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PREFACE

Since the publication of the 1981 annual report by
the Iraqi Atomic Energy Commission (IAEC) signifi-
cant progress has been made in various areas of the
peaceful applications of atomic energy in Iraq. One of
the major activities of the IAEC is the medical utiliza-
tions of radioisotopes which include the therapeutic
applications in the fields of radiotherapy and oncolo-
gy, the diagnostic applications in nuclear medicine
and other uses in medical research. At present, there
are four nuclear medicine centres in Iraq. The largest

_ two are situated in Baghdad and the other two are lo-
cated in the southern and northern parts of the coun-
try. The major activities of these centres are reflected
in this report.

Other major activities of the IAEC are represented by
the Nuclear Research Centre (NRC). The NRC is con-
cerned mainly with research on various applications of
radioisotopes in agriculture, biology, chemistry, phy-
sics and health physics. The present annual report
contains extended abstracts of research projects per-
formed at the NRC during the years 1982 -1983.

The lAEC's endeavour to extend the peaceful ap-
plications of atomic energy in Iraq has been going on
despite the condemned Israeli criminal act on 7th
June, 1981 which destroyed the peaceful Tammuz re-
search reactor. In this report, documents issued by in-
ternational organizations condemning this irresponsi-
ble criminal action are included.
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THE INSTITUTE AND HOSPITAL OF RADIOLOGY
AND NUCLEAR MEDICINE, BAGHDAD.

The Institute and Hospital of Radiology and Nuclear
Medicine was commissioned on 8th February, 1969, and
began to treat patients from all parts of the country. In the
beginning the Institute concentrated on teletherapy with li-
mited facilities. As the number of patients grew over the
years, it was necessary to add a new cobalt radiotherapy
machine - Theratron 80.

The total number of new cases who attended to get treat-
ment in the oncology department during the year 1982 was
2769. This number included patients who received treat-
ment by irradiation, chemotherapy or hormone therapy.

The Institute and Hospital comprise the follwir,, depart-
ments:

RADIOTHERAPY DEPARTMENT

The radiotherapy department deals with the treatment of
cancer cases by irradiation, chemotherapy, or hormone
therapy. All patients are checked properly to select the type
of treatment most suitable to their cases.

The types of cancer which are treated in the radiotherapy
department are as follows: Breast, Bladder, Bronchus,
Larynx, Brain tumour, Leukaemia, Skin, Nasopharynx,
Maxilla, Nose, Oral cavity, Hodgkin's disease, and other
unspecific sites.

This department has three accelerators, two cobalt units,
and one superficial 300 KV unit.

DIAGNOSTIC RADIOLOGY DEPARTMENT

The Radiology Department deals only with diagnosis.
The disease needs follow - up with the life span of the pa-
tient. Cancer spreads in different routes and metastatic le-
sion settles <n distant parts of the body from the primary. To
follow the metastatic lesion the best possible way is the di-
agnostic radiology. Hence, this department plays an impor-
tant role in the hospital.

NUCLEAR MEDICINE DEPARTMENT

Nuclear Medicine Department is mainly concerned with
diagnosis of different diseases and partially deals with
management of many thyroid disorders and polycythemia
vera.

Different kinds of diagnostic studies are done routinely in
the department including laboratory and radionuclide im-
aging studies.

The average total number of patients who attended this
department in the last few years were about 1200 per year.

Among the facilities available in the department are three
types of gamma cameras and a 3 - channel renograph.

MEDICAL PHYSICS DEPARTMENT

The department deals with radionuclides in nuclear
medicine and radiotherapy. The work in nuclear medicine
includes:

Acceptance tests of different instruments when first in-
stalled, (resolution, sensitivity, linearity.... etc).

Operation check (daily, weakly, quarterly, collimation.
peaking, chart recorder function, field flood, energy resolu-
tion...).

Ordering and organization of radionuclides to be used in
nuclear medicine.

Renography calculations.
Acquisition and analysis of dynamic studies.
Training of radiographers.
1-131 therapy doses.
Computers in nuclear medicine work.

The work in radiotherapy includes:

Acceptance test for new machine installation.
Radiation dosimetery.
Dose, dose rate, isodose chart, percentage depth dose
data.
Calibration for all physical parameters.
Radiotherapy planning calr 'lations.
Health physics.
Radiation protection, for staif and patients.
Radioactive materials control - storage, transportation
and radioactive waste disposal.

Teaching and training the students (graduate and under
graduate) in the radiation field.



Institute and Hospital of
Radiology and Nuclear
Medicine, Baghdad

Linear Accelerator at the
Radiotherapy Dept,
Institute and Hospital of
Radiology and Nuclear
Medicine, Baghdad

Isotron Cobalt 60 Unit at
the Institute and
Hospital of Radiology
and Nuclear Medicine,
Baghdad
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THE RADIOISOTOPES INSTITUTE,
MEDICAL CITY, BAGHDAD

This is the first centre of medical applications of radioiso-
topes established in Iraq in 1969. In fact it was the first cen-
tre of its kind in all the Arab Countries.

The centre has facilities tor all in - vitro and in - vivo uses
of open sources of radioisotopes. It does not include exter-
nal radiotherapy machines which are located at the Insti-
tute and Hospital of Radiology and Nuclear Medicine.

The Radioisotopes Institute is located near the Teaching
Hospital of the Medical City and the Medical College of
Baghdad University. Hence, many of the research projects
of the teaching staff of the College are dons in collaboration
with the Radioisotopes Institute.

There have been many research projects performed at
the Radioisotopes Institute, notably, the goitre survey and
the relation of goitre to iodine deficiency, the effect of Schis-
tosomiasis (Bilharzia) on the kidneys, the use of radioiso-
topes in the investigation of Mediteranean Thalassaemia,
the loss of blood through the gastrointestinal tract in hook-
worm anaemia and a variety of other projects. Radioiso-
tope techniques have been applied in clinical and basic re-
search in nearly every branch of the medical science. Dur-
ing the years since the Radioisotopes Institute was opened

all departments of the Medical College and Medical City
had projects in collaboration with the Institute at one time or
another.

Apart from the research, teaching and training activities
of the Radioisotopes Institute, most of the diagnostic uses
of nuclear medicine as well as therapy of benign thyroid
disorders are also done routinely. These include:

Static and dynamic scintigraphy of the brain.
Thyroid scintigraphy and other in - vivo thyroid studies.
Brain dynamic and static studies.
Liver - spleen scanning.
Hepato - (HI DA) studies.
Renography and kidney scanning.
Bone scanning.
51 Cr - red cell survival and spleen uptake test.
All in - vitro radioimmunoassay of hormones especially

serum thyroxine (T4) and (T3) uptake tests as well as T3
(RIA), TSH and other special tests for research projects,
e.g., HPL in pregnancy.

The total number of new patients seen at the Radioiso-
topes Institute annually is around twelve thousand pa-
tients.

Thyroid Imaging at the Radioisotopes Institute, Baghdad
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THE NUCLEAR MEDICINE CENTRE,
MOSUL f

\
The initiative, help and enthusiasm of the Iraqi Atomic

Energy Commission for the medical uses of radiation cen-
tres could not be better shown than the building of the
Mosul centre. The whole project was established by the
Iraqi AEC, and it is now a centre for the Teacing Hospital of
the Medical College of Mosul University.

The centre has facilities for al! ;n - vitro and in - vivo uses
of open sources of radioisotopes.

A cobalt 60 teletherapy unit for external radiotherapy is
also within the campus of the Hospital. This cobalt unit was
a gift from the International Atomic Energy Agency and it
has been replaced recently by a new one.

The Mosul Nuclear Medicine Centre was built on fairly
wide ground with the possibility of future addition and ex-
tension in mind.

This centre now serves the northern area of Iraq and ren-
ders facilities for the medical uses of radioisotopes in clinic-
al diagnosis and medical research.

Most of the diagnostic applications of nuclear medicine
as well as therapy of the thyroid disease are done at the
centre. These include:

Static and dynamic scan of the brain.
Thyroid scanning and other in-vivo thyroid studies*.
Lung, liver, and spleen scintigraphy.
Renography and kidney scanning.
Bone scanning.

All in - vitro radioimmunoassay of hormones (There are
two specialists in nuclear medicine and four practitioners

with good experience in nuclear medicine apart from sup-
porting physicists, chemists, technicians, nursing and
administrative staff).

Since the opening of the centre in 1971, the number of
patients has increased and now it totals over five
thousands new patients a year.

* Incidentally, Mosul and the surrouning area are amongst
the well known regions infested with endemic goitre.
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Mosul Nuclear Medicine Centre Micro Dot and Data Processing Equipment at the
Mosul Centre

In - Vitro T3 and T4 and Other Hormones Assay at
Mosul's Nuclear Medicine Centre

Gamma Camera for Dynamic and Static Imaging at
Mosul Centre



THE NUCLEAR MEDICINE CENTRE,
BASRAH

Basrah Nuclear Medicine Centre

This is the latest centre built by the Iraqi AEC. In spite of
the criminal war waged against Iraq by the Khomeini reg-
ime the centre started receiving patients and doing
radionuclide scintigraphic studies of the brain, thyroid, kid-
ney, liver, spleen, bone scanning as well as in - vitro hor-

monal assay of T3, T4 and TSH. The centre suffers from
shortage of technical staff but it is hoped that this problem
would be overcome in the near future. In addition, the cen-
tre serves the Teaching Hospital and Medical College of
Basrah University.

r

Gamma Camera at Basrah Centre Mini - Computer at Basrah Centre
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The application of radioacti ye Iodine - 131
in medicine is exemplified by the following
abstracts:



TREATMENT OF THYROID CANCER WITH RADIOAC-
TIVE IODINE-131

Eiselberg in 1894 [1] published his observation of a pa-
tient who developed myxoedema following the radical exci-
sion of a cervical thyroid cancer, and then spontaneous
cure of the hypothyroid state when a metastatic deposit de-
veloped in the sternum. This observation suggested that
certain thyriod cancers and their metastatic deposits can
concentrate iodine and produce thyroid hormones.

This raised hopes for the possible use of radioactive
iodine for the treatment of cancer of the thyroid gland. Over
thirty years of use of I -131 for thyriod cancer are now be-
hind us and it must be admitted that the early hopes of
' 'cure" have only been realised in a small percentage of pa-
tients. However, palliation of thyroid cancer with
radioiodine is still a worthwhile procedure. One of the great
drawbacks to treatment is the fact that, when first seen,
most of the patients in our country are beyond radical
surgery. Near total thyroidectomy, or removal of all normal
thyroid tissue and as much as possible of the tumour, is
essential to induce or improve uptake by the tumour and
any metastases. This is because the malignant tumour and
its metastases cannot compete with the normal thyroid tis-
sue for the radioiodine administered.

If only a biopsy is taken then it is necessary first to des-
tory the normal thyroid tissue with an ablation dose (50 -
100 me I-131).

No thyroid hormone medication should be given after
surgery or after the ablation dose in order to raise the level
of endogeneous thyroid stimulating hormone (TSH) and to
enhance the uptake of radioiodine by the tumour and any
metastases. Needless to say that the potential benefit of
radioactive iodine therapy could be considered only if the
biopsy showed the tumour to be well differentiated and pre-
ferably to be follicular carcinoma. Most workers use 150 -
200 me I -131 every 2 - 4 months (after surgery and abla-
tion of normal tissue). We have not gone above 1000mc
(total doses), but theoretically speaking it is necessary to
give a therapy dose of 150 - 200 me as long as there is up-
take in the primary tumour or the metastases.

Before each therapy dose the administration of replace-
ment thyroid hormone should be stopped six weeks before
the date of the therapy dose. A general blood count should
be done before and after each therapy dose is adminis-
tered. Also a tracer dose of 3 - 5 me I -131 should be given
and a whole body profile counting and scanning is done to
find out the sites of uptake.

Most patients will become completely myxoedematous

after the first or second therapy dose. This raises the prob-
lem, first because the myxoedema is disturbing the patient,
and second and more important, there is evidence that the
hypothyroid state causes increased levels of (TSH) and
may accelerate tumour growth. The dilemma is that TSH
suppression is desiralbe between the therapy doses of I -
1.31, but TSH stimulation is required for improving the up-
take. Therefore, exogeneous TSH is given in doses of 10
units daily for 3 - 5 days before therapy doses.

With the doses usually employed certain side effects are
to be expected. A mild degree of radiation sickness, com-
ing on between 4 -12 hours after giving the dose is com-
mon in about half of the patients. Swelling and tenderness
over the salivary giands with some degree of dryness of the
mouth occur on the second or third day but is rarely too
troublesome. However, Sir Eric Pochin [2] at University
College Hospital, London, published data on 4 cases of
ieukemia occuring in 140 cases of thyroid cancer treated
with 1-131.

Paul Starr and his group at UCLA California [3] foltowed
up 44 cases of well differntiated thyroid cancer, of which 26
without metastases survived 2 - 1 3 years; 18 cases with
metastases showed 56% survival for 2 - 6 years.

REFERENCES

[11 EISELBERG, K. in the Thyroid, ed. Warner. S. (1974) 179.

|2] POCHIN, E. in Proceedings of Fourth International Thyroid Conference,

London (1960) 139.

[3] STARR, P. in Proceedings of Fourth International Thyroid Conference,

London (1960) 385.

TREATMENT OF TOXIC ADENOMA OF THE THYROID
GLAND WITH RADIOACTIVE IODINE

Among patients referred to our thyroid clinic four hun-
dred and twenty cases of goitre were found to have hyper -
functioning thyroid nodule. Two hundred and forty seven of
these cases were hyperthyroid (toxic adenoma).

The clinical presentation was variable and diagnosis was
suspected when the thyroid scan revealed a hot nodule in
the scan.

A repeat of the sca.i after TSH administration to show the
supressed normal thryoid tissue was done to exclude con-
genital or surgical absence of one thyroid lobe [1 ]. The
scanning was done mostly with technetium 99m in the form
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of pertechnetate but sometimes rodioiodine 1-131 was
used. Serum T4 and T3 binding test, serum T3 supression
test and recently TSH test were done.

Both Radioactive iodine - 131 therapy and surgery are
very effective in the treatment of toxic adenoma and the
choice between the two methods is usually based on the
age of the patient. In young patients (below 30 years)
surgery is the treatment of choice. On the other hand in pa-
tients over 40 years radioactive iodine -131 therapy is pre-
ferred. The dose of radioiodine is rather high (20 - 30 me I-
131).

3-20-68

68 492
4-4-68

TOXIC ADENOMA
BEFORE AND
AFTER TSH
STIMULATION

gion with endemic goitre [2], with increased possible con-
sequences of thyroid dysfunction [3]. Patients visiting the
afternoon psychiatric clinic, for the first time, in the Medical
City Teaching Hospital, suffering from depession were in-
cluded. Total serum thyroxine (T4), T3 uptake test were
done and the Free Thyroxine Index (FTI) was calculated. In
border line cases the pituitary TSH in the serum was also
measured.

Ninety three female and seventeen male patients, rang-
ing in age from seventeen to sixty six years were studied.

Results and Conclusions

1. A total of 16 depressed patients had laboratory evidence
of thyroid dysfunction (15.4%).

2. Depression associated with thyroid dysfunction was not
in any way characteristic.

3. None of the depressed patients (excluding one patient
with sheehan syndrome) exhibited features of clinical
hypothyroidism.

4. In 4 out of 23 depressed patients who had also goitre
there was an associated thyroid dysfunction.

5. It seems pertinent to assess the thyroid function in every
depressed patient, expecially in areas with endemic
goitre.

6. Further work is needed to study the effect of thyroid ther-
apy on the depression of these patients.

REFERENCES

|11 PHILLIP MATIN. Handbook of Clinical Nuclear Medicine. London, HEN-

RY RIMPTON (1977) 274.
REFERENCES
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|2] DEMARCHI et al., Amer. J. Clin. Nutrition. 22 (1969) 1660.
|3J MALOOF, F. et al.. The Medical Clinics of North America, (1975) 1221.

TH' iROin DYSFUNCTION

DcNCE IN A RFGSON VvT '•-'.

The presence of psychiatric symptoms in conditions of
thyroid dysfunction has long been recognised. One of the
early contributions was the paper on (myxoedematouse
madness) by Asher [1 ]. Most of the studies done later on
the association of hypothyroidism and mental symptoms
approached the problem by starting with thyroid patients.

The present work was done to determine the incidence
of hypothyroidism among depressed patients living in an
area with endemic goitre patients and methods.

All the patients came from urban parts of Baghdad, a re-

i A \'M

In 1958 Burkitt [1] reported that African children were
especially affected by a multifocal tumour syndrome. Since
that time many researchers all over the world have directed
their attention to the behaviour and incidence of these
tumours.

Jaw lymphoma affects children between 2 and 8 years of
age. The general condition of these children is poor, and
they die within few weeks as a result of visceral involve-
ment by metastases.



Scanning with radioactive isotopes is used with increas-
ing frequency in order to study different pathologic changes
in the bones. Skeletal scanning has proved useful for deter-
mining the activity and extent of various osseous proces-
ses, especially since the introduction of the Tc - 99m label-
led agents [2]. The aim of this study was to evalute the scin-
tigraphic findings in whole body bone scanning using Tc -
99m MDP.

Four patients with jaw lymphoma of the (Middle East)
variety were studied. A dose of 10 -15 me. of Tc - 99m MDP
was given intravenously 3 to 4 hours before scanning.
Scans of multiple views of the skeleton were recorded on
Polaroid film with the gamma camera (IV) fitted with a high
resolution collimator. Each image was obtained with
300,000 counts.

This investigation of four cases of jaw lymphoma showed
a high uptake of Tc - 99m MDP with a "hot zone" corres-
ponding to the osteolytic area where the primary growth ori-
ginated in the molar - premolar regions of the jaw. Although
the data are limited, it is believed that the incidence of these
tumours is quite low. Furthermore, this study showed that
the jaw lymphoma does not metastasise to the skeletal
bones. Research is still in progress and aims to correlate
bone scanning with the therapeutic management of these
tumours.

REFERENCES
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-Q X 4

^4 &#* „ w

4* , .

'-J* *!*'

mm <~ ̂ c v*

P ^ | w . ^ „. „,. ^ . 1 1 f, HH f ̂  1.^4^'" ̂  '""^ . i F*

r
4

i

4
m., —-'.:

•M

0
4S

4ft





THE APPLICABILITY OF DUAL GAMMA SCANNING IN
MEASURING WATER CONTENT AND BULK DENSITY
IN ALLUVIAL SOIL.

Soil water determination with gamma ray attenuation is
widely used in laboratory experiments. Single gamma
scanning using either Cs -137 or Am - 241 has been de-
scribed by Gurr [1]. The technique of dual gamma scan-
ning has been used by Corey [2] and Nofziger [3]. Building
of single and/ or dual gamma scanner provides facilities in
measuring water content of swelling and non swelling soil
columns for experimental and theoretical description of wa-
ter and radionuclides movement.

A 400 mci of Cs -137 point source and 500 mci of Am -
241 line source were used as sources for gamma rays. A

dual gamma beam, 0.2cm by 3cm in cross section, was de-
vised by lead shielding and collimation of the two sources.
A Nal (Tl) detector (7.65 X 7.65cm) was placed on the
opposite side of the soil column, and shielded and colli-
mated to recieve the single beam from Cs -137 orthe com-
bined beam from botn sources. Two single channel analyz-
ers were adjusted to detect the gamma rays from Am - 241
and Cs -137 with an energy peak of 60 and 66 kev, respec-
tively. The count intensity from both energy peaks could be
visue'ly displayed on separate scalors or automatically
printed by a teletypewriter. Two gamma attenuation equa-
tions are solved simultaneously for water content and bulk
density determination of a thin layer of soil.

The shields and the collimators together with the sources
and the detector were mounted on a moveable platform.
The platform is moved up which can be rotated during
measurement. The above design offers the scanning of soil
column in y - r direction for water content and bulk density
measurement.

REFERENCES
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BIOLOGICAL SUPRESSION OF WEED BY SELECTED

VARIETIES OF (Sorghum bicolor)

The allelopathic effects of various crops have been re-
ported by many workers [1-3], but the differences in the

allelopathic potentiality against weedy species have been
shown only in few crops varieties [4,5].

In several papers, the allelopathic potentiality of Sor-
ghum bicolor has been reported and well documented.
However, no research was conducted to test the dif-
ferentical allelopathic ability among Sorghum varieties.
Therefor the following experiment was conducted to
screen 100 varities from Sorghum introduced to our centre
against Amaranthus retroflexus.

Five seeds from each variety were soaked for 24hrs and
planted in 8cm diameter plastic pot containing 260g of ster-
ilized washed quartz sand. The pots were placed for 10
days in growth room under 14hrs photoperiod at 26 ± 2C°
and 10hr dark period at 24 ± 2C°. The pots were watered
daily with distilled water for the days 1,2,3,4 and with half
strength Hoagland's solution for the remaining days. At the
end of the experiment, the bottom of each pot was fitted to
glass container connected to a gentel vacuum to facilitate
collection of root exudates. 13ml from each collection were
added to peteridish (10cm diameter) containing 40g steril-
ized sand and 25 seeds of A. retroflexus. Seed germina-
tion radical and hypocotyl lengths were measured 7 days
after seeding.

The results revealed that all of the hundered varities ofS.
bicolor were greatly differed in their ability to alter seed
germination and/or seedling growth of A. retroflexus.
Seed germination was reduced by nore than. 70% of con-
trol in 11 varities and 62% of control I -, 25 varities. The other
varities caused no significant reduction in seed germina-
tion.

The range for seed germination and growth was 80-106
and 77 -113 percent of control respectively. 10 varieties in-
hibited growth by more than 77% of control and 25 varieties
by approximately 85% of control. The other varieties did
not show significant inhibition or caused stimulation to
seedling growth. Most of the inhibitory effects occured in
the growth of radical of Amaranthus retroflexus seedl-
ings.

The results of this experiment determined the Sorghum
varieties which will be subjected to the subsequent studies
in this project.

