-
climate around the plant, could be avoided.
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^.5 Determination of the activity of the liquid waste load of the Institute.
The liquid waste load has been determined during the year in order to
assess the correct amount of pollution tax to be charged to the
Institute for 1979 (A.F. Groneman).

.6 Advice and assistance were given to Mrs. C. Stela,a guest worker
from Romania, who was interested in liquid scintillation techniques
for measuring 3 2P and 65Zn in plant materials (W.F. Pieters).

.7 Servicing and rearrangement of planchet counters (W.F. Pieters).
Because of the visit of Mr. J.K. Martin, Eden Hills, Australia, to the
institute for a period of 8 months, some planchet counters were needed
to count 65Zn and ^ C together in soil extracts. Due to the intense
yellow colours of these extracts liquid scintillation counting was im-
possible. This equipment necessary arrived totally disconnected and as
it had not been used for years the apparatus was rebuilt, serviced and
checked for performance.

5. Work in behalf of ESNA and other organizations

.1 The proceedings of.the third international conferenc'3 of ESNA working
group on "Waste Irradiation" held in Brno, Czechoslovakia was edited and
published by A.F. Groneman.

.2 A workshop sponsored by the Deutsche Forschungsgemeinschaft on "Irradiation
of organic wastes to be used as fertilizers and animal feed" was organized
and chaired by A.F. Groneman in Hanover from 2 through k May 1979.
Proceedings of this ESNA Workshop are in preparation.

.3 The organization of the 10th annual meeting of ESNA, that has convened
in Belgrade-Zemun, Yugoslavia from 15 through 21 October 1979, was co-
ordinated by P.H. van Hierop, secretary, M.J. Frissel and A.F. Groneman,
chairmen of several different working groups.

A One issue of the ESNA "Newsletter on the Application of Nuclear Methods
in Biology and Agriculture" has been published (J.F. Stoutjesdijk).

.5 One issue of the "Incompatibility Newsletter has been published (G.M.M.
Bredemeijer).

6. Committee Work

.1 Work in behalf of the Coordinating Committee for the Monitoring of
Radioactivity and Xenobiotic Substances (CCRX).
Stoutjesdijk, as the technical secretary for radioactivity, has prepared
the annual report for 1979 for radioactive substances. In the same
capacity he sat on a subcommittee of the Interdepartmental Commitee
for Nuclear Energy (ICK), which is in charge of the preparation of alarm
schemes for nuclear reactors, and Van der Klugt, Stoutjesdijk and De
Swart have participated in a working group of the "Landbouw Advies
Commissie voor Mi 1ieukritische Stoffen" (LAC), for the replacement of
monitors for the measurement of the radioactive contamination of milk.

.2 Van der Klugt and De Swart, the latter as secretary, have contributed
to the advisory work of the Committee for Automatization of Laboratory
Apparatus (COALA) at Wageningen.
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