REFERENCES
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INDUCED MUTATIONS IN BARLEY USING PHYSICAL
AND CHEMICAL MUTAGENS

Induction of mutations in barley Hordum vulgare via
ionizing radiation and/or chemical mutagens, has been re-
corded and documented by many investigators [1-3].

This study was carried out in 1970 by irradiated seeds of
barley cultivar Artoal with different doses of gamma - rays
before sowing. In the Ms

 plants many variants (mutations)
were found and those were subjected to carefull screening
through several successive generations. Some of these
variants were submitted to the Ministry of Agriculture and
the other are still under keen observations. The follwing re-
sults have been reached.

1 - Selection:
As a result of continuous screeing thirteen variants

were obtained. They are characterized by high values
of their morphological and yield components compared
to their origin (control Arivat).

Most of these selections were higher in the number of
tillers and spikes, while eleven variants were higher in
the mean weight of grains per plant. As the weight of
1000 grains concerned there were, only, three variants
surpassed their origin. It is worthy to mention that, some
of these variants have a huskless seeds in a two - rowed
or six - rowed spikes of different colours and forms.

2 - physical and Chemical Mutagens:
a. Gamma - Rays And Sodium Azide

This experiment was carried out in 1977 with two cul-
tivars namely Black Barley from Northern Iraq and
Numar. Gamma rays were used at three levels: 0,10
and 20 krad in one hand, and in another hand the seeds
were soaked in a solution of sodium azide for 4 hours
(The seeds were soaked in a 10'5 M sodium azide in
0.1 M phosphate buffer at PH 3.O.). In subsequent gen-
erations several variants (mutants) were obtained from
both varieties but the variants of Black Barley were dis-
carded due to their undesirable characters. Ten
variants of Numar were outstanding in morphological
and yield components characters. The highest incre-
ment in weight of grains per plant (7.1g) was obtained
from NA/20 variant. The weight of 1000 grains in OC/5/
A. increased 4 over the control.

b. Sodium Azide
This experiment was carried out in 1978 with cultivar

Arivat by soaking the seeds in a solution of NaN3 for
two periods: 4 and 5 hours. Among M2 plants many
variants were found. By very carefull screening the
number of variants decreased and remained 7 only.
Some of them showed a promising morophological and
yield components characters and they are under further
investigations.

3 - Mutants submitted to the Ministry of Agriculture:
a. In 1978 eight mutants were submitted to the special-

ists of the experimental station in Tel - Afar, Nineva. The
results of two years showed that, two mutants (B2 - 28 -
11 and du -142) were escaped from drought condition
due to their early maturity.
b. In 1982 ten mutants were submitted with their origins,
to the specialists in Abu - Ghraib Experimental Station
to evaluate their resistance to salinity.

REFERENCES
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INDUCED MUTATIONS IN LINSEED
CULTIVARS USING DIFFERENT MUTAGENS.

Linseed and/or flax (Linum usitatissimum) is one of the
sensitive crops to the external conditions, including
mutagenic agents [ 1 -3].

Our experiments for the 1982 were a continuation of the
previous experiments which started in 1970 on two linseed
cultivars namely: Marakishi No. 10 (V1) and Hindi No. 68
(V2). Many variants were obtained either as aresult of
mutation or selection. Some of these variants were submit-
ted to the Ministry of Agriculture for evalutation. The others
are still under further investigations.
1 - Selection:

As a result of continuous screening for several gen-
erations for unmutated plants from all treatments 12
selections were obtained, seven of which from (V1) and
five from (V2). The selection was based on the values of
their yield components [Weight of 20 bolls, number and
weight of seeds in 20 bolls and weight of 1000 grains]
the highest increase was obtained from the selections
derived from Marakishi No. 10 (V).

2 - Mutations:
Three mutations were obtained from our early work

(in 1970) which are:
a. The early mutant (E) obtained from (V1) at a dose 7.5
krad.
b. The white flowered mutant (W).
c. The yellow seeded mutant (Y), both of these two
mutants obtained from (V2) at doses 5 and 25 krad re-
spectively.

These mutants were sown in the field for many suc-
cessive generations and undergone carefull screening,
and as a result of that four strains, were obtained. They
surpassed their controls in yield components, the first
strain (E-1) in which the weight of grains in 20 bolls in-
creased by 40%. second (Y - la) gave an increase
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by 30% in the weight of 1000 grains. The other two gave
a slight increase over controls.

3 - The chemical Mutagen • Sodium Azide:
In 1978, seeds of the two linseed cultivars, mentional

above were soaked in a solutions of sodium azide for,
either 4 or 5 hours. The seeds were sown in the field 24
hours after soaking and drying. Within M2 plants, 423
variants were found. As a result of continous screenings
which were carried out during the generations (M3 and
M4), only fifteen variants were selected in the fifth gen-
eration (1982). The screening will be continued to
obtain the best variants.

4 - Variants submitted to the Ministry of Agriculture in
1979 and 1982.
a. The following mutants and selections were submitted
in 1979:
1 - The two original cultivars i. e V1 and V2 (controls).
2 - The original mutants: early (E) and white flowered
(W) mutants.
3 - Two selections: V1 d3 and V2d,.

Seeds of these variants were sown in Abu - Ghraib
Experimental Station in order to be compared with their
best variety i.e. precideria. The data indicated that, the
yield values of the mutants and the selections surpas-
sed the yield valuse of precideria in most yield compo-
nents characters studied.
b. In1982, another mutant was submitted to the Minsis-
try of Agriculture. This mutant was of a big seeds and
slight brown (Wheat - like) colour.
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superphosphate contains 121 to 149g uranium per tonne
121. Field studies on the effect of uranium in phosphatic fer-
tilizers on plant growth and nutrient content are not done in
Iraq. Therefore a greenhouse experiment was conducted
to investigate the effect superphosphate (TSP) and its rate
on growth and nutrient content of corn plants.

The purified and regular TSP were produced by acidi-
fication the Morocco phosphate rock with purified phos-
phoric acid (contains 10 ppm U3 0a), and regular phosphoric
acid which contains 190 ppm U3O8. A calcareous non-
saline loamy soil was selected as a growing medium. Four
rates from each source of TSP (50,100,150 and 200 ppm
p) were used.

Various corn parameters were measured sixty days after
seedling emergence. Plants were measured sixty days af-
ter seedling emergence, after which, Plants were har-
vested, dried and analyzed for nitrogen, phosphorus and
iron.

There were no significant differences between purified
and regular TSP in germination percentage, plant height,
dry matter, concentration of N, P and Fe, uptake of N, P and
Fe, and ratios of uptaken N:P and uptaken P:Fe at probabil-
ity level of 0.01.

With the increasing rate of both TSP sources, thers was
a significant increasing in stem diameter and a significant
decreasing in Fe concentration of plant tissues. However,
the plant height, dry matter and chemical constituents did
not respond significantly to the dry matter, and chemical
constituents did not respond significantly to the increasing
rates of f> application.
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EFFECT OF PURIFIED AND REGULAR
TRIPLE SUPERPHOSPHATE AND
P RATES ON THE GROWTH AND
THE CHEMICAL COMPOSITION OF CORN

Uranium was once thought to be very scarce, yet now it is
considered to be more plentiful than other elements includ-
ing mercury, antimony, silver and cadmium [1]. Uranium
occurs in numerous minerals, world's oceans, rock phos-
phate and phosphatic fertilizer [2,3). Superphosphates are
generally manufactured from phosphate rock. The triple
superphosphate is produced by treating phosphate rock
with phosphoric acid contains different amounts of uranium
which depend on its amount in the raw material used. Triple
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STUDIES ON SOME MUTANTS AND STRAINS
OBTAINED FROM A LOCAL CULTIVAR OF SESAME.

Sesame (Sesamum indicum L.) is avery well known oil
crop in tropical and subtropical regions. Recently, much
attension has been given to the improvement of thos crop
using mutagenic agents |1-3|.

This experiment was conducted in 1969. Air dried seeds
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of a local cultivar of (Sesamum indicum L.) were exposed
to 17 doses of gamma radiation ranging from 0-45 krad.
The irradiated and unirradiated seeds were sown in the
field in a triplicated for each treatment and randomized
complete block design was applied.
Careful observations on M1 and subsequent generations

plants revealed that the seeds were not pure (mixture and
contaminated) moreover, the M1 plants were severly
attacked by many wilting pathogens which gave us a good
chance to select for disease resistance. According to the
above mentioned fact observations, the screening (selec-
tion, isolation and discarding) of plants in subsequent gen-
erations was very hard and complicated. The available
variants in 1982 were 20 strains and substrains which were
investigated for the following characters:

1 - Wilt diseases
a.Some strains resist the wilt diseases while others
were infected slightly (3-12%). This result was in con-
trary to that of the previous two seasons,
b. The degree of infection in the strains having single
pod per leaf axile was more than that of the strains of
multi-pods per leaf axile.

2 - Number of pods per leaf axile:
Plants with amulti capsules (4-6) per leaf axile were

found. Seeds of these plants will be sown in next sea-
son for further screening.

3 - A single stemed plants (unbranched) from different
strains were obtained:

The highest number of these plants was in the strains
of single pod per leaf axile.

4 - Five mutants were submitted in 1981 to the specialists
in the Ministry of Agriculture along with their control for
evaluation. No results have been received so far.
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THE EFFECTS OF IRRADIATED POLLEN GRAINS OF
DATE PALM ON THE FRUIT CHARACTERS

Pollen grains of a local cultivar of date palm (cv. Ghan-
nami Akhdar) were irradiated with the following doses of
gamma-rays 0, 10, 30 krad [1,2]. The inflourescences of
female date palm (cv. Zahdi) were pollinated with irradi-
ated pollens. Fruits were collected at the harvesting time,
counted and weighted and the following results were
obtained.
1 - The percentage of immature and semi mature fruits was

found to be higher in ail treatments in comparison to the
control. The immature fruits were significantly in-
-jreassd as tlv- dose increased. However, there was no
significant differed :es in the percentage of semi-mature
fruits between 10, 20 and 30 kracl.

2 - The weight- of khalal and Rutau F-ruas in the above
mentioned-. datrnerits were higher than the control, but
the weight ci Tamiire fruits was decreased as the dc5fc
increased.

3 - The mean weight, of a single fruit of khalal increased in
10, 20 and 30 krad and there was almost two folds in-
crease in the mean weight of khalal fruites. However, a
slight increament in the mean weight of Rutab and
Tamur fruits was obtained only.
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INDUCED MUTATIONS IN A LOCAL
(Triticum aestivum L.)
VARIETY (AJEEBA) BY PHYSICAL AND CHEMICAL
MUTAGENS.

Induced mutation by physical and chemical mutagens
have been successfully used for the improvement of va-
rious characters in wheat [1 -3].

We aim by this study to improve some characters in one
of the important Iraqi local varieties of wheat (Ajeeba) using
some physical and chemical mutagens.

Groups of seeds of a local bread wheat (Triticum easti-
vum L. Em. Thell.) variety (Ajeeba) were irradiated with
the following doses: 0,5,10,15,20 and 25 krads using gam-
ma source ^Co. other groups were treated with 0,0.5%,
1%, 1.5% and 0,0.1%, 0.2%, 0.2% 0.5°/aqueous Ethyl
Methane Sulphonate (EMS) for 4 and 18 hours respective-
ly. One group of seeds was treated for 4 and 5 hours with
(10'3M) of NaN3. All groups of irradiated and chemical tre-
ated seeds were sown in the Agricultural Experiments Sta-
tion of Nuclear Research Center (NRC) until the maturity.
Seeds of M2 were obtained and sown in the next season to
obtain M2 plants. 68,101 and 91 variants were disting-
uished plants of irradiated, EMS, and NaN3 treated seeds
respectively. The seeds of the main spikes of the variants
were sown separately to obtain M3 plants. 29, 41 and 28
variants from 68, 101 and 91 variants respectively were
selected as a result of screening for: earliness, large spike,
stiff, dwarf stems and other agronomic characters. Seeds
of the rest variants were collected for future breeding prog-
ramme.
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TRANSPORT BEHAVIOUR OF 131I IN UNDISTURBED
SOIL COLUMNS

The deposition of radionuclideson soil surface can result
in several chemical, biochemical, and physical processes.
These processes include adsorption, precipitation, com-
plex compound formation, and downward movement of
radionuclides. Infiltration and transport of radioactive sub-
stances by water may cause contamination of the ground
water and possibly drinking water [1]. Radionuclides, re-
mained in the top soil, may be uptaken by plant depending
on many factors including concentration and chemical
characteristics of the nuclide, soil colloids content, organic
matter and many other factors [2]. Radioiodine is often a
critical nuclide in nuclear accident. Its present in the en-
vironment originates from man-made and natural sources.
Understanding the transport bahaviour of radioiodine in
soil in relation to the concentration present or amount of
water passing through soil profile is of great interest for the
evaluation of possibly hazard that may occur to man. The
main objectives of the present investigation were, (1) to find
the vertical distribution of 131I in undisturbed columns of Ira-
qi calcareous soil, and (2) to verify the relation between the
level of surface-applied 131I and rate of irrigation water.

The study was conducted on natural undisturbed soil col-
umns 120cm long and 12cm inside diameter. Irrigation wa-
ter was applied at 1.4 and 2.2 cm/day and supplied auto-
matically by simulated rain systems. 131I carrier-free solu-
tion was applied to the soil surface in three levels of activity.
These levels were 200,400 and 800 nCi/colum. Activity
scanning of gamma rays along the soil culumns was made
periodically after the application of iodine solution using
gamma spectrometry.

At time zero (immediately after the infiltration of iodine
solution), most of the 131I applied remained in the upper
10cm although an apperciable amount penetrated to 40cm
depth. There was a sharp decrease of activity with depth in
the upper 5cm then a slow decrease below. The 10-and 20-
day distribution curves differed slightly from the one - day
distribution curve except at the soil surface where the activ-
ity decreased by almost 50 to 60%. The peak of maximum
activity continued to remain at the soil surface even though
the^olumns were subject to 44cm of irrigation water in 20

days. The above behaviour could reflect two processed
namely: (I) the effectiveness of irrigation water in displacing
1311 only in the early stage of leaching when there was no
enough time for chemical of biochemical reaction to be
taken place and (II) the high retention capacity of the top
soil for Iodine.

The distribution of 131I in soil profiles was markedly
altered with the increase of level of activity applied and flow
rate. Doubling the level of activity applied caused the in-
crease of remained activity by 2 to 3 folds in most depths
and under the two flow rates. At the same time the faster
flow rate resulted in low magnitude of maximum activity at
the soil surface and consequently a greater spreading of
iodine in the deeper layers.

The experimental finding presented above introduced
the importance of immediate leaching in decontamination
of iodine from soil. The high retention of soil for iodine could
be attributed to organic matter, clay content, and microbial
activity.
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THE USE OF 32P IN STUDIES ON THE PHOSPHORUS
UPTAKEN BY BARLEY UNDER DIFFERENT SOIL
TEXTURAL CLASSES.

The using of radioactive phosphorus 32P has been
helped to acquire valuable informations of the evaluation
and utilization of phosphatic fertilizers. It may be used for
measuring soil p supply [1,2]. The beneficial effects of p
rates and soil textures on p utilization were studied by
several workers [3,4], However, no work was done to study
the effects of soil textures in relation to different stages of
plant growth in Iraqi soils. Therefore, an experiment was
conducted to determine the effect of p rates and soil textu-
ral classes on growth of barley and p uptake from fertilized
and test soil.

32P-labelled KH2po4 was used as a phosphorus source..
32P-labelled solutions of 50 and 100 ppm p with activity of
60 and 120 u.ci were applied to plastic non-leachable pots
containing seeds of barley. The pots were watered three
times a week based on soil field capacity. Plants were
grown in a growth room under 14-hours photoperiod at
24500 lux and approximately 26/22°C day/night condi-
tions.

The plants harvested at 28,56 and 84 days and the fol-
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lowing measurments were obtained. Plant height, stem di-
ameter, dry weight, total plant p, soil extractable p, p up-
taken from soil and fertilizer, and ratios of fertilizer p to total
p and fertilizer p to soilp.

The results revealed significant differences between soil
textures and growth stages in all parameters tested at. 0.05
probability level. However, there were no significant differ-
ences among p rates in plant height, dry weight, total p, and
ratio of fertilizer p to total p in each of the soil texture classe
used.
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Cropping to barley showed that Qm and adsorption
isotherm in sandy loam soil were similar to that in the soil
before cropping. However, Qm in cropped silty clay soil was
lower than that in the soil before cropping. This indicated
that some of the phosphorus was adsorbed tightly on some
adsorption sites in silty clay soil or it might be occluded by
clay minerals.

Studied also showed that 32P exchangeable phosphorus
is a good index for plant available phosphorus if the limita-
tion of the measurement taken in consideration.
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PHOSPHORUS ADORPTION ISOTHERM IN SOIL

THE APPLICABILITY OF DUAL GAMMA SCANNING IN
MEASURING WATER CONTENT AND BULK DENSITY
IN ALLUVIAL SOIL.

Adsorption is very important phenomenon in the chemis-
try of soil phosphorus and one mechanism which deter-
mines the phosphate concentration in soil solution. The re-
lation between the amount of phosphate adsorbed by a soil
from a phosphate solution and the concentration of the
phosphate left in the solution is known as the adsorption
isotherm [1 ]. The determination of adsorption isotherm is
one of the most useful procedure in the stude of the interac-
tion of added phosphate with differnt soils. The slope of the
adsorption isotherm (change in the concentration in soil
solution to the change in the labile phosphate in soil) is
much more permanent soil characteristic than either the
existing phosphate content or the amount sorbed from a
given solution[2].

The present experiment was conducted to study the
effect of initial phosphate concentration and cropping on
phosphate - soil interaction in silty clay and sandy loam
soils. Phosphate adsorption isotherm was constructed on
soil samples before cropping, on samples cropped for bar-
ley and fertilized with 50 and 100 ppm p, and on samples in-
cubated at field capacity with 50 and 100 ppm p. 32p-
exchangeable, NaHCO3 extractable, and phosphorous
plant-uptake were also measured.

Maximum adsorption (QJin silty clay was three times of
that in sandy 10am soil. Incubation with 50 ppm p reduced
the Qw by 40% in sandy loam and by 38% in silty clay soil.
32p-exchangeable indicated that some of the p applied
changed into non isotopically exchangeable form after 24
hours. Extractable phosphorus by NaHCO3 was twice at
100 ppm as that at 50 ppm p application.

Soil water determination with gamma ray attenuation are
widely used in laboratory experiments. Single gamma
scanning using either 137Cs or 241Am has been described
by 11 ]. The technique of dual gamma scanning has been
used by [2] and (3]. Building of single and/or dual gamma
scanner provide facilities in measuring water content of
swelling and non swelling soil columns for experimental
and theoretical description of water and radionuclides
movement.

A 400 mCi of 137Cs point source and 500 mCi of 241Am
line source were used as sources for gamma rays. A dual
gamma bearo, 0.2cm by 3cm in cross section was devised
by lead shielding and collimation of the two sources. A Nal
(Tl) detector (7.65 X 7.65cm) was placed on the opposite
side of the soil column, and shielded and collimated to re-
cieve the single beam from 137Cs or the combined beam
from both sources. Two single channel analyzers were ad-
justed to detect the gamma rays from 241Am and 137Cs with
an energy peak of 60 and 660 kev respectively. The count
intensity from both energy peaks could be visually display-
ed on separate sealers or outomatically printed by a tele-
typewriter. Two gamma attenuation equations are solved
simultaneously for water content and bulk density deter-
mination of a thin layer of soil.

The shields and the col limators together with the sources
and the detector were mounted on a moveable platfrom.
The platfrom is moved up and down by a scan motor and
the soil colum stands on a turning table which can be ro-
tated during measurement. The above design offers the
scanning of soil column in y-r direction for water content
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and bulk den-sity measurement.
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DISINFESTATION OF COMMERCIALLY PACKED
DATES. ZAHDI VARIETY, BY IONIZING RADIATION

Disinfesttation of packed dry dates, Zahdi variety, in
standard carton boxes was accomplished by using gamma
radiation or methyl bromide fumigation. The dose distribu-
tion of radiation from Gammabeam - 650 facility with a
60Co source was calculated and the best feasible uniformi-
ty ratio (= 1.4) was followed where the average absorbed
dose of 15 points was 75.65+ 8.03 krad.

The results of examination indicated that a complete dis-
infestation was achived in both methyl bromide - or radia-
tion - treated boxes when stored for 25d. The live insects
found in the irradiated dates were genetically sterile and
developmental^ inactive. While on longer periods of stor-
age (55 or 80 d), live, active and fertile insects have been
found in the treated as well as untreated (control) boxes in-
dicating reinfestation cases.

On the basis of the present results, the parameters of
measuring the induction of full sterility and incapability of
immature stages to develop, could easily be utilized as
identification methods for scientifically sound quarantine
measures as far as radiation disinfestation of foodstuffs is
concerned. Also, insect proof packages, which are poss-
ibly impermeable to chemical fumigation, should be tried in
future disinfestation of dates by using gamma radiation.

WHOLESOMENES STUDIES WITH A FULL DIET OF
IRRADIATED DATES IN THE INSECT Ephestia cautella

In Iraq, large quantity of date fruits are usually infested
and damaged by several stored - product insects durring
storage and exportation in spite of fumigation with methyl
bromide. Accordingly, a research program has been set
out in 1967 to investigate the possibility of using low doses
of gamma radiation as a clean technique for disinfestation
purposes of dates.

The present study was planned to investigate the safety
of date fruits disinfested with different doses of gamma

radiation by feeding them to (unirradiated) Ephestia
cautella as a laboratory animal.

The results could be summarized as follows.
1 - Insects could be very usefull in wholesomeness studies

of irradiation food due to their short life - cycle, high re-
productivity and relatively low cost of rearing.

2 - Irradiation of dry date fruits with very high doses of gam-
ma radiation (625 - 5000 krad) caused gradual in-
crease in the softeness of these fruits. These results
might be of industrial importance in the production of
dibis (date syrup).

3 - It is evident that dates irradiated with high doses of 625
or 1250 krad of gamma radiation, which are 10 - 20
times higher than the doses needed and recommended
for insect disinfestation did not apparently cause delete-
rious effects on several biological parameters of E.
cautella.

4 - Feeding the fig moth E. cautella on a complete diet of
date fruits irradiated with the recommended range of
doses for disinfestation purposes (50 -100 krad of
gamma radiation) did not induced harmfull effects on
the development, survival, fecundity and fertility of this
insect.

5 - The experimental results clearly showed that long term
rearing of E. cautella for 5 successive generations on a
100% diet of dates irradiated - with 100 or 200 krad of
gamma radiation has no significan accumulative effect
on the studied developmental and genetical para-
meters of this insect.

6 - We believe that the above mentioned results are of im-
portance because they contribute to the safety evalua-
tion program of irradiated dates.

CAROB MOTH Ectomyelois ceratoniae zell. INFEST-
ING POMEGRANATE FRUITS IN IRAQ.

Carob moth Ectomyelois ceratoniae zell., is one of the
fruit-feeding pests attaking different species of agricultural
crops [1,2].

In Iraq, the insect has been the key pest on pomegranate
Punica granatum causing significant losses for many
years.

Pomegranate fruits were collected periodically from the
North and South-Central orchards during 1981 and 1982
seasions. The samples were examined in the laboratory
where they were dissected.

The infestation percent in ten Governorates revealed
that the insect spread over a wide range of orchards (Table
I).
i he insect population was found to be flactuated at a level
that was near econonmic level of fruit damage throughout
the North and South-Central areas.
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Table I. Infestation percent of pomegranate fruits by Ectomyelois ceratoniate in different Governorates in Iraq.

Governorate

Kerbala, Najaf,
Wasit
Thi-qar
Diala+Sulaimaniya
Erbil, Dohuk,
and Niniva

Number of
orchards

7
3
3
3

6

infestation percent

May 31

34.5
22.7
20.7
Flowers

Flowers

July 13

54.1
45.5
38.9
22.7

36.0

Aug. 13

73.7
68.3
57.2
42.2

48.1

Sept.27

93.3
91.1
No fruits
61.7

60.3
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DIFFERENTIAL INHERITED STERILITY INDUCED BY
GAMMA RADIATION IN THE ADULT MALES OF Ephes-
tia cautella

Treatments and crosses made approximately according
to Ref. [1 ]. P males of Ephestia cautella received a single

dose of 0. 20 KGy of gamma radiation were outcrossed
with norma) females. The results revealed a high level of
sterility in F, males and females of strain "D" [2], 10. 0%
egg hatch, where as the level of sterility was higher in strain
"B" [2], 0.02% hatch. This indicates that strain "B" is more
radio-susceptible than strain "D". Treatment with such a
dose of gamma radiation resulted in higher number of
males in both strains, aphenomenon which has been
already noticed in E. Cautelia population as a whole [3).

Further experiments should be conducted using appropri-
ate doses in order to accumulate more data concerning the
radiosensitivity of different laboratory as will field strains as
an indispensable step toward adopting genetic methods of
insect control.

was conducted in 1981-1982 using a local cultivar Black-
Barley and ahybrid of Black-Barlely x Arivat. Groups of
2400 seeds from each cultivar were treated separately
with: 0,15, 20 and 25 krad of gamma-rays. Other groups
were irradiated with 0,15,20 and 25 krad and each irradi-
ated group was soaked with 0. 3% EMS for 4hrs. The ex-
periment was conducted under field conditions using Com-
plet Randomized Block Design with three replications.
Table! shows the following results:

1- Seeds germination of black barly was drastically re-
duced in all treatments except 15 krad. Hybrid seed ger-
mination was apprecially reduced in all treatments.

2- Both physical and chemical mutagens caused consider-
able delay of the 3rd leaf stage, 3rd and 4th tillering
stages of growth and development of plants.

3- Plants heights were not significantly decreased in most
treatments in both cultivars.

4- Weights of 1000 seeds were significantly increased in all
treatments in both cultivars.

These results lead to the conclusion that both physical
and chemical mutagens affect the growth and develop-
ment of both cultivars tested. Therefore seeds of (Ml) might
represent good inital materials used in breeding program.

EFFECTS OF GAMMA AND ETHYLMETHAN SULFON-
ATE ON (MI)PLANTS OF TWO BARLEY CULTIVARS
(Hordium vulgare L.)

Barley is an important crop in Iraq. The cultivation area is
about 4 million donum (donum-2500Ma) [1,2]. This study
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Table I. Effects of Gamma Rays and EMS on Phenological Stages of M, Plants of Local Black Barley and its Hybrid

with Arivat.

Treatments

Control
15krad
20 krad
25 krad
15krad+0.3EMS
20krad+0.3EMS
25krad+0.3EMS
0.3 EMS

L.S.D.at5
1

* Significant

Seed germination"

mean

Black

550.66
489.00
399.33
309.00
410.33
341.00
385.33
405.67
130.5
181.12

a* Highly Significant

Hyb

536.0
485.0
511.33
415.0
485.66
484.0
411.66
613.33

3-rd leaf

Phenological Stages

Seeding

mean

Black

469.66
346.00
259.00
230.00
152.75
233.00
223.60
299.00"
122.17
169.56

a seed germination is out of 800 seeds.

Hyb

316.66
281.0
282.66
156.0
265.0
222.33
93.00
359.66"'
133.56
185.37

3-rd Tiller

mean

Black

150.33
94.00*
55.66
62.32
27.32
33.33
28.33"
89.66
41.31
57.33

Hyb

147.0
61.33
66.67
43.33
36.33
25.0
30.0
103.67
48.54
67.36

4-th Tiller

mean

Black

60.67
5.00
0.0
0.0
0.0
0.0
0.0
2.33
12.78
17.74

Hyb

41.7
0.0
0.67'
0.0
0.0
0.0
0.0
1.33"
17.05
23.66

Plant neight

mean

Black

90.91
86.85
76.96
92.64
£• ; S 7
1 \95
86.43
90.46
8.94
12.41

Hyb

86.94
82.37
89.01
89.45
86.30
85.71
85.71
89.67

Weight of
1000 seeds

mean

Black

31.03
37.26
39.66
37.16
40.66
39.03
40.46
39.26
1.60
2.23

Hyb

28.03
29.43
31.4
30.66
30.5
30.0
31.6 '
29.10
1.03
1.42

EVALUATION STUDIES ON ELEVEN BARLEY IN-
DUCED MUTANTS FOR POWDERY MILDEW

Powdery mildew of Barley Hordeum vulgare L. incited

by Erysiphe graminis DC f. sp. Ex Merat. bordei (EM.

Marchal), is one of the most important diseases of barley

on a world - wide basis [1 ]. The development and use of re-
sistant cultivars are considered the most effective and eco-
nomically feasible mean in controlling the disease. There

were comprehensive studies in using physical and chemic-
al mutagens to induce resistant mutants against powdery
mildew. Hansel and zakowsky [2] in Austria, obtained 72

plants that were more resistant to powdery mildew than un-
treated plants from 15,000 barley seeds subjected to x-
rays. Wiberg [1] found six defferent mildew resistant

mutants, two from ionizing radiation namely SRI (x-rays)
and SR7 (gamma rays) while others were induced by che-
mical compounds. The eleven mutants and their parents

used in the study were recieved from Dr. Al-khalisi as M4
and M5 of Arivat and Numar mutants respectively.

Seeds of each mutant were seeded in 20x20x40 cm
plastic pot containing sandy loam soil. The pots were

placed under greenhouse conditions. Seedlings at 2nd and
3rd leaf stage were inoculated by gentle shaking of heavily
infectad plants over the seedlings, so that conidispores

were evenly distributad on the leaves. Disease incidense
was recorded at maturity stage. In the field, the disease in-
cidense was recorded under natural conditions at
Tuwaitha- Baghdad experimental station. Disease intensi-
ty on each mutant was also counted.

Using Mackinney and Ibrahim and Mitov methods [3,4|.
The first week of February (Fed. 2nd, 1981) on cultivated
mutants. It wes powdery growth on the old leaves and
sheaths. Heavily infected leaves were observed in the

greenhouse experiment. All barley mutants induced from
Numar cultivar, which is the most suscepible cultivar to
powder mildew, were shown a field resistant or adult resis-
tant except SA/12. The index of disease was increased

from 36. 17 on Numar to 46. 46% on SA/12 (Table I). All
mutants derivatived from Arivat were almost shown good
resistance to mildew infections. The indexces disease

were 7. 22, 9. 49 and 9. 97% for D/34, D/32 and C/63 re-
spectively . Both SA/12 and VB,6 which were induced from
Numar were found to be susceptible with 46. 46 and
34.28% respectively. Early mature mutants (A2-28/ TTA)
were exhibited highly resistant under field conditions than
under green house conditions.
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Table 1. Disease index of powdery mildew on eleven barley mutants induced from Numar and Arivat cul tivars.

Mutant

SA/12

VB/6
OA/15

NA/20
A2/28/A

Numar
D/34
D/32
C/63
D/24
D/21
D/30
Arivat

origin

Numar

Numar
Numar

Numar
Arivat

-
Arivat
Arivat
Arivat
Arivat
Arivat
Arivat

Generation
Number

M6

M6
M6

M6
M5

-
M5
M5
M5
M5
M5
M5

Treatments

20Krad.
gamma-rays
NaN
20Krad.
gamma-rays
gamma-rays
15Krad.
gamma-rays
Control
NaN3°
NaN3

NaN3

NaN3

NaN3

NaN3

Control

Index of Disease Parent
Greenhouse Field

68.29

41.50
30.18

38.12
58.88

44.85
22.40
23.21
15.43
28.23
31.93
17.09
13.02

ft The seeds were soaked in a 10 M sodium azide in 0.1M phosphate buffer at a pH 3.0.

46.46

34.28
26.14

16.71
15.47

36.17
7.22
9.42
9.97
11.50
12.98
14.34
13.25

NDUCED MUTATION TO COMMON BUNT OF WHEAT
3Y GAMMA RAYS AND/ OR ETHYL METHAN SULFON-

Saber-Beg is proved to be the most desirable wheat
culiver in Iraq, but it is highly susceptible to bunt disease
[1]. This investigation was carried out during 1981-1982.
Seeds of 782 pure lines (M4) were inoculated artificially
with teliosproes of Tilletia sp. and planted in Telafar Ex-
perimental Station using Rodenhiser and Holton method
[2]-

From another initial malerid of (M4) generation 55I plants
were selected at Talafar and transfered to Tuwaitha ex-
perimental station.

Seeds of (Ml) generation from 5 hybrids of Saber-Beg
(250g. each) were also inoculated and planted in Telafar
station. At the maturity stage, infected and healthy spikes
were counted.

The results in Table I show that
1- Generally, the resistance in Tuwaitha was higher than in

Telafar with the exception of the 10 krad treatment.

2- The resistance was quit low in (M5) generation in com-
parison to the previous generations.

Table II shows resistant plant in (M2) of 5 hybrids of Saber-
Beg:

1 . Maximum number of resistant plants was obtained from
Saber-Beg x pitlc x cb-yalta and the minimum from Tur-
ky x Saber-Beg.

2. Most of the hybrids from (Ml) generation did not survive
the radiation dose of 15 krad and also 10 krad from Tur-
leyx Saber-Beg.

In conclusion gamma rays and EMS were able to induce
resistance in local cultivar Saber-Beg and its hybrids
against common bunt disease of wheat.

34
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Table I. Resistance of Pure lines and selected plants of saber-Beg in M5 to Tiltetia sp.

Number of Resistant Plants

Treatments Tuwaitha Telafar

R R

Control
7krad
10krad
13krad
16krad
7 krad +••
1%EMS
1%EMS
1.5% EMS

0
1
0
1
0
1

1
0

0
21
10
3
13
10

9
2

20
87
30
81
123
83

40
35

0
0
2
0
-
0

0
0

0
40
21
1
-
2

18
4

52
209
228
75
-
16

94
27

R = Resistant (0-10 percent infection).
I = intermediate (11 -40 percent infection).
S = Susceptible (41-100 percent infection).

Table II.

Treatments

Control
5 krad
10 krad
15 krad
5 krad +

0.5% EMS
10 krad +
0.5% EMS
15 krad +
0.5% EMS
0.5% EMs

Number of resistant M2 plants of Saber-Beg Hybrids to Tilietia sp.

Number of Resistant Plants

Sab. X pitlic
x cb-yalts

11
63
66

63

72

90

69

Sab.X
Kacheemi

18
58
90

55

37

—

45

Sab.X
Turkey

27
52
79
24
52

32

33

41

Turkey X
Sab

0
11

32

m

12

Sab.X
Nori

27
31
9
21
40

+

34

27

19

35



SPERMATOGENENSIS IN ACRIDIAE
I.CELL NUMBERS IN SPERMATOGONIAL AND PRIM-
ARY SPERMATOCYTE CYST.

Spermatogenesis is the progressive differentiation of
cells in the male germ line with the ultimate production of
spermatozoa. In addition to the involvement of the two
meiotic (spermatocyte) divisions it is now clear that the
mitotic (spermatogonial) divisions which proceed meiosis
is also involved a progressive differentiation and are not
simple an extention of somatic mitosis [1]. Recognition of
different spermatogonial stages in mammals is usually
made by classifying the appearance of the nuclear chroma-
tin [2], but in insects, where such differentiation may also
occur e. g. in heteropyknosis of sex chromosome [3,4] it
can be made more simply by counting the cells number in
individual cyst as demonstrated in FIG. I. The number of
cells per spermatogonial cyst for the two species which fall
at or below the terms or the geometric series 2 " where
n=1-6 for Heteracris littoralis and Mioscirtus wagneri.

The number of cells per spermatocyte cyst for the two spe-
cies is also demonstrated in FIG. 2. Close investigation of
the actual cell numbers opserved in individual spermatogo-
nial and spermatocyte cyst (FIG. 1 and 2) show some varia-
tions from those theoretically expected. Some variations
must be due to technical loss or observer error, however,
these factors do not seen to be complete explanation.
Occasional spermatocyte cyst are seen (FIG. 2) which con-
tain only half the expected number of encysted cell num-
ber. This could be due to occasional variation in the number
of encysted spermaogonial divisions. The observation of
about 12,24 cells/spermatogonial cyst and about 48 cells/
spermatocyte cyst have two possible explanations (a)
death of a single cell at the 4 cell stage followed by passing
through the programmed number of divisions of the re-
maining cells, and (b) coincidence of cysts having com-
pleted n and n+l divisions so that they are counted
together. The earlier explanation which could also explain
the halved spermatocyte numbers, seems to us to be more
likely on obserrational grounds. Programmed cell death is
also a common feature of spermatogenesis in many spe-
cies [1].
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FiG.1. Cell numbers in spermatogonial metaphase
cysts in: A. Mioscirtus wagneri B. Heteracris littoralis

FIG.2. Cell numbers in primary spermatocyte metaph-
ase cyst in A. Mioscirtus wagneri, B. Heteracris littor-
alis



RESPONSE OF MICROCOCCUS
RADIODURANS R,,5 TO COMBINATION OF GAMMA
RADIATION AND CHEMICAL SENSITIZERS

All forms of damages produced in irradiated bacterial
cells can be repaired if it is repairable. However, the repair
of all damages depends on a wide varieties of internal and
external factors. Many chemical compounds have been
used in recent years as dose modifying agents. N -oxygen-
ated compounds have been one of the selected com-
pounds because they display toxic properties, other, such
as hydroxamic acids have been shown to be as growth fac-
tors for microbial species (J. E. Armstrong et al., J. Gen.
microbiol. 111:253,1979). We have investigated the effect
of two hydroxamic acids (N-methyl trimethylacetohydrox-
amic acid TMHA and cyclopentano hydroxamic acid
CPHA) on the growth and survival of M. radiodurans Ft,,5. In
this study we found that both hydroxamic acids only inhibit
the growth of this bacteria during post irradiation and has
little effect when bacterial cells are not irradiated (see
FIG.1).
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FIG.1. Growth of M. radiodurans RK
5 grown in TGY

medium contaiming TMHA and irradiated with 1 Mrad.

Comparative survival studies indicated that the two che-
micals are different in their action (see FIG.2), CPHA in-
creased cell survival while TMHA reduced survival of this
bacteria. DNA of cultures of irradiated bacteria (350 Krad)
was decreased at first, then continued to increase. In both
cases when these acids were present in the media post

irradiation, DNA degradation was not enhanced and the re-
lease of radioactivity from DNA was not prolonged. In con-
clusion that TMHA enhanced cell killing but did not en-
hance DNA degradation post irradiation, also both com-
pounds did not affect DNA synthesis in this bacteria.

-3
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• c
O irr+CPHAI15O0ug/mll2hr.
• irr+ TMHA [1000U9/ml I 2HT.

500 750 1OOO

D O S IKr dl

FIG.2. Survival of M. radiodurans RM
5 irradiated with

gamma irradiation and incubated in TGY medium con-
taining hydroxamic acids.

STUDIES ON PROTEIN AND RNA SYNTHESY" IN
THREE ISOLATES OF NEUROSPORA.

The fungus neurospora has been considered one of ihe
best microorganism for biochemical and genetical studies.
It was taken as a research tool by cytologist, geneticist and
biochemist to study the important fundamental biological
processes.

It has been demonstrated that Quantitative and Qualita-
tive differences in proteins were mostly connected with
genetical differences. Various mutants of neurospora were



characterized using enzymes variations, RNA and protein
finger print as a criterian 11 -31. Neurospora population were
sampled from different locations in Iraq to examine the type
of populations and the variability between them. The col-
lected isolates which were previously named as Iraq 1,2,3,
were examined in our laboratory for genetic and bioche-
mical variants.

The results revealed that Neurospora Isolate Iraq (12)
has higher rate of protein and RNA synthesis in vivo,
however, this difference was smaliei among the three iso-
lates in case of RNA synthesis the difference in rate of
synthesis seems to be connected with the difference in the
background. Iraq 1 and Iraq 3 are of the same species
namely Neurospora sitophial with different mating types,
however Iraq 2 is another species and it was isolated from
different localities. To further investigate the genetic poly-
morphisms manifested as protein differences, PAGE of
crude protein was performed and the results are shown in
FIG. 1. The finger prints of the three isolates indicate major
differences between Iraq 2, Iraq 1 and Iraq 3.

We have also attempted to examine the presence of two
enzymes namely estrerase and alkaline phosphatase. The
results indicate in the case of alkaline phosphatase 12 has
three isoenzymes while li and 13 have two, one major and
one minor. Esterase enzyme also showed some differ-
ences. Amino acid composition was determined and seve-
teen amino acids were present in the three isolates and
their concentrations varied with the different isolates stu-
died.

Origin

FIG.1. Differences between Iraq 1, Iraq 2, and Iraq 3.

CHEMICAL STUDIES ON THE INFLUENCE OF A COM-
BINED PROCESS OF HEAT AND IRRADIATION ON
CARBOHYDRATES, PROTEINS AND AMINO ACIDS
OF DATES
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In view of the importance of chemical data as sup-
plementary information for assessing the radiation disin-
festation of dates and the wholesomeness of irradiated
dates, a series of studies were carried out in this laboratory
during the past ten years. The purpose of these investiga-
tions was mainly to establish data on the magnitude of che-
mical changes in dates by irradiation.

Dates contain a large Quantity of carbohydrates, pro-
teins are also present and their amounts vary with the de-
gree of maturity of the fruit: Several analyses of Extracts of
irradiated and unirradiated dates revealed no changes in
the proteins and amino acids. Similarly no changes could
be detected in the major components of sugars such as
fructose, glucose and sucrose as a result of irradiation.

Chemical studies were conducted on the combined
effects of heat and radiation on dates. The major sugars of
dates were identified using gas chrcmatography. Total re-
ducing carbohydrates were determined colorometrically. In



general the stability of carbohydrates was observed
throughout the experimental conditions where 40°C and
0.5 to 1 kGy were applied. Five sugars were detected by
gas chromatography in both the control and the treated
samples. The major three were identified to be fructose ,
glucose and sucrose with retention times of 2.3,3.3 and 5.
5 min, respectively. The influence of the combination treat-
ments on protein and amino acids was also studied. The re-
sults show that proteins in dates are stable even at a I-
KGy dose and at 40°C. However, individual amino acids
varied in ther sensitivity to heat and this variation depended
entirely on the individual amino acids (Tables I and II).

Table I. Protein content of dates (%) fresh weight

Dose
(kGy

25°C 40°C

0
0.5
1.0

2.2
2.5
2.5

2.5
2.3
2.4

Table II. Amino acid content (mgliog fresh weight) of dates.

Control 0.5 kGy 1kGy
Ammo
acid

Lys.
His
Arq.
Asp.
Thr.
Ser.
Glu.
Pro.
Gly.
Ala.
Cys.
Val.
Met.
Hu.
Leu.
Tyr.
Phe.
Total

25°C

9.066
0.493
4.377
15.780
5.780
6.623
33.042
10.417
13.731
15.833
—
7.080
1.243
3.982
8.399
3.349
5.406
144.607

40°C

5.497
0.453
3.687
21.126
4.563
5.592
18.283
8.951
9.652
10.465
—
0.684
9.718
3.775
12.728
4.734
4.405
124.318

25°C

8.607
0.493
3.832
22.744
6.032
6.508
32.23
9.063
10.705
15.055
6.179
6.397
1.193
3.080
11.608
3.559
4.619
145.725

40°C

9.189
0.473
3.078
28.117
5.810
9.916
30.835
8.476
8.944
12.955
—
1.162
11.725
4.096
15.884
6.060
5.206
161.926

25°C

6.662
0.339
4.087
21.976
8.496
6.816
33.462
10.804
12.907
15.075
3.875
6.737
0.833
3.024
9.408
4.322
2.903
147.851

40°C

5.794
0.465
3.340
19.896
3.554
8.480
22.266
8.611
11.316
13.134
—

2.491
0.350
3.417
13.106
3.619
5.602
125.441



ECOLGICAL AND GENETICAL STUDIES ON MICE

Biochemical genetic is a good tool to study the natural
population from different regions under different stresses,
protein polymorphism in mice is a good source of new in-
herited variants to study the evolution and the relationship
between wild and laboratory mice [1,2]. Cytogenetic stu-
dies could also help to complete information on different
natural populations. However, variation in serum proteins
was observed in two wild population from Tuwaitha (T) and
Suwairah (S) regions compared with serum proteins from
BALB/ c inbred strain (FIG. I).

A mino acid analysis showed that three was variation in
the composition of serum proteins from different popula-
tions (Table I).

Estemation of chromosomes number showed that both
wild populations have 40 telocentric centromere chromo-
some, the same number of chromosomes was found in the
inbred strain.
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FIG.1. Polyacrylamide gel electrophoresis patteren of
blood serum of so..;e individual from two wild popula-
tions and inbred strain of mice.

Table I. A mino acid compositions of serum proteins from two wild populations and inbred strain of mice.

A mino Acid T
mg/g

S
mg/g

B
mg/g

Lysine
Histidine
Arginine
Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Half Cystine
Valine
Isoleucine
Leucine
Tyrosine
Phenyl alanine

9.953
6.124
1.604
1.254
1.420
0.906
7.089
4.534
0.510
2.301
6.026
0.586
1.016
7.845
2.314
1.530

6.127
0.866
1.990
4.860
3.931
2.596
7.966
3.918
1.252
4.222
9.580
0.622
1.685

10.003
2.026
1.743

5.747
3.824
1.681
0.409
0.462
0.245
1.550
3.199
0.796
3.436
7.104
0.482
0.588
6.319
1.715
1.790

Total 55.012 63.387 39.347
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Carotenoids are known to function as anti-oxidant and anti-
peroxide agents in vivo [1] or in vitro [2]. This property is
often associated with radioprotectors. The present know-
ledge on the role of carotenoids as radioprotectors is
however limited to a few investigations . In present study
the role of carotenoids as radioprotectors was investigated
using a non photosynthetic, Gram positive and
carotenoids forming bacterium, Sarcinaflava; where cells
of different carotenoids composition were obtained by in-
cubating the cells with different diphenylamine (DPA) con-
centrations and exposing the cells to different doses of
gamma- radiation under air bubbling, oxygen bubbling and
nitrogen bubbling conditions. Colony formation after irra-
diation was taken as a parameter for radiation protection.

The results suggest that carotenoids in S. f lava seem to
play no signifi-cant role in radiation protection in this organ-
ism when the irradiation was carried out under oxic bub-
bling and nitrogen bubbling conditions. Carotenoids,
however, seem to play a role in radiation protection of the
cells when irradiation was carried out under air bubbling
condition.
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MONOCLONAL ANTIBODY PRODUCTION FOR THYR-
OXINE (T4)BY HYBRIDOMA

Generation of hybridoma secreting antibodies specific
for thyroxine (T4) repuires a good immungen (s), specific
immunization requires good and easy sensitive secrening
test (s) to detect hybrid clones with a specific anti-T4-
activity [1].

In the present progressive report we prepared two effe-
cient immunogens namely T4-Succinylated bovine serum
albumin (T4-Succ-BSA) and T4-Keyhole limpet hemocy-
anin.

These immunogens were used to immunize mice via in-
traperitoneal and foot pad routes, in addition, priming with
carrier and subseguent foot pad immunization was also
done to induce helper cells.

The Immune response was positive to both immunogens
as detected by the following developed tests: Second anti-
body hemagglutination, hemolytic spot assay and comple-

ment mediated lysis. The latter proved to be the most
sensitive over the other two. The three tests were applied
successfully in the detection of antibodies to the hormone
Thyroxine in all immunized groups.
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CYTOGENETIC STUDIES ON HUMAN BLOOD LYM-
PHOCYTES AFTER THEIR EXPOSURE TO RADIA-
TIONS
I. TEST STANDARIZATION

Establishment of cytogenetic assays on human blood
lymphocytes in vitro has acheived in our laboratory. Stan-
darization of such assays was done by studing the effect of
cultural conditions such as medium type 5-bromo-
deoxyuridine (Brdurd), colchicine, phytoheamagglutinin
(PHA) types and concentrations and whole blood (VVB) ver-
sus leukocyte- rich plasma cultivation technigues on the
spontaneous levels of sister chromatid exchanges (SCE),
chromosome aberrations (CA), mitotic indeces (Ml), and
cell replication kinetics (CRK) of forty healthy blood donors.

Concentrations from (BrdUrd) (5,10, and 20 mcg/ml)
were tested in cultures of 12 individuals to find out the
minimal concentration reguired for differential staining of
sister chromatids of blood Lymphocytes which were grown
in the following media PRMI-1640, Dulbeccos-MEM, and
Hams F-10. BrdUrd dose-effect increase the SCE level and
inhibited the cellular progression without effecting those of
CA and Ml. The Ml of those cultures indicated that PRMI-
1640 medium was highly supportive for the growth of lym-
phocytes than the other two types of media used, however
there was no influence to the type of medium on the base-
line level of SCE, CA or CRK. PRMI-1640 medium contain-
ing 10 ncg/ml of BrdUrd, was used for next experiments.

Two highly active colchicine (Evans Medical Inc. Eng-
land, and Houde; France.) were tried for finding the optimal
concentration required for arresting of large number of lym-
phocytes at metaphase with no adverse effect. Hundred
mcg/ml was shown to be more likely the optimal concentra-
tion under our experimental conditions. The Ml parameter
only found to be effected by the type and dose of colchicine.
Whole-blood and leukocyte rich-plasma cultivatione. tech-
nigues were followed for culturing of periphral blood lym-
phocytes. Both technigues provide sensitive and repro-
ducible assays. However, mitotic index differences be-
tween the two technigues appeared while SCF, CA, and
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CRK freguencies were constant.
Lymphocyte -PHA stimulating activity was detemind us-

ing the above four parameters as indicators and two types
of PHA one was supplied by Fluka AG Switserland, and the
other by (Flow Lab. Scotland). At equal concentrations
(2mcg/ml) the Ml was significantly higher in lymphocytes
stimulated by Flow-Form. SCE, CA and CRK levels were
similar in either cells. Two percent of Fluka-PHA was
selected as an appropriate mitogen for such assays. Ml
and SCE were increased (dose-dependently) by Fluka
PHA.

This study suggested that SCE and CA are developed by
different mechanisms. SCE, however.is more sensitive to
the detectine to the detection of mutagen than CA assay.

The optimization of human lymphocyte cultures, is a
necessdry step in the genetic risk estimation of different en-
vironmental pollutants.

REFERENCES

111 LATT.S.. et al., Mutation Res. 87 (1981) 17.

GROWTH RATE COMPARISON ON 9 CM. PETRI-
DiSHES

Growth rate comparison between drug resistant strains
at different concentrations of benzalkonium chloride were
made on petri dishes (9 cm) containing Vogels medium
(VM). Conidial inoculations were made in the center of the
plates. Growth along fixed radii of the plates was measured
and plotted against time. Conidia, 4 - 4.5 cm. from the in-
coulum spot, were inoculated in the center of petri dishes
containing drug - free Vogels medium. The procedure was
repeated in cycels as follws : - VM + drug - free -»drug -
V M ^ VM + drug -»drug - free VM-^ VM + drug-> VM +
drug. The morphology of growing cultures was studied us-
ing a binocular microscope. Conidial germination was fol-
lowed by slow hyphal growth in which hyphae were more or
less unadapted to the drug. Eventually, fully adapted fast
growing mycelia are produced (FIG. 1 a). The final colony
usually has a very irregular outline quite unlike the unifrom
circular outline of colonies grown on drug - free medium
(FIG. 1 b). Using this simple method one can study stability
of resistant strains as well as the effect of drugs on the mor-
phology of Neurospora hyphae.

CHEMICAL COMPOSITION OF ROSELLE (Hibiscus_
sabdariffaL.)SEED.

Roselle (Hibiscus sabdariffa L.) is already a commer-
cial crop characterized by simple cultivation requirements
and high seed Yields. Although the seed of roselle is re-
ported to be edible [1], neverthelesses, the literature re-
vealed that, with exception of a few controversial reports on
the fatty acid composition, no data on the other seed com-
ponents were reported. The present project was conducted
to study the amino acids, fatty acids, minerals, ash, fiber,
and gossypol composition of the whole mature seeds of a
local cultivar of roselle. The seeds were found to contain
protein (25.2%) lipids (21.1%), fiber (16.30%), total car-
bohydrate (26.64%), ash (5.19%) and very low level of
gossypol (trace). Eighteen amino acids were detected and
quantitated for the first time. The results of fatty acid analy-
sis indicated that oleie acid was the most predominant.
Mineral analysis revealed that K, Na, Mg, and Ca were the
major elements present in resells seed.

This study showed that roselle seeds meet most of the
requirements of a rich protein, oil and mineral sources and
should be explored further.
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FIG.1. Four - days old cultures of Neurospora sitophila,
(a) on drug - free Vogels medium (b) on VM + 3ug / ml
benzalkonium chloride.

GENETICAL STUDIES ON NEUROSPORA NATURAL
POPULATIONS OF IRAQ

Information was desired on intrapopulation varibility and
frequency of occurrence of Neurospora species in the
same localities over a period of time. Periodical sampling
also assured that both mating types of Neurospora would
be represented and might give indication to seasonal and
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geographical variations if any. Isolates from different re-
gions in the north and centeral Iraq, were crossed to tester
strains obtained from Fungal Genetics Stock Center - Cali-
fornia U.S.A since crossing behavior and fertility with strain
of known taxonomic status are more reliable in identifiying
Neurospora species [1 ].

Neurospora crassa and Neurospora sitophila of mat-
ing types A and a were subjected to growth rate and cross
resistance studies to four surface active drugs (Dequalin-
ium Chloride, Benzalkonium chloride, Cetyl trimethyl
ammonium Bromide and cetylpiridinium chloride). These
parameters were considered as criteria to distinguish be-
tween and within species isolated. Soil with pesticide re-
sidues taken from Suwairah Pesticide warehouse

together with control samples (river bank, 5km from the
warehouse) were analysed to detect the residues using
GLC technique [2|.Results show slight differences be-
tween the two regions regarding the chlorinated hydrocar-
bons under test.

Table. I shows the crossing behaviar of six Iraqi isolates
registerd in the FGSC.
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Table I. Behaviour when crossed with species reference - tester.

FGSC
STOCK
number

Isolate N. crassa
no. 987 988

N. sitophila
2216

R
NP
R
NP
NP
BP

Diagnosis
2217 species

R N.crassa
R
NP
NP
R —
BP

mating
type

A
A
A
A
A
A

4368
4369
4370
4371
4372
4373

IRQ-1
IRQ-3
IRQ-7
IRQ-Tu-1
IRQ-Tu-5
IRQ-Su-1

NP
NP
+
NP
NP
NP

NP

EFFECT OF IRRADIATION: INDUCED MUTATION FOR
NITROGEN FIXATION IN Rhizobium meliloti

Nitrogen, phosphorus and potasium are the essential
macroelements for plant growth. Nitrogen is the most im-
portant one, nevertheless its quantity which is available for
plants is not enough to cover crops requirements. It is well
known that dinitrogen fixation is carried out by several
groups of microorganisms in symbiotic or free forms [1,2].

The objective of this study is to induce mutations in Rhi-
zobium meliloti characterized by high nodulations and nit-
rogen fixation.

The methods were carried out as follows:
1 - The bacteria was irradiated with different doses at late

exponetial phase using gamma cell 220 with a Co - 60
source.

2 - The irradiated bacteria were screened for mutants us-
ing replica plating method.

3 - The efficency of semi - mutant and irradiated bacteria
was examined for nitrogen fixation in alfalfa plants using
tube method [3]. The experiment was carried out in
growth room under controlled conditions.

4 - Total nitrogen and protein were determined by Macro
Kjldhal method

The results showed that:
1 - The bacteria which were isolated from root nodules of

alfalfa plants were identified morphologically and phy-
sioloically as R. meliloti.

2 - Reinfectivity test showed a 100% infection of seedling
roots.

3 - The bacteria were sensitive to gamma rays, LD50 was
ranging from 5 to 10 krad.

4 - No auxotrophic mutant was obtained. However,: incom-
plete auxotrophic mutants were isolated and identified
by weak growth on a minimal medium, comparing with
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intensive growth on a complete medium (YMA)
5 - Seedlings of alfalfa treated with equal number of incom-

plet auxtrophic mutants, irradiated and wild type bacter-
ia revealed no significant differences in leaves num-
bers, nodules numbers, fresh weight, dry weight, and
total nitrogen.

6 -Alfalfa seedlings innoculated with bacteria irradiated with
5,10,15 Krads or with semi - auxotrophic mutant or with
wild type showed that bacteria irradiated with 5 krads
and semi auxotrophic mutant are the most effective in
N-fixation in comparsion with wild type bacteria and the
bacteria irradiated with 10 and 15 krad.
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BIOCHEMICAL AND CYTOGENETICAL EFFECTS OF
LOW RADIATION DOSES IN MAMMALIAN CELL CUL-
TURES.

Radiation workers and the public are liable to be ex-
posed to low levels of external and internal radiation as a
result of the operation of nuclear installations [1 ]. The effect
of exposure to low levels of ionizing radiation is a controver-
sial issue since there are no apparent immediate effects on
the biological system. As a consequence, the establishe-
ment of dose limits for occupational radiation workers and
the public is not based on a solid scientific ground [2].

Mammalian cell cultures were used to study the effect of
environmental pollutants on biological system which could
be extrapolated to human [3].

Baby hamester cells (BHK) were grown in fisher media
and were irradiated externally with a Cesium - i "W source
(0. 5 m Rad) and internally with Tritium (1. 65 n ci/ml).
Doses delivered to the BHK cells were very low.

The distribution of fatty acids in the membrane lipids of
BHK cells were studied in the non - irradiated cells (FIG.
l.a), and in the irradiated cells (FIG.I.b). Cytogenetical
analysis such as chromosomal abberation, sister chroma-
tid exchange and life cycle inhibition were also carried out
in the control and irradiated cells. The results of this study
indicated that low level exposure to ionizing radiation
apparantly affected the membrane lipids and induced chro-
mosomal damege.

REFERENCES

(11 GOLDEN, J C. CHANDRASEKARAN, E.S., KAHN, B. Health physics.,

42(1982)777.

|2| SHAPIRO, J., Radiation protection. 2nd ed . Harvard University Press

(1981)324.

|3]BOREK,C Rad Res., (1979)209.

FIG.1. Fatty acid methyl esters of BHK membrane
lipids (a) irradiated cells
(b) non irradiated cells.

CHARACTERIZATION OF LEISHMANIA DONOVANI
ANTIGENGS BY DIFFERENT GEL DIFFUSION TECHNI-
QUES

Leishmania donovani promastigotes were grown in a
new monophasic liquid medium (GO - NAC). Cells were
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sonicated, dialyzed and lyophlyzed. Two types of cells
were prepared in rabbits, one against whole cell and the
other against cell extract emulsified in Freund's incomplete
adjuvent. Double diffusion, immunoelectrophoresis (IEP)
and crossed immunoelectrophoresis (CIEP) were used to
study the antigenic composition of Leishmania donovani
promastigotes.

The number of antigens detected in cell extracts by CIEP
was at least 28 separate precipitin bands. This number was
greater than those detected by simple double diffusion, ra-
dial immunodiffusion, immunoelectrophoresis and also
greater than the number of antigens demonstrated by other
workers [1,2,3].

REFERENCES

|11 CROOK, R.H., SCOTT, L.N., PATNODE, R.A. J. PARASITOL 55 (1969)

977.
|2| LERAY, D. et al., ANN. SOC. BELGE. MED. 53 (1973) 31.

|3| BRAY, R.S.. LAINSON, S., TRANS. R. TROP. HYG. 60 (1966) 605.

45



1

S - - . * / • ; " ^ i ^ j ^ - V ' '
1

' " ' - ' ' ^ ' ' '
;

- '
 ;

 ' i ' " * ' - • " • - ' • ' -

47



ANALYSIS OF URANIUM COMPOUNDS FOR TRACE
IMPURITIES

Uranium compounds used in various nuclear applica-
tions must meet strict purity specifications therefore, the
analysis of these conpounds for trace impurities is an
essential routine requirement for quality control. Different
techniques are being used for this purpose. Colorimetric
and emission spectrographic methods are among the
methods used for the analysis of uranium compounds for
trace impurities. However, emission spectrographic proce-
dures lack accuracy and colorimetric methods are time -
consuming and subject to elemental interferences. Re-
cently atomic absorption spectromerty appeared as a good
alternative to the above mentioned methods of analysis as
it has the advantage of being highly sensitive and relatively

free from most of the troublesome interferences [1 - 3].
In present work qualitative analyses of uranium com-

pounds were carried out using emission sepctrograph.
Then, uranium was separated from impurities by solvent
extraction using 100% tributyl phosphate (TBP) followed
by a second extraction with 20% TBP in CCI4 [2]. The
aqueous raffinate was then analysed for trace metalic im-
purities by atomic absorption spectrometry. Representa-
tive results are shown in Table I.
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Table I. Results of the analysis of ammonium diuranate samples.

Sample
No.

10A/80

10A/78

12A/79

1/81

2/81

8/78/18D

5/79/26D

8/78/1OD

8/78/12D

m

c

m

m

c

m

c

m

c

m

c

m

c

m

c

m

c

89.7

89.23

88.3

87.92

90.67

90.73

9.33

89.56

89.55

89.48

88.93

88.7

90.2

90.68

86.52

88.7

87.8

88.7

Humidity
%

1.19

2.03

2.58

1.63

2.61

1.56

1.98

1.52

1.97

1.68

2.6

3.2

3.4

2.2

3.4

3.2

3.3

3.2

0

0,

0,

0

0,

0,

0,

0,

0.

0.

0.

0.

0.

0.

0 .

0 .

0 .

0 .

Fe
%

.041

.15

.08

.07

.10

.07

.12

.11

.13

.12

.046

,05

,063

06

047

05

04

05

CaO
%

0.044

0.10

0.019

0.07

0.05

0.06

0.064

0.06

0.07

0.06

0.046

0.04

0.039

0.04

0.035

0.04

0.069

0.04

K %
%

0.118

0.07

0.06

0.05

0.081

0.08

0.074

0.08

0.054

0.05

0.095

0.06

0.05

0.03

0.11

0.06

0.09

0.06

Na
°A

0

0

0

0

0,

0

0,

a,
0,

0.

0.

0.

0.

0.

0 .

0 .

0 .

0 .

a

.4

.3

.29

.3

.4

.5

.29

.3

.299

.3

.41

,26

,22

29

39

26

49

26

Mo
ppm

16.4

18

40.6

39

34

25

12.3

19

16.9

25

46

42

33.1

32

50.8

42

45.1

42

V
PPm

6.7

5

9.1

10

6.8

1.7

6

1.9

3

5.8

<10

< 1

< 3

10.2

<10

5.0

<10

m measured, c certified , * not detected
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QUALITY CONTROL ANALYSIS FOR URANIUM AND
TRACE IMPURITIES IN URANIUM COMPOUNDS

The determination of impurities in a variety of uranium
compounds is an essential routine requirement for quality
control purposes. This is because uranium compounds
used in various nuclear applications must meet strict purity
specifications. Therefore, accurate and rapid determina-
tions of many trace elements are required to asses con-
formance to specification for uranium used throughout the
nuclear fuel cycle.

Different techniques are used in the analysis of impuri-
ties in uranium compounds. These techniques include col-
orimetry, emission spectrometry, neutron activation and
atomic absorption spectrometry [1 - 6]. Colorimetric
methods subject to elemental interferences and are time -
consuming [3]. Emission spectroscopic procedures lack
accuracy [2,3]. Neutron activation requires a complicated
equipments like a nuclear reactor, or in case of using a
neutron generator, the neutron flux is low and the detection
limit is poor for many elements, and also it is time -
consuming because it requires some cooling time prior to
measurements. Atomic absortion is the most widely used
method of analysis [1 - 4]. It is frequently used in the deter-
mination of elements at trace and ultratrace levels, in diffe-
rent materices. This is because of the excellent sensitivity

of this method to many elements and relative freedom of in-
terferences. In addition atomic absorption is being rapid
and can be easily operated.

In present work, solvent extraction separation of uranium
from impurities with 100% TBP followed by a second ex-
traction with 20% TBP in cci4 Has been carried out [1].
The aqueous raff inate was'ffien analysed for Mo, Fe, V, Ca,
K and Na by atomic absorption spectrometry. Halogens
and sulphate were determined by ion chromatography.
absorption colorimetry was employed for the determina-
tion of phosphates and uranium was analysed by Davies
and Gray method. Results of analysis of yellow cake and
uranium oxide samples are presented in Tables I and II.
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Table I. Results of analyses of yellow cake samples.

Sample
No.

IA/80

2A/80

3A/80

4A/80

5A/80

6A/80

7A/80

9A/80

9A/79

m
c

m
c

m
c

m
c

m
c

m
c

m
c
m
c

m
c

%

92.87
91.23

89.55
90.10

89.19
93.45

90.28
87.75

90.60
90.45

88.70
89.10

86.30
88.83

90.75
89.23

86.40
90.11

Humi-
dity%

2.02
1.41

2.58
1.87

1.85
1.57

1.97
1.45

2.12
1.38

2.51
1,71

2.31
1.43

2.03
1.87

2.82
1.64

Fe
%

0.084
0.070

0.092
0.080

0.095
0.100

0.12
0.13

0.12
0.13

0.12
0.12

0.08
0.09

0.176
0.180

0.079
0.070

CaO
%

0.05
0.06

0.06
0.08

0.08
0.07

0.08
0.06

0.08
0.06

0.04
0.05

0.02
0.04

0.Q7
0.07

0.04
0.06

K
%

0.12
0.10

0.09
0.09

0.064
0.060

0.06
0.06

0.07
0.03

0.055
0.050

0.05
0.04

0.072
0.070

0.12
0 07

Na
°/o

0.45
0.5

0.4
0.4

0.38
0.4

0.37
0.4

0.41
0.4

0.4
0.4

0.41
0.4

0.32
0.3

0.42
0.3

Mo
ppm

30
34

36
38

29
31

22
22

19
22

15
21

18
17

13
15

19
23

V
ppm

2.8
3

1.7
2

1.7
2

2.4
3

2.1
3

2.6
3

4.4
5

12.3
13

1.6
5

SiO,
%

0.08
0.07

0.091
0.09

0.086
0.08

0.081
0.10

0.096
0.09

0.097
0.09

0.093
0.09

0.105
0.11

0.16
0.09

Cl
%

0.049
0.04

0.051
0.03

0.07
0.02

0.05
0.03

0.09
0.02

0.09
0.02

0.09
0.C2

0.10
0.03

0.10
0.04

SO,
%

1.22
1.2

0.95
1.07

0.98
1.47

1.14
1.13

0.8
1.09

0.46
1.0

0.86
1.2

0.52
1.19

2.03
1.35

PO;

%

0.15
0.17

0.15
0.15

0.195
0.20

0.197
0.21

0.215
0.21

0.17
0.16

0.126
0.13

0.116
0.12

0.11
0.11

m measured, c certified
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Table II. Results of uranium oxide powder analysis.

No.

72

25
42
average
certified
value

U
%

88.17
88.06
87.99
88.07
87.73

uo2

%

100.03
99.90
99.82
99.92
99.83

Cd
ppm

0.015
0.025
0.042
0.027
<0.5

Cu
ppm

0.14
0.23
0.19
0.186
<5

Ni
ppm

1.7
1.6
1.7
1.66
<5

Al
ppm

1.75
1.6
1.7
1.683
<10

Fe
ppm

11.7
13.3
14.2
14.06
10

Mo
ppm

0.13
0.13
0.21
0.156
<5

V
ppm

<0.01
<0.01
<0.01
<0.01
<0.4

Cr
ppm

2.15
2.27
2.25
2.223
<5

Co
ppm

0.06
0.05
0.06
0.056
<2

Mg
ppm

<3
<3
<3
<3
<5

DETERMINATION OF IMPURITIES IN URANIUM COM-
POUNDS BY NEUTRON ACTIVATION TECHNIQUE

Uranium compounds that are used for various nuclear
applications must meet certain purity specifications, there-
fore accurate methods must be utilized to determine the
amount of the impurities.

In the present work neutron activation technique [1]
Have been utilized for such analyses. The separation of
uranium form trace impurities before the activation proce-
dure is necessary to avoid the high activities from uranium
and the fission products which give rise to a complicated
gamma - ray spectrum that disturbs the measurement.

The separation method used in the present work is
based on solvent extraction with 100% tributyl phosphate -
6M HNO3 system [2,3,4,5]. The extraction was performed
in four stages, as shown in FIG. I, with volume of organic to
aqueous equal to one. This was done in order to ensure
complete separation of uranium from impurities and to eli-
minate its interterference effect as a source of fission pro-
ducts during the activation time.

Samples (stock A and B) and the prepared standard
solutions were pippetted into similar quartz ampoules and
irradiated in the reactor with neutron flux of 2.4 x1013 n/
cm2, sec for 72 hours and then allowed to cool down for one
to three weeks to let the activities from sodium and other
short lived fission products come down.

The gamma - ray measurements were carried out using
Ge (Li) detector with FWHM=2.5 keV at 1332.4 KEV FOR
6OCo coupled with a mini computer system.

From the results obtained in Table I, one can conclude
that the neutron activation technique could be used for the
determination of some of the trace elements in uranium
compounds. However, this method is not applicable to the
determination of the elements that have similar chemistry

as uranium (e.g.Mo).
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Note: the TBPused in all steps was pre -equilibrated
withTBP.

100% TOP

sccubed
with 6HHNO3

100% TOP O/A-l flq. Org. Aq. Org.

5gm of uranium canpound
* 10ml (MtlO,

100% TBP O/ft=l

20% TBP— O/A=l~

FIG1. Separation scheme for impurities from uranium
solution.
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Table I. Trace elements concentration in the uranium compound samples compared with the certified values.

Elements

As
Cr
Fe
Na%
Zn

Sample No. 2/79
Average
value from
stock A
p.p.m

183.1+6.3
22.6 + 0.4
640.1+24.1
1.15+0.04
32.2+3.0

Average
value from
stock B
p.p.m

140.0+9.7
12.8 + 0.9
680.1+54.6
0.77+0.03
40.2+5.5

Certified
value
p.p.m

—
1000
0.28
—

Sample No. 5/79
Average
value from
stock A
p.p.m

72.2+2.2
14.4+0.4
459.7+22.7
0.55+0.02
47.7+3.3

Average
value from
stock B
p.p.m

67.2+2.6
11.7+0.7
720.2+54.3
0.85 + 0.04
—

Certified
value
p.p.m

_

—
600
—
—

Elements

As
Cr
Fe
Na%
Zn

Sample No. 9/78
Average
value from
stock A
p.p.m

280.1+16.7
18.8 + 0.7
610.3+31.9
0.55T0.02
33.2+2.3

Average
value from
stock B
p.p.m

275.1 + 15.6
13.3+0.9
730.2+39.3
0.69+U03
50.1+4.1

Certified
value
p.p.m

300
—
600
0.19
—

Sample No. 8/78
Average
value from
stock A
p.p.m

587.6+26.1
20.8+0.4
585.6+26.6
0.98+0.04
59.8+3.7

Average
value from
stock B
p.p.m

523.9^34.5
11.1+0.7
688.4+60.8
0.84+0.04
38.7+3.5

Certified
value
p.prn

400
—
500
0.26
—

DETERMINATION OF URANIUM BY POLAROG-
RAPHIC TECHNIQUES

As part of an analytical programme supporting work on
trace elemental analysis; methods for analysis of reference
materials with high precision and accuracy have been re-
quired.

Uranium compounds used in various nuclear applica-
tions must meet rigid purity specifications. A numerous
methods have been reported in the literature, deal with ura-
nium determination in different samples. Colorimetric
methods are generally insensitive at low uranium concen-
tration although those methods are subject to elemental in-
terferences. The microfluorometric method is sensitive to
low uranium concentration but rigorously affected by very
small quantities of impurities [1 ].

The polarographic methods have found a considerable
application in the determination of trace metal ions f 1 - 4].
This is due to the simplicity, accuracy and higher sensitivity

of the methods, but the determination of uranium content of
various samples is frequently complicated by the presence
of ions that interfer with the polargraphic methods. Particu-
larly those ions that have half - wave potentia1 close to that
of uranium, such as iron, vanadium, copper, lead and spe-
cially molybdenum depending on the samples and the
medium.

The present work describes the application of direct cur-
rent tast polarpgraphy (DCT) and differential pulse polar-
graphy (DPP) to the problem of determining uranium in an
attempt to improve the convenience and reliability of the

method with nitrate, perchlorate, acetate, and sulfuric acid
as supporting electrolytes. The affect of these supporting
elecrolytes on the wave potential and the sensitivity of ura-
nium have been studied.

The interference of metal ions, namely, molybdenum,
vanadium, Iron and zirconium on the determination of ura-
nium has been investigated. Among these, only molybde-
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num interfered seriously as show in FIG. 1 and 2. Accor-
dingly, the separation tecchnique [3.5] is used for molybde-
num at high content in uranium samples.
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FIG.1. Interference of Molybdenum with Uranium sig-
nal in 0.1 M KNO3 Solution. 1-DP Polarogram recorded
with a DIME for asynthetic sample contains 20ug/ml of
Uranium.
The 2,3 and 4 DP Polargograms recorded after addi-
tion of 1,2 and 10ug/ml of Molybdenum respectively. 2
Sec. drop time 5mV/S scan rate and 50mV pulse mag-
nitude.
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FIG.2. Interference of Molybdenum with Uranium sig-
nal in 1M Sodium acetate/acetic acid buffer. 1 SP Po-
larogram recorded with a DME for a Synthetic sample
contains 20ug/ml of Uranium.
The 2,3,4, and 5 DP Polarograms recorded after a ddi-
tion of 2,48 and 16ug/ml of Molybdenum respectively.
2 Sec. droptime 5mV/ S Scan rate and 50 mV pulse
magnitude.

INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS
(INNA) OF TRACE IMPURITIES IN ALUMINIUM

Aluminium is widely used in various industrial fields be-
cause of its conveient technological propeties such as
lightness, no chemical toxicity, good thermal and electrical
conductivities and resistance to corrosion. Moreover, as its
neutron absorption cross section is low and the half - life of
its radioisotope is short, high purity aluminium is consi-
dered as one of the important materials to be used in nuc-
lear fields, but the presence of trace elements as impurities
in aluminium may limit its use.
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INAA makes it possible to analyse simultaneousely and
nondestructively many trace elements for various kinks of
samples [1 - 4].

As a contribution to nondestructive neutron activation
assay of the re.actor grade aluminium, a number of ele-
ments have been determined qualitatively and quantita-
tively by using IRT - 5000 reactor with a thermal neutron
flux of 7.6x1012 n/cm2 sec. Y - Ray spectra of irradiated
samples were analysed with a 30cc Ge (Li) detector con-
nected with an HP - Computer and 4096 channel analyser,
the detector resolution was 2.3 kev cobalt - 60 peak. The
following impurities were quantitatively determined. Sc,
Ca, Cr, F, Ni, Co, Zn, As, Sb, W, Au.Th and U. by conpari-
son with induced activities of standard samples which were
similtaneously activated. These standards were prepared
by taking 6 - samples of different weights in ug and from the
calibration curves between weight in ug against area under
the peak in counts min the concentrations were determined
qualitatively only.

Detection limit (D.L) of various elements were deter-
mined for the case of 72 hr irradiation based on 2a (95%
confedence level).

Table 1 shows the nuclear properties of the isotopes
used and the concentrations of the observed impurities,
many of these elements have high neutron absorption

cross - section that could counteract the advantages re-
sulting from the use of aluminium.

For the determination of Zr, Mo, Ru, Te, La, Ce and Nd,
the contribution from uranium fission products was cor-
rected in order to determine the trace amounts of these im-
purities, it was shown that they are produced completely
from uranium.

Test of precision was carried out on sample (A) Table (1).
INAA gives detection limites that are well below the mea-
sured values of impurities.

The accuracy of this experiment was checked by analys-
ing a standard aluminium sample whose major impurities
were well determined, Table II.
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Table 1.

Sample
Element

Sc
Ca
Cr
Fe
Ni
Co
Zn
As
Sb

w
AU
Th
U

Reaction

45Sc (n, Y) 4 6 SC
46Ca(n,y)47CaJL»47Sc
50Cr(n,v)5 'Cr
58Fe (n, y) 59Fe
58Ni (n, p) 58Co
59Co (n, y) 60Co
64Zn (n, v) 65Zn
75As (n, y) 76As
121Sb(n,y)122Sb
123Sb(n,y) l 24Sb
1B6W(n,y) l 87W
197Au (n, Y) 1 9 8AU
232Th (n, v) a»Th J L ^ P a
238U(n,Y)239U B, 239Np

Al-cladding
IRT-2000
(A*)
ppm

0.0703
165
2.91
567.4
16.2
0.041
10.29
0.15
0.04

2.44
3.08+
0.736
0.18

Ai-cladding
IRT-2000
(B*)
ppm

0.0748
110
2.43
505.9

-
0.08
20.42
0.23
0.037

3.116
2.92+
0.0798
0.199

Limit of
detection
(ng)

0.25
6100
8.6
1700
300
1
50
7.6
0.6
1
102.8
0.02
1
1.7

Coefficient of
variation
%

2.2
14.1
2.4
2.1
13.8
2.3
3.6
13.1
1.7
1.3
3.0
3.7
2.34
3.2

a A - Al cladding for fuel enrichment 10%
B - Al cladding for fuel enrichment 36%

+ Concentration in ppb
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Table II. Analysis of standard aluminium1

Element Cited value
ppm

This work
ppm

Sc
Co

0.108
0.017

* Activation foils from reactor experiments INC, SAN

Carlos California U.S.A.

EXTRACTION CHROMATOGRAPHIC BEHAVIOUR OF
FORTY THREE ELEMENTS ON THE HDEHP AND TOA
COLUMNS

Using radiotracer techniqe the extraction chromator-
gaphic behaviour of Na, K, Sc, Cr, Mn, Fe, Co, Cu, Zn, Ga,
Ge, Se, As, Br, Rb, Sr, Zr, Nb, Mo, Tc, Ru, Pd, Ag, Cd, In,
Sn, Sb, I, Cs, Ba, La, Ce, Eu, Ho, Ta, Ro, W, Ir, Au, Hg, Pa,
and Np, were studied on two complementary columns;
HDEHP andTOA supported on kieselguhr (FIG.1).

Elutions were performed with successive concentrations
of HCI. Drops were collected and assayed with Ge (Li) de-
tector coupled with 4076 channels minicomputer analyzer.

From the results obtained a number of important applica-
tions and separation schemes are proposed. In the field of
fission porducts separation and burn - up studies, it is
shown that the actinides are generally very strongly held on
HDEHP column, whereas, Cs, Sr, Ru, I, the lanthanides
and many other fission products may be washed easily at
different normalities from the column.

In the separation of parent daughter pairs, the separation
of 99mTc from "Mo has also been discussed. "Mo is
strongly retained on HDEHP column while its daughter pro-
duct 99mTc is easily washed out at 0.00IM HCI.

Another important application is in the field of activation
analysis. Employing HDEHP column, it is possible to sepa-
rate a large number of radioisotopes which are retained on
a such column from solution of low acidity. From the in-
terfering elements on the spectra i.e. 24Na, 38CI, S6Mn and
42K. only Mn is delayed on the column when washed with
0.01 M HCI solution. The other elements which are eluted
with 24Na, 38CI and 42K from HDEHP column, may be pas-
sed on a TOA column and washed with 8 M HCL solution.
42Na, 83CI and 42K will also be eluted in the free volume,
while most of other elements are retained by the TOA col-
umn.

Thus, many low abundant elements may be separated
on HDEHP and TOA columns from the interfering isotopes;
24Na, 38CI and 42K which pass these two columns unhin-
dered (Table I ).

Table I. Radioistopes measured in different fractions

of an irradiated bovine blood sample.

Column TOA

0.0IMHCL 8MHCL HDEHP 8MHCL Water Column

24Na
153Sm S9Fe 24Na

47Sc(Ca)

82Br
122Sb

82Br
b6Mn

2x104

104

2x10*
—

g

" A
> 1 0

5 2X1O3

2xid*

2x103

2 2 N Q

1

65,
Zn

o.i aoi

X \
10 50

' 137Cs
A

1
1I /

10 93

' 3 7 C :

A
I

V . .
10 50

0

/

02 M

\
100

'Ce

I..
100

6C

100

HDEHP
ELUENT HCI

DROPS

HDEHP
ELUENT 0-3M HNO3

Co

A TOA
\ EUJENT 4-7M HCI

I
FIG.1. Characterization of HDEHP and TOA columns.

Length of the columns 10mm
Internal diameter 3mm
Flow rate 2-3 drops / min
Temperature 22+2C°
Extractant: Support 1:10 BY WT
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AN INVESTIGATION ON GLC METHOD FOR TERTIARY
AMINE MEASUREMENT TO INCREASE SENSITIVITY
AND IMPROVE THE REPRODUCIBILITY

Satationary phases are classified into three categories:
polar denoted by P like polyethylene glycol (PEG), in-
termediate denoted by I like methyl phenyl silicon (OV17)
and neutral denoted by N like methyl silicone (E30). On the
basis of the previous classification apiezon grease is re-
commeded for hydrocarbons, polyethylene glycol is re-
commended for alcohols and dinonyl phthalate is recom-
mended for aromatics as intermediates in polarity. Alipha-
tic amines fall on the border line as theoretically they are
supposed to be polar but practically they are not, and that is
why both PEG and E30 are recommended for their separa-
tion.

It is known that a good column will about 25 - 3000 [1]
theoretical plates per 1.5m length. According to our results
one can work with less efficiency when there is a need for
fast analysis by using PEG20M and still accepted. Moreov-
er the resolution is still high as it is known that a resolution
above 1.5 gives complete separation. FIG.1 shows that the
highest resolution can be obtained with E30 of high con-
centration. The longitudinal diffusion of the carrier is ex-
pected to be very low and wb,+wb2 will be consequently
very small, i.e the resolution is high according to [2] :

2At
R=

wb.+wb

where R is the resolution, At is the difference in retention
time, wb, is the width of the first peak and wbz is the width of
the second peak. In conclusion the best resolution can be
obtained and using a neutral stationary phase of high per-
cent loading by using a carrier of low longitudinal diffusion.
From the duration of retention time one can explain the
sort of interaction between the tertiary amine and the sta-
tionary phases used.
These phases are :

I O - Si(CH3)2 - O - Si(CH3)2 - O

E30

II Si(CH3)2 - O - Si(CH3) -

phenyl

OV17

III HO(CH2CH2O)XCH2CH2OH

PEG20M
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PERFORMANCE OF A PULSED COLUMN FOR EX-
TRACTION OF URANIUM

In pulsed sieve - plate extraction column, mass transfer
rate is promoted by pulsation because of increased interfa-
cial area and increased mass transfer cofficient.

Pulsed column is simple to construct with low initial cost
and low operating cost. It is easily maintained, does not
contain moving mechanical parts and therefore, prefered
to be used for processing radio - active material e.g. puri-
fication of yellow cake [1 - 3].

In this work laboratory scale sieve - plate pulsed column
was constructed with the following specifications.

Column length=165 cm.
Internal diameter= 5 cm.
No.of sieve - plates= 33 cm.
Free area of plates = 18%
Material of plates = stainless steel
Shape of plate perforation = nozzle type

The column was used to process the system UO2(NO3)2 /
4NHNO3 / 20% TBP / kerosene and the operations condi-

tions were optimized to:

pling points along the column. The height of the column
was found to be 1.9 HETU. A simple computer programme
was written to calculate eddy diffusivity and change of HTU
with uranium concentration.

Four different cases were studied as follow :
1 .Case I. Extraction top interface, FIG. i
2 . Case II. Extraction bottom interface, FIG. 2
3 .Case III. Re - extraction top interface, FIG. 3
4 .Case IV. Re - extraction bottom interface, FIG. 4

The experimental results showed a good fit with the
theoreticallly calculated HTU values showing the optimum
characteristic of the column under various operation condi-
tion for extraction and Re - extraction.
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a) Extraction

Concentration of uranium =

Flow rate of Aq. =

Ratio of Org/Aq phase

Frequency of pulsation =

b) Stripping

Concentration of uraniun =

Flow rate of aqueous

Ratio of org. phase to =
aq. phase

110 gu/l

103.3 gu/l

10 l/hr
9.627 l/hr

1.6

1.546

120pulse/min

47.0 gu/l
49.57 gu/l

9.627 l/hr
Q.46 l/hr

1.578

0.7887

[case I ]

[case II]

[easel ]

[case II]

[case I ]

[case II]

[caselll]
[case IV]

[case III]
[case IV|

[case III]

[case IV]

Frequency of pulsation = 120 pulse/min

The behaviour of the processes of extraction and re -
extraction of uranium was followed by the aid of ten sam-
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FIG.1. Extraction top interface conc.profile based on
AQ-phase.
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PROPERTIES AND USES OF THE CHELATING ION EX-
CHANGER, N-METHEYL POLYMETHACRYLOHY-
DROXAMIC ACID FOR EXTRACTION OF METAL IONS

The chemical stability of newly synthesised chelating ion
exchanger, namely, N-methly polyhydroxamic acid (1)
derived from Amberlite IRC - 50 was studied towards con-
tact with 3 and 5 M HNO3. This was based on the follow - up
of uranium capacity of (1) as a tunction of time and keeping
the equilibrium pH about 4

The absolute uranium capacity was determined as a
function of pH using column technique. Relatively high ura-
nium capacity (3.15 mmol./g.) was obtained using uranyl
acetate solution adjusted to pH 7.1 with sodium carbonate
(Table I).

Moreover, the capacity of each of Fe3+, Cu8+ using the
resin (1) was determined as a function of acidity (4M - pH
6) both as a single and a mixture of the metal ions (FIG. I).
Furthermore, The distribution coefficient of a number of
metal ions representing some fission products (using
radioactive tracers as monitors) were also determined as a
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function of acidity. Among these metal ions are: Mo, Zr, Nb,
Hf, Eu, Ce and Cs (FIG. 2). Some of these results are para-

Illel to those reported by Vernon [1,2] and Phillips [3] for
some polyhydroxamic acids prepared through the
polymerisation of the corresponding monomers. The fol-
lowing conclusions have been reached:

1 . Iron could be separted from copper and cobalt from a
medium which is > IM HNO3.

2 . Copper could be separated from cobalt from relatively
weakly acidic medium (PH 2 - 6).

3 . Mo, Zr, Nb and Hf could be separated from Ce, Eu, and
Cs when the acidity of the medium is > IM.

4 . Uranium could be purified from Fe, Mo, Zr, Nb and Hf
when the acidity of the medium is > IM.

5. Cs, could be eluted from a mixture of the above metal
ions when their solutions were passed on a column
charged with the resin I and the acidity of the medium is
kept below pH5(5M-PH5).
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FIG.2. Extraction of a mixture of traces
o Mo, A Zr, x Nb, • Hf, • Ce, • Cs, A Eu

M H Qj

FIG.1. Extraction of a mixture
(100ppm) of P (Fe+3), A (Cu+2), o (Co*2).

5 6PH

Table I. Aboslute capacity of uranium using the chelat-
ing resin (I).

PH U - Capacity
U - Acetate

(mmol./g)
U - Nitrate

7.1(7.2)
8.0
9.0

3.15
1.27
1.1

(2.53)
2.05
0.7

STUDIES IN THE PROBLEM OF CHEMICAL DE-
GRADATION OF HYDROXAMIC ACIDS

Recently a series of tertiary hydroxamic acid (I) has been
prepared.

R(Et) (Bu) CCONHOH
(I)

R= Different alkyl group [C4 - C7]

The general properties of these compounds, as new ex-
tractants, have been found to be encouraging. These prop-
erties include: solubility of the extractant in different polar
and nonpolar solvents, chemical stability towards different
mineral acids (HCI, HCIO4, HNO3 H2SO4 and H3PO4) and
radiolytic stability towards y - rays.

The results of the detailed study of the chemical de-
gradation of hydroxamic acid upon contact with nitric acid
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are reported here. The effect of each of the following para-
meters was considered as a function of time:

1 . Effect of nitric acid concentration, [HNOJ.
2 .Effect of type and concentration of hydroxamic acid.
3 . Effect of type of nitrous acid antagonist (due to the pre-

sence of nitrous acid in the nitric acid).
4 . Effect of concentration of nitrcus acid antagonist.

In each case, tne concentration of undegraded hydrox-
amic acid was determined by iron colorimetry. From the re-
sults obtained, the following conclucions have been drawn:

1 . The extent of degradation of hydroxamic acid is in-
creased by increasing I HNOJ.

2 . As the concentration of the hydroxamic acid is in-
creased, the stability is imporoved.

3 . As the length of the alkyl group (R) is increased the sta-
bility is improved.

4 .The stability of I is greathy enhanced by addition of HNO2

antagonist, such as urea, hydrazine and sulphamic acid.

5. As the concentration of the HNO2 antagonist is in-
creased , the stability is improved.

6 . In general the stability is improved in the following order
of antagonist.

NH?NH? > NH2SO3H > NH2CONH2.

7 . The results obtained with I (R=n - Hept., n - Hex and n -
pent) (0.05 M in mesitylene) showed that these com-
pounds are considered to be stable for neraly one month
when contacted with 5 M HNO3 in the presence of 0.1 M
hydrazine. On the other hand the stability ranges be-
tween few hours and few days )depending on the type of
hydroxamic acid) in the absence of the antagonist.

In conclusion, the above chemical stability results toward
nitiric acid is considered to be encouraging when com-
pared with those reported for other hydroxamic acids such
asHX-70[1].
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SYNTHESIS OF CYCLOALKYLDROXAMIC ACIDS AND
THEIR N - SUBSTITUTED DERIVATIVES

Hydroxamic acids of the general formula RCONHOH
have been known earlier and considered to be good com-
plexing agents with a number of metal ions |11. They have
been used widely for the colorimeteric determination of
trace metals [2]. Although a large number of these ligands
have been prepared for these purposes, they were mainly
aromatic and to a lesser extent alicyclic hydroxamic
acids[3].

The present work covers the preparation of a series of
small - sized cycloalklhydroxamic acids and their N -
substitued derivatives (I - XV) together with their physical
and spectral data (Tables l.ll).

The following general procedures were adopted for the
preparation and purification of hydroxamic acids:

Preparation of Unsubstituted and N - Methyl - Substi-
tuted Hydroxamic Acids. In a I - L round - bottomed flask

a suspension of N - methylhydroxyl amine hydrochloride
(0.2 mol) and sodium bicarbonate (0.6 mol) in water (100
ml) and ether (350 ml) was placed. The stirred reaction mix-
ture was cooled to - 5°C, and the appropriate acid chloride
(0.1 mol) in ether (150 mL) was added over 1 h at this
remperature. After the addition was completed, the reac-
tion mixture was stirred at room temperature for 2 h and
then worked out to give the crude hydroxamic acids. Puri-
fication of the latter by recrystallization or through their cop-
per complexes gave the pure hydroxamic acids in relatively
good yields (Table II).

Preparation of N - Cycohexylhdroxamic Acids. The
above procedure used was followed here that the molar
proportions of the reactants used in this case were 1:1:2 of
the acid chloride: N - cyclohexylhydroxylamine: sodium
bicarbonate, respectively. The products were purified as
mentioned above to give the pure hydroxamic acids (Table
II)

Preparation of Copper Complexes of Hydroxamic
Acids. A satruated solution of copper acetate was added to
the hydroxamic acid dissolved in chloroform. After shaking,
the greenish blue copper complex which was formed in the
chlorofrom layer was dried and the solvent evaporated in
vacuo to give a pure greenish blue complex of hydroxamic
acid (Table II).

Purification of Hydroxamic Acids through Their
Copper Complexes. Hydrogen sulfide was passed
through a suspension of the copper complex of hydroxamic
acid in methanol.

60



Filtrarion of the copper sulfide followed by evaporation of
the methanol afforded pure hydroxamic acid. Table I.

RCOCI+ R'NHOH- RCONR'OH+HCI
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Patent. 3900514. 1975.

|4| COHEN W.: ERLANGER B.F..J. Am. Chem. Soc 82,(1960)3928

R(cycloalkyl)

^ \ II

C 3 H 5

CUH7

C5Hg

C.H.,
C7H13

R'
H CH3

1 II

IV V
VII Vlll
X XI
XIII XIV

Table II. Physical and spectral data of cycloalkylhydro xamic acids and some of their Cu complexes.

compd
|

11

1

I I I

IV
V

VI

VI I

Vl l l

IX

X

XI

XI I

XIII

XIV

XV

mp, "C
(solvent)11

I17-12OP(B)

74-76 (10

105-107 (PE)

oil (crude)
o i f

117 (PE)

110-112 (A-B)

oil

I35-136(A>

134-136'(L-A)

103-104(A)

175-177 (A)

129-131(B)

71-73(PK)

131-133 (A)

yield, '/,•

15.1

20.5

33.5

30.0
20.0

18.0

98.0

97.0

56.0

61.4

81.0

62.6

90.7

92.2

68.5

IR,6 cm •

3200 (OH, NH)«
3030 (OH, NH)»
1605 (C=O)

3150 (OH)1

1590 (C=O)

3120 (OH)«
1585 (C=O)

3180(OH)*
1600 (C=O)

3300 (free OH)«
3120 (bonded OH)
1590 (C=O)
3190 (br, OH, NH)«
3020 (sh, OH, NH)B

1625 (C=O)
3160 (br, OH)"
1605 (C=O)

3250 (br, OH)h

1600 (C=O)

3190(br, OH, NH)«
3020 (sh, OH, NH)»
1625 (C=O)
3160 (br, OH)*1

1590 (C=O)

3190 (br, OH)*
1595 (C=O)

3230 (br, OH, NH)h

3420 (sh, OH, NH)h

1660 (C=O)
3180 (br, OH)'1

1600 (C^O)

3220 (br, OH)h

1595 (C^O)

NMR.C*

0.65 (d,4 H.CjH,)'
1.5 (m, 1 H.CHCO)
9.2 (s, 1 H, OH, NHV

11.2 (s, 1 H, OH, NiW
l .0 (m,4H,C 1H,) '
2.2 (m, 1 H.CHCO)
3.6 (s, 3H,NCH,)
9.4 (s, 1 H. OH?
O.3-2.2(m, 15 H,C,H,, C,H,u)k

4.4 (s, 1 H, CHN)
8.8 (s, 1 H. OHy

1.6-2.6 (m, 6 H.CjH.)*
3.4 (s, 3H, NCH,)
3.8 (m, I H, CHCO)
9.8 (s, 1 H, OH)7

0.8-2.4 (m, 16H,C3H t,C4H,0) fe

3.7 (br, 2 H, CHN, CHCO)
8.5 (s, 1 H, OHV

0.6-2.4 (m, 9 H,CSHO)'
3.34 (s, 3H, NCH,)
8.84 (s, I H. OHy
0.6-2.4(m, 18 H,C,H,, C,!!,„)*
3.06 (m. 1 H, CHCO)
4.13 (m. I H.CHN)
8.8 (br, 1 H, OH)<

0.6-2.4 (m, 10H, r ,H l o ) '
3.0 (br, 1 H, CHCO)
3.5 (s, 3H, NCH,)

10.0 (br, 1 H,OH)i
0.6-2.6 (m, 20 H, 2C,H10)*
2.6 (m, 1 H.CHCO)
4.13 (m, 1 H.CHN)
6.8 (br, 1 H, OHV

1.0-2.33 (s, 12H.C.H,,)1

3.26 (m, I H.CHCO)
3.46 (s, 3H, NCH,)

10.2 (br, 1 H, OHV
0.6-2.4<m, 22H.C,H,,,C,H1O)'
2.8 (m, 1 H.CHCO)
4.06 (m, 1 H.CHN)
8.8 (br. 1 H, OIIC

copper hydro.\amated

nip, C IR <'C_O'"
(solvent)" cm '

138 IB) 1530

183(10 1590

220decomp 1525
142 1590

191 1590

245 (M) 1560

C e H u

Ml
III

VI
IX
XII
XV

0 A = acetone, B = benzene, E = ether, M = mcthanol, PE = petroleum ether (30-50 °C). 6 A decrease of - 20 cm ' of the vc-0 due to
N-substitution is observed c s = singlet, d = doublet, m = multiple!, br = broad, sh = shoulder. d The ligand/metal ratio for the Cu
complexes of V, XI, and XII is 1:2, while it is 1:1 Toi IV (the latter value may be attributed to the formation of polymeric complex)
' Obtained from Cu complexes. ' Reported 131-132 °C (4). BKBrdisk. " Chloroform solution. ' Deutcriodimethyl sulfoxidc solution.
' Exchangeable with D,O. * Dcutcriochloroform solution. ' Carbon tctrachloridc solution.
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APPLICATIONS OF A STABLE ISOTOPE MEASUREMENT, THEORETICAL TREATMENT

The proposed techinque was firstly verified on systems of different istopic compositions of mixed elements. In the present
work some potential fields of application of the proposal are presented and briefly discussed; related formulae are derived
therefore. They are in particular the determination of the stable isotopic composition of materials irrespective of their purity
and weighability (eq I); the dertermination of the quantity of a material in a multi material system (eq 2) and the determination
of total impurity as contained in a material 3).

Moreover several atomic and molecular characters may be obtained by application of the proposal especially in combina-
tion with other techinques e.g. elemental analysis. Consequently formula weighte and similar characters e.g. avarage formula
weight may be determined (eq 5). On the other hand the proposal may be a simple way for the determination of isotope atomic
mass (eq 7).

Baside nuclear applications the proposal may find applications in various fields e.g. geochronolgy, hydrology, archiology
and analysis etc.(eqs 1-3); in molecular chemistry, pharmacology, antibiotic and natural product research etc. (eqs 4&5).
The proposal seems to t«* advantageous as compared with other techinques in accordance to several points: the precision of
measurement may be enhaced; the proposal is likely to be suitable for formula weight determination without physical change.

n 1 m l ( n i d - n l m 2 ) - W2 Wd1 n 1 m 2 ( n 1 d - n 1 m l )

W1 wd2 ( n 1 d - n i r a 1 ) - W2 W d 1 ( n 1 d - n 1 m 1

n i a : relative abundance atom%of the isotope to be analyzed in the unknown, similarly n_d (diluent), ̂ m i and n,m2 (mixture 1
and 2); W, (W2) and W^ mass of unknown and diluent 1 and 2 respectively.

100 [w2 wdl Z (n i d -n 1 m 1 ) - W1 wd 2s ( n 1 d - n 1 m 2 ) ]
q% = (2)

W1 W2 Y (n 1 r a i -n i m 2 )

100IW, W2 Y(n1 m 1-n1 m 2)-W2 wd1 Z l n ^ - n ^ ^ + V , wd 2 S ( n 1 d - n 1 n 2 ) ]
1% = (3)

W 1 W 2 y <

S = 100 M2 + n l m 1 (M-,-M2) ; Y = 100M2 + n 1 d (tt-

Z = 100 M2 + niIt,2 (M1~M2)' M1 an<^ M2 a r e i so tope molecular weights .

MT Wa (100-n 1 d ) (n 1 a -n 1 m ) + Wd (100-n 1 a ) (n 1 d -n 1 m )

M2 n 1 d Wa ( n 1 m - n 1 a ) + n 1 a Wd ( n 1 m - n 1 a )

Wa and Wo: masses of a substance with different isotopic composition

C
M1 = (5 a )
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c
H2 =

M 1 /M 2 -1

MT - M2 = K ( 6 )

M-j - M2 K
AT - A 2 = = ( 7 )

C C

C: number of atoms of the mixed element to be analyzed.
A{ and A,: isotope atomic weights.
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GROSS ALPHA ACTIVITY IN
ENVIRONMENTAL SAMPLES

The contamination of the environment with gross alpha
elements is discussed [1]. Soil and water samples were
collected from the area of the nuclear centre, the surround-
ing area and from selected areas in the southern part of
Iraq.

The fallout levels of these elements were measured by
radiochemical separations [2] using different concentra-
tions of natural uranium as a standard.

The amounts of natural uranium and transuranic ele-
ments in 10 litres of water samples were precipitated in
alkaline medium, whereas 100 gm of soil samples were
leached with 8M nitric acid [3]

For low concentrations, tri-n-octyl phosphate was used
for extraction and dibenzoyl methane (DBM) was used for
measuring the high concentrations of alpha emitting ele-
ments.

Four methods were used for estimating gross alpha
activity: fluorometry, spectrophotometry, scintillation
counting (ZnS) and liquid scintillation counting [4 - 6].

The minimum detection limit of the above methods has
been determined to be approximetly 10 ppm [7].

The results indicated that the water and soil with regard
to gross alpha activity were below the minimum detection
limits of the instruments
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sentative aquatic biota.
Strontium - 90, cesium -137, total gamma and total

beta were measured in samples collected monthly during
1981 -1982.

Fish samples were prepared as for eating by removing
the head, scales, fins and viscera. Dried at 150°Cand
ashed at 450 ° C, Beta radioactivity of Cs -137 was mea-
sured using a low background gas flow proportional coun-
ter whereas the gamma radioactivity was measured using
a Ge (Li) detector . The radiochemical determination of
Sr - 90 was carried out by separation and analysis of its
daughter product Yttrium - 90. Ash sample was solubilized
in nitric acid and Yttrium - 90 daughter was extracted into
equilibrated tributyl phosphate (TBP). The Yttrium-90
was then precipitated as the oxalate and counted in a low
background gas flow proprtional counter [1 ].

Cesium -137 was separated on a bed of ammonium -
12-molybdo-phosphate (AMP) and counted in a low

background gas flow proportional counter [2].

Water samples were also collected monthly from fresh
water during the same period. Fifty liters water samples
were transported in covered polyethylene containers to the
laboratory .They were strained through whatman No. I filter
paper (plankton netting).

The filters were then dried and the total gamma activity was
counted in Ge (Li) detector. The separation of Cs -137 was
then carried out using column of 5mm x 100mm Dowex 50
caticn and counted in a low background gas proportional
counter [3].

The results indicated that the level of Sr - 90 and Cs -
137 in fishes during 1982 were higher than in 1981. This

was attributed to the high fallout rates in 1982. Total gam-
ma and Cs -137 activity from plankton all were within the
background.

The assessed intake of Sr- 90 and Cs-137 by Iraqi indi-
viduals through fish consumption are well below the per-
missible limits (MPBB 2uCi and 30 uCi respectively).

The data obtained in this report could be considered as
control or basis for further studies concerning the aquatic
radioactivity studies.

NATURAL RADIOACTIVITY STUDIES IN THE AQUATIC
ENVIRONMENT

Studies for the determination of radioactivity in the fresh
water were conducted using fishes and plankton as repre-
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DETERMINATION OF RADIONUCLIDES IN
BIOLOGIC AL FLUIDS

Occupational radiation workers are liable to inhale or
ingest radionuclides in the course of their work. These
nuclides could emit alpha, beta, and gamma rays or parti-
cles. The ingestion and inhalation of radionuclides cause
internal contamination which may lead to radiation expo-
sure exceeding the allowed limits [1 ].

It is the responsibility of the Health Physics Department
to insure the safety of radiation workers by monitoring them
for possible internal contamination with radionuclides. For
those radionuclides which emit gamma rays the monitor-
ing can be accomplished with a whole body counter.
Radionuclides which emit alpha and beta particles can be
successfully monitored by bioassay procedures which are
indirect methods [2].

Bioassay procedures for some potent internal contami-
nants were established or adapted from published proce-
dures. Natural uranium in urine was determined by a
fluorometric method [3] and a radiometric method. Aspec-
trophotometric procedure [4] was used to estimate natural
uranium concentration in plasma . Tritium and carbon -
14 were estimated in urine and blood samples by liquid

scintillation counting [5].

As a result of this study some bioassay procedures were
adopted for routine monitoring of radiation workers in the
Nuclear Research Centre,Baghdad.

and convenient to measure and calculate the neutron
source intensity, spectrum and dose with a combination of
these detectors. As a biological threshold detectors,
measurement of beta activity from the reaction S - 32 (n, p)
P- 32 in hair samples taken from exposed persons pro-
vides valuable information for comparison with average
total - body neutron exposure based on blood sodium - 24
measurments. To determine the neutron dose using hair -
and blood - activation data, Hankins, D. E (1980), found
correlation between Sulpherfluence ( in neutron /cm2 )
and the blood sodium activation (given in pCi sodium - 24
per mg. sodium - 23) from that combination he could deter-
mine the neutron dose that a person received in a critically
accident. In this study beta activity from p- 32 was counted
directly and after chemical separation on heavily shielded
low background Beta counter. The count rate of the hair (in
Dis / min. / g)is determined. Correction for the decay of P-
32 should be applied as necessary. The corrected disin-
tegraion rate is plotted versus integral neutron dose from
Am 241-Be source (FIG.1)
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THRESHOLD DETECTORS FOR FAST NEUTRON
DOSE ESTIMATION

A study has been carried Qut at this department to de-
temine the suitability of severalkinds of threshold neutron
detectors to use them as accidental monitors. It is simple

•0

CO

<0
20

y = 0-87x+ 7 79

X = 1 12 y - 7 79

r = 0 99

20 40 60 M MO

DOSE(REM)

FIG.1. The corrected disintegration rate versus integ-
ral neutron dose.
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DOSIMETRY AT THE NUCLEAR RESEARCH CENTRE

The philosophy of radiation protection at the Iraqi Atomic
Energy Commission as adopted internationally by IAEA is
to keep the exposure of individuals to ionizing radiations as
low as reasonably achievable and not to exceed the autho-
rized limits [1].

Personnel monitoring systems at IAEC include:

a - personal dosimetry for externally exposed workers to
gamma and beta radiations, film badges, TLD'S and
pocket dosimeters [2].

b - Internal contaminations with radionuclides of gamma,
beta and alpha emitters (whole body counter and bioas-
say procedures respectively).

For routine personal dosimetry, film badges and TLD' S
are distributed monthly to radiation workers, while whole
body counting and bioassay determinations *e r e done
biannually and quarterly for some workers, respectively.

The recorded data obtained have indicated that al! expo-
sures were within the internationally adopted permissible
limits and no radiation exposure or contamination incidents
were recorded.

Film badges and TLD'S were routinely calibrated using
gamma source of 100 mCi.

All date were preserved and recorded for medical
and legal purposes.
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PREPARATION AND BIOKINETIC STUDIES OF
MmTC p-BUTYL-IDA FOR HEPATO BILIARY
SCINTIGRAPHY

The new " T c - lablelled hepatobiliary (HB) agents
based on N substitution of iminodiacetic acid [1,2] are char-
acterised with high degree of specificity for localization in
gallbladder with rapid extraction rates by the polygonal
cells of the liver and low excretion via renal system.

In the presence of marked jaundice and hepatic dysfunc-
tion, " T c - p - butyl - IDA was reported to be the best in
maintaining the biliary excrection [3,4]. We are unable to
find previous reports concerning the kinetics formation of
" T c - p - butyl - IDA, although, a commercial kit of this HB
te avaiable. The aim of our work is to prepare a kit ready to
be labelled with technetium eluate for scintigraphy of the
hepatobiliary system.

Gel chromatography column scanning (GCS) techniqe
was applied in the determination of technetium fractions in
the preparation [5,6]. Different parameters were investi-
gated to obtain a stable preparation of Tc - 99m - p - butyl -
IDA contains 20 mg p - butyl - IDA and Img SnCI2.2H2O at

pH 6.5 - 7.0 in the from of instant powder. The pH of the
reactants was found very critical and is sinfnificantly affect-
ing the stability of the preparation as well as the labelling
yield.

The organ distribution data showed a rapid liver uptake
of the HB agent during the first 5 min, which comprises 2/3
of the^otal administered activity (Table I). The clinical in-
vestigations revealed that 99mTc - butyl - IDA kit concen-
trated moderately well in the bile, with a rapid blood clear-
ance into hepatocytes and a very low excretion in the urine.

Table I. Organ distribution of M m T c - p - butyl- IDA

preparation4 in mice" at various time intervals
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Time after
injection
(min)

5
15
30
45
60

%0f 99m T c

Liver

A

63.2
33.5
24.7
20.0
18.2

B

62.0
32.0
23.5
19.5
17.0

- activity in the following
organs

Intestine

A

16.2
51.3
68.4
70.3
73.9

B

16.9
50.0
62.1
68.1
78.4

Kidneys

A

1.6
1.4
1.1
1.1
0.9

B

1.7
1.5
1.5
1.5
0.9

•fr Two baches of kit.
TVTV The mean of 4 mice per each time
A Preparative kit
B Imported kit

INVESTIGATION OF THE PROPER GEL TYPE TO
STPARATE TECHNETIUM FRACTIONS IN " T c -
LABELED RADIOPHARMACEUTICALS USING GCS -
TECHNIQUE.

Gel chromatography method using sephadex has been
supported by Eckeleman et al. [ 1 ] to be used for separation
of free pertechnetate, reduced hydrolyzed technetium and
labeled compounds. Gel chromatography column scan-
ning (GCS) technique using sephadex has proved to be a
relibale and simple method for determination of chemical
state of technetium - 99m fractions in labeled compound
and radiopharmaceuticals [2,3]. Darte in his work has de-
monstrated that a gel suitable for most of the radiophar-
maceuticals investigated (the molecuar wight is often
under 5000) was sephadex G - 25 [4].

The inconsistent results obtained from the sephadex G -
25 Fine gel chromatoraphy analysis of some " T c
- labeled radiopharamaceuticals with their biodistribution
behaviour encou rage us to apply different types of gel to in-
vestigate the proper gel for each type of our preparative
radiopharmaceuticals.

Six of different radiopharmacetical kits named: human
serum albumin; HSA, N - (2,6 - dimethylphenylcarbamoy
Imethyl) iminodiacetic acid; HIDA, calcuim glucohepton-
ate; GH, pyrophosphate; PYP, diethyltriaminepenta acetic
acid; DTPA, and methylene diphosponate; MDP were ev-
aluated in this study.

Six types of sephadex and one type of sepharose gels
have been investigated for the analysis of our preparative
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and imported kits of radioparmaceuticals labeled with
" Tc, using the GCS - method.

The gel column were eluated with 20 ml 0.996 NaCI for all
kits except a **Tc - HSA with 10 ml. The usual pH of eluent
is 5.3. The results obtained showed that Sephadex G - 25
Fine can routinaly be used in the radiochemal analysis of
" T c - HSA,*"'Tc- PYP,99mTc- DTPAand"mTc- HISAkits.

In case of development of *""Tc - PYP samples on the
column, the pH of the eluent (0.9% NaCI) should be 3.2 and
2.0 - 2.5 respectively inorder to get a better resolution and
to minimize the sample - gel interaction. On the other hand
Sephadex G - 50 Fine was found more efficient in the
separation of technetium fractions in 99nTc - GH and 99mTc
- MDP radiopharmaceuticals. The development of 99mTc
- MDP with 0.9% NaCI at pH about 6.0 - 6.2 showed better
than with normal saline at pH 5.3.
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vial without any further treatment. The formulation of the kit
is based upon the formation of tin (II) sulphur precolloid us-
ing carboxy methyl cellulose (CMC) as a hydrophilic stabi-
lizer.

The concentration of the reactants and conditions of the
reaction to perform the tin (II) sulphur precolloid, has been
chosen from the study of labelling kinetics of the prepara-
tion, to give a high 99mTc - sulphur colloid yield. The
Radioanalytical results were obtained from gelchroma-
tography column scanning (GCS) methods [3].

The blood clearance curve of the obtained data of the
labelled sulphur colloid in rabbits is shown in FIG.I. The
curve has been resolved into two exponential components,
represnting the fast and slow phase of disappearance of
activity from blood with biological half - times of 3 min. and
67 min. for the fast and slow component respectively.

The in vivo organ distribution the of the labelled colloid
has been achieved in mice and the results are presented in
Table I. The high percentage of administered activity
accumulated in the liver and trace amount detected in both
kindneys and gut indicates a high labelling yield and in vivo
stability of the colloid. However the insingnificant activity
observed in the lungs proves the absence of particle -
agglomerates in the preparatation and reveals the excel-
lent hydrophilic properties of CMC.
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A SINGLE-STEP 99mTc - SULPHUR COLLOID,
FREEZE - DRIED KIT: FORMULATION AND BIOKINE-
TIC EVALUATION.

Technetium - 99m sulphur colloid is a known radiophar-
maceutical for imaging the liver and spleen [1,2]. The
formation of currently used 99mTc - labelled sulphur col-
loids involves pretreatment of the different reagents com-
prising the preparation with technetium in multiple steps,
including heating to obtain the labelled colloid prior to
medical application. However, this work presents a for-
mulation for preparing a preformed sulphur colloid freeze
dried kit, to be labelled instantly with 99mTc, by adding
99mTc - pertechnetate solution to the dried content of the

Table I : Organ distribution of 99ntTc - sulphur colloid in
mice 20 min. after injection. (Average results from 6 mice).

Organ

Blood
Liver
Spleen
Lungs
Kidneys
gut

% Admin, dose/organ

1.4
90.5
2.3
0.5
0.6
1.0
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15 25 35 IS

Time/min

FIG.1. Blood clearnace curve of "To-Sulphur Colloid
kid in rabbits. The intercepts Aoand Bo, repre-
sent the zero time of disappearance of activity
from blood. (Average results of 3 rabbits).

THE EFFECT OF GAMMA RADIATION ON MACROAG-
GREGATED ALBUMIN (MAA), HUMAN ALBUMIN MIC-
ROSPHERS (HAM) AND Sn - PHYTATE KITS

Authors have studied the effect of ionizing radiation on
medicinal preparations. It was reported that absorbed
radiation doses of 2.5 Mrad are sufficient for obtaining pre-
paration sterility with a high coefficient of safety[1 ]. we de-
scribe here our results related to the effect of gamma rays
on three medical kits. These kits react with 99mTc to form
radiopharmaceuticals for medical diagnosis 99mTc - MAA
and 99mTc - HAM are used for lung scanning and 99mTc -
phytate for liver scanning.

The irradiations were carried out with Co - 60 source.
The dose was monitored using dosimeter. The preparation
of lyophilized MAA, HAM, and Sn - phytate kits were car-
ried out at our institute. MAA kits were irradiated with 0.5,
1.0,1.5,2.0 and 2.5 Mrad doses. The kits were then treated
with 99mTc0; and the radiochemical purity determined.

The results are shown in Table I. In another experiments,
after the aggregation step to get 2 mg of the acid in each

lyophilized reaction vial. The radiochemical yield was de-
termined after irradation with 0.5, 1.0, 1.5 and 2.5 Mrad
doses.

Lyophilized HAM kits were irradiated with 2.5 Mrad
doses. The microsphrese were then reacted with 99mTc
and the stability of the kits and the radiochemical purity of
99mTc - HAM were measured.

After irradiation of lyophilized Sn - phytate kits, the sta-
bility of the kits, the radiochemical purity of 99mTc - phytate
and its organ distribution were determined. The results are
shown in Table II.

The 99mTc - phytate radiocolliod was prepared in vitro
using CaCI2solution.99mTc - phytate was clinically tested in
human subjects.

The effect of gamma radiation on MAA kits depends on
the drgree of freeze - drying, purging with nitrogen and the
components of the kit.

The radiochemical yield was improved using ascorbic
acid. The radiochemical purity of 99mTc - HAM was higher
than 95% and the kits were stable for at least 70 days, with
respect to Sn - phytate kits, the irradiation did not affect
neither the radiochemical yield nor the stability. The organ
distribution in mice was affected by irradiation.

Table II shows slight decrease in liver uptake with higher
radioed bid deposition in the spleen. Irradiated and non -
irradiated Sn - phytate kits give simliar human images for

both liver and spleen using radiocolloid formed in vitro or in
vivo.
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Table 1: The effect of increasing radiation dose
on the radiochemical purity of99m Tc - MAA.

Radiation dose
(Mrad)

0.0
0.5
1.0
1.5
2.0
2.5

"Tc-MAA
(%)

99.5
93.2
84.3
75.0
59.2
57.0
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Table II: Oragen distribution of 99mTc - phytate in min.
after intravenous administration using irradiated (2.5
Mrad) and nonirradiated Sn - phytate kits.

Organ %of injected do

A B

Liver
Spleen
Lungs
Kidneys

90.98
2.09
0.55
0.64

86.30
5.38
0.26
0.50

A : non - irradiated kits
B: irradiated kits

LABELLING OF HUMAN SERUM ALBUMIN MILLIM-
CROSPHERES (HAMM) WITH 99mTc

Gamma emitting colloids such as 131I - denaturatd hu-
man serum albumin, 198Au - colloidal gold and 1 1 3 m ln-
hydroxide have been used to visualize the reticuloen-

dothelial system. These radiopharamaceuticals have not
found widespread clinical application because individual
batches of radioed loids may differ in particle size and par-
ticle distribution, human serum albumin microspheres
were introduced for lung and circulation studies [1 ]. After
that, microspheres with smaller diameters (about one mic-
ron) were prepared for studies of the reticuloendothelial
system \2\. The procedue for the preparation of the
millimicrospheres was further modified [3]. 99mTc - human
serum albumin millimicrospheres were clinically applied
and compared with other liver scanning agents [4]. we re-
port our results related to the labelling of the millimic-
ropheres with 99m Tc and the organ distribution of 99mTc -

HAMM.
40 mg of SnCI2. 2H2O were dissolved in 2ml of 5 N HCI.

The solution was diluted to 16 ml with distilled water and fil-
tered using millipor filter (0.22u). 10 mg of the, muliimicros-
pheres were placed in a reaction vial. After the addition of I
ml of phosphate buffer (PH=6.8) and 0.4 ml of the stan-
nous chloride solution, the reaction vial was shaked for ab-
out 20 min., 10 ml of the same phosphate buffer were
added and the vial was shaked just for mixing. The vial was
centrifuged for 20 min. (2500 rpm). The supernate was re-
moved except 2 ml left with the HAMM.

The reaction vial was placed in a suitable lead container
and 3 ml of 99mTc - sodium pertechnetate were added. The
radiochemical purity of 99mTc - HAMM was higher than
95%. The 99mTc - HAMM is shown in the Table I.

To our knowledge there was no procedure published in
the literature for the preparation of HAMM as a single step
kit to be labelled with 99mTc for liver imaging. We have
therefore, developed the reported procedure, with respect
to the organ distribution in mice the per cent of injected
dose in liver (78%) is high enough to allow for liver scan-
ning.

% Injected dose
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Table I: The organ distribution of "mTc • HAMM in mice
30 min. post injection.

Organ % Injected dose

liver
Spleen
Lungs
Kidneys

78.11
3.50
1.98
1.33

DEVELOPMENT OF RAOIOiMMUNOASSAYS FOR
TRIIODOTHYRONINE AND THYROXIN USING
POLYETHYLENE GLYCOL.

The determination of circulating total thyroxin (T,) and
triiodothyronine (T3) is the most important tests currently
available for assessing thyroid function.

Radioimmunoassay has proved to be a highly seccess-
ful analytical method for measuring hormones present in
serum or other biological fluids at relatively low concentra-
tions. We developed a simple, precise and accurate
methods fore the measurement of total l t and T3 in unex-
tracted serum based on the use of highly specific antisera
raised in rabbit for T4 and in sheep for T3 [1] Immunogens
for T4 and T3 were prepared by coupling the hormones to a
succinilated bovine serum albumin [2] by using carbo-
diimide. 125I - Tracers for T4 and T3 were prepared by
iodination of T3 and diiodotyrosin respectively by using
chloramine - T method [3]. The assay involves using a pra-
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tein binding releasing agent 8 - aniline -1 - naphthalene
suphonic acid (ANS) and polyethylene glycol as separating
agent [4].

The cross reactivity of several of thyronine and tyrosine
analogues for T4 and T3 antisera were studied and no signi-
ficant cross reactivity was determined in both antisera.

Within and between assay precisions were studied by
measuring serum samples with three different concentra-
tions of T4. Within - assay coefficients of variation (CV) for
analysis of 20 samples from serum with 2.4,5.2 and II.I ug/
100 ml were 5.3,6.1 and 6.4 respectively.

Between assay CV. obtained for 10 determination in
duplicate of the serum samples were 8.45, 5.34 and 4.07
respectively.

Sera from 30 patients representing various thyroid states
were assayed in both using T, our assay and established
method (Amerlex T4 kit) showed a close correlation (r=
0.974) A typical radioimmunoassay standard curves forT,
and T3 are shown in FIG. 1 and FIG. 2 respectively.
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FIG.1. Typical T4 Rl A standard curve.

FIG.2. Typical T3 RIA standard curve.

SOLID-PHASE RADIOIMMUNOASSAY OF THYROXIN

Thyroid hormones measurement has an important role
in understanding and assessement of thyroid function.
Radioimmunoassay (RIA) considered to be the best
method for determination of thyroid hormones in serum,
avariaty of Rl As for measurement of thyroxin in serum have
been developed using various techniques to separate the
bound and free tracer, these including ammonium sul-
phate, polyethylene glycol, dextrane coated charcoal and
recently, solid-phase separation procedures were intro-
duced [1 ] which can be considered to be the most suitable
procedure for routine clinical use [2] since it is simple, rapid
and ensure complete separation.

We developed a simple, precise and accurate RIA for
measurement of Thyroxin in serum or plasma, based on
the solid phase separation technique. The method involves
rabbit anti- T, serum coupled to cellulose particles using
cyanogen bromide activation procedure [3]. 125I-T4 was
prepared by cloramine-T method and used as atracer. Va-
rious types of cellulose particles were studied, these are
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cellulose microcrystailine, cellulose-D, cellulose CC31 and
cellulose CFII. Cellulose D proved to be the best one since
it has a higher binding capacity.

Accuracy and Precission Studies:

Recovery: Known concentration of T4 specimen were
mixed with T4 free serum and the mixed samples were me-
asured, results were good with a 92.88%, 108% and 133%
recovery with ameans values of 18.1,8.6 and 3.9 ug/100ml
T, respectively.

Precision: Three patients serum specimens were used to
assess withinassay precision (10 determination) mean
assay results were 16.8, 9.33 and 5.27 ug/100ml T4 with
CVs 6.8,6.05 and 8.02 respectively.

Between-assay precision was estimated by measurement
made on individual patient serum sample on 10 different
working days gave a mean results 4.3,9.39 and 19.6 T4 ug/
100ml with CVs of 10.6,10.9 and 11.2 respectively.

Correlation with other assay methods: patient serum sam-
ples were obtained from independent laboratories where
they were assayed using established RlA kit obtained from
Amersham for measurement of T4, results obtained corre-
lated very closely (r=0.968) with our assay using cellulose
D solid phase.

The simple assay protocol is as follow: 25 ul standard/sam-
ple, 500 ul 125I-T4 and 500 ul of the solid phase T, antibody
are pipetted to each tube. The components are incubated
for 60 minutes at room temperature, separated for 10 mi-
nutes by centrifugation and unbound tracer on super-
natants were aspirated from all tubes (FIG. 1).

o
ID

FIG.1. Typical standard curve using cellulose D parti-
cles.

PREPARATION OF MmTc - Sn- PYRROLIDION MET-
HYL TETRACYCLINE (99mTc -Sn-PMT) FOR KIDNEY
SCAN NING USING A FREEZE-ORIEO KIT
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Tetracyclines labelled with radionuclides were used for
diagnosis of myocardial infarction. Other authors used
99mTc-labelled tetracycline for renal and gallbladder imag-
ing, tumor detection and determination of differential up-
takes in damaged and healthy skeletal muscle. These au-
thors have mainly used experimental animals [1 ]. Zmbova
et al have indicated the advantages of using PMT instead
of tetracycline [2]. They have prepared lyophilized Sn-PMT
kits for labelling with 99mTc and applied the radiophar-
maceutical for human renal scintigraphy. They have also
studied the formation of Sn-PMT and 99mTc-Sn-PMT com-
plexes.

We describe here our results concerning the preparation
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and radiochemical analysis of 99mTc-Sn-PMT,
100mg of SnCI.2H2O were dissolved in 10ml O.INHCI. A

quantity of 1080 mg of pyrrolidino methyl-tetracycline was
dissolve in 60 ml of water. A Teflon coated magnetic bar
was placed in a multidose vial (100ml) with 52ml of PMT
solution. 1.625ml of SnCI2 solution were added dropwise
with stirring and the PH was adjusted to a value of 7.2 using
Na2HP04 solution. The solution was purged with nitrogen
and passed through sterile millipore filter (0.22um). One ml
of99m Tc eluate was added to 2ml of the Sn-PMT, the reac-
tion is then ready for use. Biogel P6 is a reliable and fast
method for the determination of 99mTc-PMT formation. The
pertechnetate fracton was well separated from the com-
plex using TLC. 99mTc - Sr. - PMT. was prepared at different
PH values and under various Sn (II)/PMT ratios. Our re-
sults related to the organ distribution in rats revealed the
important of PH value and Sn (II)/PMT contained in the final
reaction. Blood clearance curves was compared with a
commercial kit showed the clearance rate of the activity
from the blood with time and were relatively the same.

The clinical trials of 99mTc-Sn-PMT on normal volunteers
were found very useful for kidney scanning, or renal imag-
ing were promising.
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que using sephadex G-25 fine in a column was applied for
identification of the formed complex, free Tco^, and re-
duced hydrolyzed technetium. The prepared kit was com-
pared with imported kit. Biological distribution of organs of
the ready kits in freeze-dried form after labeling with 99mTc
was done in mice. Sterile-pyrogenic free kit for trial has
been used on human and proved to be good compared with
imported kit.
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Table I

PH Labelling yield

2.0
2.4
2.6
2.7
2.8
3.0
3.2

98.56
97.0
97.5
99.5
99.0
98.5
97.2

STUDY AND PREPARATION OF INSTANT KIT OF
"DMSA" TO BE LABELLED WITH 99mTc

The aim of this study was to prepare an instant kit of 2,3
dimercapto succinic acid "DMSA" with stannous ions as
reducing agent for pertechnetate eluted from 99mTc gener-
ator. DMSA kit is used as a kidney imaging agent after
labelling with 99mTc with gamma camera [1-4]. The best
ratio to get higher labelling yield was studied and found to
be 3:1 DMSA / Sn+ + with addition of ascorbic acid as anti-
oxidant. The formation of DMSA complex with 99mTc is a

PH dependent. Results in Table-I show that the required
complex was formed at PH between 2-4 with higher labell-
ing yield in the above mention ratio of DMSA/ SnCI2.2H2O.
The stability of the complex after labelling was studied and
was > 5 hours at room temperature. The shelf-life of the
freeze-dried kits was followed up to 90 days and showed
excellent stability. Gel chromatography scanning techni-

STUDY AND PREPARATION OF MDP-Sn- 99mTc KIT AS
BONE SCANNING AGENT

The 99mTc-methylenedisphosphonate has proven effec-
tive for bone scanning and has replaced 8SSr and 87mSr. In
recent years, several 99mTc-labelled phosphate com-
pounds have been developed for skeletal imaging includ-
ing polyphosphate, pyrophosphate and diphosphonate [1-
4]-

In this work a ready kit of methylene diphosphonate
(MDP) containing tin ions as reducing agent in freeze-dried
form to be labelled with 99mTc directly eluted from 99Mo-
99mTc generator was studied and developed. The best ratio
of the MDP/SnCI?. 2H?O was found to be 10/1 in a PH rang-
ing from 1 to 6. The stability of the complex with 99mTc after
labelling was studied and was > 99% four hours post
labelling, Table I.

The shelf-life of the lyopholized kit under nitrogen atmos-
phere was more than 3 months, Table II.
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The labelling yield was determined both by thin layer and
paper chromatography looking for free Tco~4 as impurities.
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Table I Effect of time on the stability of MDP-Sn- 99mTc
complex in solution

Time
(hours)

Radiochemical
purity %

0
1
2
3
4

99.68
99.54
99.44
99.4
99.3

Table II.Expirety date of MDP-Sn-kit using paper chro-
matography with 85% methanol

Time (week) MDP-Sn- "mTc labelling yield°/o

0
1
2
3
4
8
12

99.9
99.8
99.75
99.6
99.5
99.45
99.4

PREPARATION OF SODIUM CHROMATE - 5lCr BY SZI-
LARD-CHALMERS TECHNIQUE

Chromium-51 is one of the most widley used radioiso-
topes in nuclear medicine. The enrichement of 51Cr by the
szilard-chalmers process has already been studied quite
extensively using various chromium compounds [1-2]. To
improve the radioactivity yield and the specific activity of
the chromium produced, however a better knowlege is still
required on the thermal and radiation annealing of the re-
coii atoms. In this work the sizlard-chalmers process has
been studied on pbttasi'jm chromate which was irradiated
in the nuclear reactor by thermal neutrons in different posi-
tions. The chemical technique applied for separation was
to precipitate the trivalent of recoil chromium-51 in alkline

medium, then the precipitate was dissolved and the chro-
mium oxidized by sodium peroxid to hexavalent chromium.
Sodium chromate (51Cr) is used for the labelling of the red
blood cells to determine the blood volume, the life time of
the red blood cells and their renewel. It is also used for
iabelling cells like 'eukcytes, thrombocytes and molecules
like haennqiobi".. The content of the recoiled chromium
was measured by spectrophotometry. The radiochemical
purity of the final product as sodium chromate-S1 Cr was de-
termined by paper chromatography. The specific activity
obtained of Cr-51 per gram chromium of ~ 25 irradiations
processes was ~ 45 Ci/gm 51Cr. The enrichment foctor
was varied and the highest enrichment factor obtained was
around 100J, Table I.

REFERENCES

|1 ] KARIM, H.M., Int. J. of Appl. Radio, and lsotopes,24 (1973) 599.

[2] Manual of Radioisotopes Production, P. 127. Tech. Rcpt. Series No. 63,

IAEA Viena (1966).

Table I. Results of some irradiation processes of Cr-51.

No. Weight of Fly Time of Sp.Activ. Radioactive Radiochemical Radionu- Sp-Activ. of
Cr(gm) n/cm2/sec irradiation mCi/g-Cr cone. purity clidic solution

(h) mCi/ml purity mCi/mg
Enrichment

1
2
3
4
5
6
7
8
9
10
11

1
1
3
3
1
3
3
1
1
3
3

10'3

10'*
10'*
10'3

10'*
10 "
10 "
10'3

10",101*
1 0 "
1 0 "

72
72
72
72
72
72
72
<72
2x72
72
72

570
1648
97
102.3
1208
189.6
183
215
2197
146
183

0.29
3.06
0.18
0.44
1.52
0.3
0.6
0.65
1.7
0.23
0.3

95.1%
97%
98%
95%
99.3%
97.2%
97%
95.8%
99.5%
92%
85.3%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

116
43.
60.0
33
116.9
20
98.8
216
60.7
9.87
75

203
26.5
618.5
322.5
96.79
105.4
503
1000
27.6
67.6
410

a... Chemical form of product (sodium chromate) 5'Cr
b... Volume of oxidized 6*Cr equal to 18ml.
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113mln RADIOISOTOPE GENERATOR SYSTEM

Radionuclides with physical half-lives of only a few hours
are widely used for imaging applications in nuclear medi-
cine. The daughter radionuclide obtained from these sys-
tems should have low gamma-ray energy, short half-life
and the eluate containing the daughter must be relatively
free of contaminants. The tin-indium generator system
meets these conditions and is, therefore, used in diagnos-
tic nuclear medicine. 113mln-cornpounds are used for liver,
lung and tumor scanning [1,4,6].

The following method was applied for the preparation of
hydrated zirconium oxide (2,3,5). lOOmg of hydrated zir-
conyl chloride was dissolved in distilled water. The hy-
drated zirconium oxide was precipitated at 40°C by slow
addition of 0.1 M NH4OH with continuous stirring, washed
and filtered. The product was dried at 75°C for 8 hrs and
then at 125°C for 12 hrs. It was possible to get the following
ranges of particle size: 105-150,150-180 and 180-300um.
Using the sieving set, the same ranges of particle size were
obtained from commercial zirconium oxide (Bio-RAD-H30)
and from silica gel. It was important to measure zirconium
break-through as small guantities of zirconium are always
dissolved in the eluant. For this purpose spectropho-
tometric analysis was performed using Pye Unicam series
2 SP 500 in the visible region. The concentration of zirco-
nium in the eluate was measured to be equal to 41 and 32
micrograms per ml in the case of commercial and prepared
HZO respectively. The adsorption capacity of tin on hy-
drated zirconium oxide was determined by thespectropho-
tometric analysis and tracer technique using 113Sn as a
tracer.

Table I indicates the adsorption capacity of tin on HZO
and silica gel. The effect of autoclaving on the generator
systems was also studied.

The results indicate that maximum adsorption capacity
of tin on the resin is obtained when the particles are be-
tween 105-150um. The results also confirm the findings^ of
Arino and Kramer (4) with respect to adsoption capacity for
HZO and the better tolerance of silica gel for autoclaving.
We conclude that the three systems are suitable for medic-
al applications.
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Table 1. The relation between the adsorption capacity,

type of exchanger and particle size

Type of
exchanger

Commercial
HZO

Silica gel

Particle
size
fJ.W

105
150-
180-
105-
150-
180-

105-
150-
180-

•150
•180
•300
•150
•180
•300

150
•180
300

Adsorption capacity
Spectrophotometric
mg Sn/g HZO

10.5
7.7
6.5

10.5
7.5
6.7

mg Sn/g SiO?

7.2
6.1
6.0

Adsorption
capacity,
j-spectrotnetric
mg Sn/g HZO

13.0
10.1
7.3

13.1
10.9
6.5

mg Sn/q SiO2

9.75
8.16
7.8

99mTc-Na3Ca DTPA KIT, PREPARATION AND BIODIS-
TRIBUTION STUDIES

The labelling of diethylenetriaminepentaacetic acid with
technetium-99m (99mTc-DTPA) has been previously de-
scribed as a new agent for brain and kidney scanning [1].
The use of 99mTc-DTPA in renal function studies has been
applied by Atkins et al [2]. During the studies involving the
labelling of compounds with 99mTc, Eckelman and
Richards [3] found that the use of stannous ion resulted in a
rapid efficient method for the preparation of 99mTc-labelled
DTPA.

In our present study a method has been followed in pre-
paring a lyophilized kit of Sn-DTPA to be labelled with
99mTc with a high quality.

A lyophilized kit of Sn-Na3Ca DTPA has been prepared
containing 10mg of DTPA and 0.36mg of stannous chloride
at pH 4.0-4.5.

The labelling yield of the freeze-dried product after mix-
ing with 99mTcO4 eluate is not less than 98%. Gelchroma-
tography column scanning (GCS) technique using
Sephadex G-25 Fine has been applied for studying the
99mTc-fractions in the preparation^]. The formation rate of
99mTc-DTPA complex and the stability of Sn-DTPA kitwere
studied and the results showed that the kit is stable for at

least six months and more than 98% of "mTc-DTPA com-
plex was formed within 3 min. The results of organ distribu-
tion of 99mTc-DTPA preparation in mice (Table I) are in
agreement with those reported earlier. The blood flow and
the maximum time of kidney uptake in man after in-
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travenous adiminstration of 99mTc-DTPA were found to be
identical to those obtained by the commercial kits of DTPA
(CIS-CEA, Sorin, France).
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Table I. Organ distribution of S9mTc-Na3Ca DTPA in

mice at various periods of time

The stability date of the labelled complex indicate that it can
tolarate at least 4hrs without deterioration.

The organ distribution data as a function of time in mice
showed the maximum activity concentration in the kidneys
was achieved at 3 min. post injection with a rather fast ex-
cretion rate, since only about 0.3% of the administered
activity was left in the organ 60 min. after injection. Howev-
er, these findings give a potential usefulness of this com-
pound as a renal function agent.
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Time after
injection
(Min)

Per cent of administered dose per organ
Kidneys Liver Spleen Lungs

IK

3
10
30

7.35
3.75
1.25

4.30
2.80
0.75

0.45
0.30
0.10

1.40
0.68
0.15

99mTc-Cu-CITRATE: A NEW COMPLEX FOR RENAL
FUNCTION STUDIES

Because of the redox potential of Cu+ / Cu2+ system is of
the same order as that of Sn2+ / Sn4+, 99mTc-citrate com-
plex has been prepared using instantly formed cuprous
ions in the mixture for the reduction of pertechnetate. Cher-
vu et al [1 ] have used cuprous chloride for labelling DTPA
with technetium. The instability and low solubility of cup-
rous chloride in solution prompted us to investigate a
method of inducing cuprous ions in the mixture, to be used
for preparing 99mTc-radiopharmaceuticals.

Few reports as yet been found in the literature which take
up the conditions of 99mTc-citrate formation or its stability in
the final preparation. However, in this work we intend to
study in detail these parameters, using gelchromatography
column scanning (GCS) method [2]. The experimental re-
sults have shown that not less than 3mM cuprous ions and
40 mM citrate were found necessary in the preparation to
achieve a high labelling yield. The formation rate of 99mTc-
Cu-citrate as a function of time in the preparation obtained
from GCS profiles is shown in FiG 1. The relatively slow
binding rate of 99mTc-activity with the citrate illustrates the
formation of Tc (V), which is the chemical state of the tech-
netium in citrate Complex [3]. This is in contrast to the fast
reduction of pertechnetate to Tc (IV) in 99nnTc-Cu- EDTA.

o

I

I

10 -

5 10 15 20

column-length/cm

FIG.1. The rate of formation of T c - C u - citrate com-
plex at different times after its preparation as
obtained from GCS - profiles.
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CALCULATION OF NUCLEAR COLLECTIVE FLOWS
FOR SOME NUCLEI IN THE CRANKED HARMONIC
OSCILLATOR MODEL

Recently, an exact solution for the cranked triaxial har-
monic oscillator model was presented by Glas et al. [1 ] in
coordinate space. This solution was used in a previous
work to calculate single-particle currents at high angular
velocities. This has motivated the present work, where the
calculations are extended to real rotating nuclei, taking
acount of self-consistency conditions [2].

Using previous results and the fact that the total nuclear
current is given by:

J f r > =Zi $Hr) I i = <"

We obtain, after some manipulations

1

113),

r-rr
•TiYP yz

where all quantities are as defined in ref. [2]. The equation
expressing the angular mamentum in terms of co and the re-
lations of self-consistency are again those of ref. [2].

A computer programme based on the above set of equa-
tions was used for calculating the velocity fields and nuc-
lear density contours as functions of co. The two nuclei Ne20

and Gd154 were chosen as representative of light and
heavy nuclei^respectively. The first step in the calculations
is the determination of the quantum numbers (n,, na, n3) for
all configurations of both nuclei lying on the yrast line. Then
the calculations proceed along the lines of ref. [2].

In FIG.1 we present typical results for the nucleus Ne20

corresponding to the L = 2 and 6 states with configuration
(000)4 (100)4 (010)4 (001 )4 (020)4. FIG.2 presents typical
results for the nucleus Gd154 corresponding to the L = 86
and 90 states with configuration [S,] [SJ (050)2 (005)2

(104)2 (014)2 (041 )2 (113)2 (122)2 (023)2 (032)2 (006)2

(015)2 where [SJ, [SJ are some filled configurations. The
aim of both types of calculations is to compare the chang-
ing character of the collective flows calculated in the pre-
sent exact model for different representative states lying on
the yrast line.

It is concluded that the present exact model gives a ver-
satile scheme for calculating collective flows of rotating
nuclei. The general nature of the flow in the present model

shows a vortex structure. Also, the effects of high angular
momentum on the flow can be studied successfully.
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FIG.1. The calculated velocity field and density con-
tours for the nucleus Ne20 in the Y-Z plane. The figure
uses units = such thaffc = m = cox = 1. The velocity
field co xT is subtracted for ease of comparison with
rigid-body flow.
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FIG. 2. Same as (FIG 1.) but for the nucleus GD154 in the
X-Z plane. Units used are such that fi = m = wy = 1.

The spectra of deformed nuclei have been studied for a
long time in terms of nuclear collective models. Different
models were devised for the study of different phenomena.
Recent developments in nuclear physics have paid much
attention to the unitary group U(6), which has been intro-
duced in various ways. One way of introducing this group
leads to the interacting boson model (IBM) of Arima and
lachello [1] whose Hamiltonian is that for interacting
bosons created by coupled pairs of fermions. Different
methods, based on different relevant irreducible repre-

sentations of subgroups of U(6) as basis states have been
suggested for solving the IBM Hamiltonian [1,2].

In the present work we assume a Hamiltonian operator of
the form

H = H S U ( 3)

where r y is number operator for d-bosons.Hgrjpjisthe
well-known SU(3) Hamiltonian [1] and e is a boson energy
parameter. The above Hamiltonian is suitable for studying
vibrational SU(5) nuclei and rotational SU(3) nuclei and
transitions between them. Instead of calculating the matrix
elements of H according to the group chain U(6)=> U(5) =>
SO(5) => SO(3) => SO(2) and then trans orming to the group
chain U(6) 3 SU(3) 3 SO(3) => SO(3) => SO(2) through a
numerical diagonalization procedure [3], we propose here
an alternative approach. It is based on calculating the mat-
rix elements of the operators under consideration in the
canonical Gelfand basis for U(3) corresponding to the
chain U(6) 3 U(3) 3 U(2) 3 U(1) then transforming to the
Bargmann-'Moshinsky orthogonalized SU(3) states by us-
ing the well-known transformation brackets between the
two basis [4,5]. The whole scheme is translated into aflexi-
ble computer programme.

The present scheme is subjected to a validity check by
comparing its predictions with the predictions of the exactly
solvable extreme phonon model whose Hamiltonian is

H = £ l\j.ln our case, we have repeated the calculations
for this Hamiltonian up to a total number of bosons N = 7.
The spectrum thus obtained agrees completely with the ex-
act result E n ,=6113 as s h o w n i n F I G 1 a l o n 9 w i t n t t i e de-
gree of degeneracy of each state. This agreement justifies
the validity of our formulation of the IBM and guarantees
the absence of errors in all formulas and computational
procedures employed so far.

We found it also of interest to compare the predictions of
our IBM formulated in SU(3) basis with the predictions of
the conventional IBM formulated in SU(5) basis [1j, and
with the predictions of the standard Bohr-Mottelson
geometrical model for collective excitations [6]. For this
purpose we studied th& structure of the low-lying energy
levels of the even-even Sm isotopes. The results of diago-
nalizing the Hamiltonian in SU(3) basis are depicted in the
usual manner, along with the experimental data, in FIG.2.
The agreement is as good as before [7].
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APPLICATION OF THE ANISN CODE FOR CELL AND
GLOBAL NEUTRONIC CALCULATIONS

In the present study the ANISN code [1 ] is used to gener-
ate cell constants for both diffusion and transport calcula-
tions. The cell calculation could be performed with no
limitation on the geometry and spatial distribution, or
boundary conditions or the number of energy groups.

Moreover, the averaging of the diffusion coefficient was
performed by averaging the diffusion coefficient
(D = 1/3 Slr) in the corresponding zone, and the cell diffu-
sion coefficient was calculated from

LI zone

v

where V is the volume fraction of zone i in the cell.
This method has been proved to give better result than

that obtained from different cell codes.
The ANISN calculation allows using the recent multig-

roups cross section values generated from ENDF / B IV
[2].

One dimensional calculations using ANISN code for the
17-Tammuz reactor were performed using the cell con-
stants generated previously.

The buckling concept was discussed and the results of
using group and zone dependent buckling values obtained
from two dimensional Sn calculation, gives values for Kell

comparable to the values obtained in two dimensional cal-
culations. This result encourages the use of ANISN global
calculation where higher dimensions would be expensive.
Cases which might make use of such possibility are those
of local perturbation due to the presence of experimental
settings or measuring instruments.
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BURN-UP CALCULATIONS FOR TAMMUZ-1 REAC-
TOR IN THREE DIMENSIONS

Complete burnup calculations in 3-dimensions have
been carried out for TAMMUZ-1 reactor using the depletion
code TRITON [1 ]. Results have been compared with both
the results mentioned in [2] and with those of the two-
dimensional depletion code EREBUS [3]. The burnup cal-
culations mentioned in [2] were calculated by the indirect
method [4], in which a two-dimensional code DAIXY was
used with macroscopic cross sections obtained from the
code APOLLO tabulated for different burnup percentages
of the fuel used. The values of cross sections for a certain
burnup rate are then obtained from these tables by non-
linear interpolation using fitting parameters known from ex-
periments and practical experience with the reactor. Table I
shows a comparison between the results.

The indirect method used in [2] involves many approx-
imations, namely:

(a) tabulated macroscopic cross sections for increasing
specific burnups are calculated as cell-averages in
terms of an infinite lattice using APOLLO code, which
means that the surrounding fuel elements (new fuel ele-
ments in the vicinity of more or less depleted fuel ele-
ments) and their influence on the individual cell are not
taken into consideration.

(b) the calculation of cross sections of the fuel during de-
pletion is based on one dimension, parallel to the fuel
plate (X). This postulates a uniform burnup for the trans-
verse Y-and Z-directions which is not true.

(2) the DAIXY calculation from which the burnup rates are
deduced is performed in two dimensions assuming a
uniform burnup in the Z-direction.

(3) the axial buckling in the vertical direction was supposed
constant during the fuel cycle.

(4) all the six control rods were assumed fully raised,
whereas in reality this case can only be treated in 3-
dimensions to take into account the rod movements.

(5) evolution of the power map, production of energy and
burnups during the second, third and fourth cycles are
simply assumed the same as during the first 35 days of
the first cycle, i.e. during tjjje evolution to the equilibrium
core (fifth cycle) intermediate cycles of the fuel are not
calculated but deduced from the first cycle.

Consequently, for a given burnup the isotope concentra-
tions calculated by the indirect method [2] are not the same
as those calculated by the depletion codes EREBUS or
TRITON which explains the differences in the results in
Table I.

The availability of practical experience with specified
reactor type, makes the indirect burnup calculation method
suitable concerning computer time and accuracy. Never-
theless, a two or three dimensional depletion code might be
needed.
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Tablet. Mean Burnup Rate

Method

Indirect
Method
Ref./2/

Erebus

Code

Triton

Code

^ s . Fuel
^ v ^ T y p e

EFPD ^ \ ^

15
30
45

15
30
45

15
30
45

16.27 gm

U235/

Plate

7.06
14.11
21.21

6.99
14.04
21.00

7.33
14.70
22.05

13.18 gm

U235/

Plate

5.80
11.64
17.65

7.05
14.31
21.50

6.91
13.98
21.09

11.56 gm

U235/

Plate

6.95
13.86
20.74

6.88
13.78
20.52

6.57
13.13
19.68

9.2 gm

U23S/

Plate

6.87
13.56
19.60

6.74
12.91
18.64

5.75
11.04
16.11

Control
Rod
Follower

7.03
14.06
21.10

6.97
14.07
21.09

7.25
14.59
21.98

Whole

Core

6.71
13.39
20.00

6.93
13.85
20.60

6.77
13.52
20.24

EFPD : Effective Full Power Days
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CORE THERMOHYDRAULIC CALCULATION FOR MTR
REACTOR USING COBRA3C

The utilization of the subchannel analysis code
COBRA3C [1] for the thermohydraulic calculation of the
MTR reactor is presented.

The major difficulty is that the MTR has plate type fuel
which should be simulated by equivalent rods. The modell-
ing of the reactor channels for the 17 Tammuz reactor and
complete core thermohydraulic calculation for normal and
marginal operational conditions were performed. The
choice were made for the suitable correlations from those
available in the code. However, some correlations for the
boiling crisis was supplied by the user.

The results of the calculation give the temperature dis-
tribution in the fuel plates, the safe limit of operation, the de-
tection of local boiling if present.

A section of the coolant channels in the hottest part of the

fuel element was considered.

The value for average power density considered in the
thermal design report [2] together with values for hot
screen factors of 1.9,2 and 2.1 were considered in the cal-
culation.

Some results of the calculation for different mass flow
are summarised in Table I. This table shows that in nor-
mal as well as marginal operational conditions the fuel
maximum surface temperature lies far below the boiling
temperature.

REFERENCES

|1|ROWE.D.S.

COBRA3C : A degilal computer program for steady state and transient

thermal hydraulic analysis of rod bundle nuclear.

BMWI.-1695 March 1973.

|2| Tammuz 1 and Tammuz 2 thermal design study T43RS Pol, IAEC

Table I. Summary of thermohydraulic COBRA3C calculation for mass flow equal 3.66 MLB / H. SQF.

Parameters
Maximum heat flux
Btu/SQF

Parameter values at
inlet temperature of

104°F 113°F 122°F

average water
temperature

maximum surface
temperature of
fuel plates

maximum fuel
temperature

surface boiling
temperature

0.16
0.302
0.309
0.336

0.16
0.302
0.309
0.336

0.16
0.302
0.309
0.336

0.16
0.302
0.309
0.336

110.08
115.47
115.74
116.77

138.2
168.5
170.0
175.8

141.5
174.8
176.5
182.8

264.8
271.3
271.9
272.4

119.08
124.47
124.83
125.77

147.2
177.5
179.0
184.3

150.5
183.8
189.8
191.8

264.8
271.3
271.9
272.4

128.19
133.55
133.82
134.85

156.2
186.5
188.0
193.3

159.5
192.8
194.4
200.8

264.8
271.3
271.9
272.4
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THE DETECTION OF CLADDING RUPTURE IN IRT - M
FUEL ASSEMBLIES WITH THE DELAYED NEUTRON
TECHNIQUE

In the case of noticable increase in reactor core activity
that might indicate a cladding rupture in one of the fuel ele-
ments, it is imperative to locate and remove th& fuel ele-
ment in question from the reactor core.

This paper describes the functioning of a fuel cladding
rupture detection system (FIG.1) which continuously with-
draws the water from a single fuel element, while the reac-
tor is operating at 100 KW, and registers the delayed neut-
rons in a detection system composed of four BF3 counters
imbedded in polyethelene.

The water flow rate was adjusted to give a thirty seconds
transit time from the fuel element to the detection system
taking into account the delayed neutrons half lifes and
background considerations.

The absolute measurement sensitivity of the detection
system was determined from another work [1 ].

The delayed neutrons count rate from each fuel element
was weighted by the neutron flux in that fuel element (mea-
sured with self powered neutron detectors) to the average
flux in surrounding fuel elements.

If the measurement of a fuel element exceeds by a factor
of five the average readings of the adjoining fuel elements,
then it is quite probable that a cladding rupture has occured
in that particular fuel element [2].

A scanning of all the fuel elements, in a preliminary test of
the detection systems, after a noticable rise in activity on
top of the reactor pool gives indications tliat two fuel ele-
ments have readings that exceeded by a factor two to three
the average expected reading and these have to be re-
moved from the core as a precautionary measure.

Scanning of two subsegment reactor loadings did not in-
dicate any abnormalities.

REFERENCES

111 Technical Note. T 58 NTALO2, CEA, FRANCE.

|2|WAGONGNE.Y..

DRG CERBAC Boucle Type IRENE - ETALONNAGE Du Bloc DND.

T

VEASUR-
EMEKT

(1) IH-CMC SUCriOK TOM
(2) SAHFLING LIME
(3) SHieLDIMC DEVICE
w XV-FOOL smnine LINTS
(5) SAHPLINB AM) SEIECTIOH
( « DETICTIOH W I T « T D M

FIG.1.

GENERATION OF MULTIGROUP LIBRARIES : FAST
ANDTHERMAL

A fast multigroup libray with 69 group structures have
been generated using the program SUPERTOG [1], and
the ENDF / BIV [2) cross section files.

Some results obtained in the present study have been
compared with other works and libraries. Table I shows
the resonance integrals for some elements and compari-
son with different previously calculated values. Some de-
viation is to be observed since the cut off energy in the pre-
sent study is 0.414 eV and in the other works it was 0.5eV.

FIGS. 1 - 4 give total cross section calculations using
SUPERTOG and compared with LAMP library [3]. Except
for Pu240, the results coincide, the present calculations are
considered to bo more accurate.

For the thermal library, the program ETHEL was used.
The aim of producing a thermal library is to extend the
THERMOS library [4] and update it on one hand and to
generate a thermal multigroup library for RSYST [5]. A list
of the elements with their identf ication numbers available in
the generated thermal library is included in the report.
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Table I. Resonance Integral For Some - Elements Compared With Different Methods.

Material
Name

SM - 1 4 9

DY - 164

Lu - 175

Ta - 181

Au - 197

U - 234

Pu - 242

W - 182

W - 186

ENDF/B
BNL

3187.0

328.4

642.1

718.5

1590.0

629.9

1116.0

591.7

485

0.5 ev

MUFT(W)

3293.0

328.4

644.6

721.8

1594.0

631.6

1120.0

593.8

485.1

SUPERTOG

3185.0

328.5

646.6

722.3

1599.7

632.5

1119.6

594.2

488.1

0.414 ev

SUPERTOG
(present work)

3315.0

403.33

643.28

739.30

1567.80

632.34

1125.5

596.99

519.89
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IMPLEMENTATION AND APPLICATION OF THE CODE
WIMSD4

The WIMSD4 code is an updated and improved version
of the code WIMS (Abb. Winfrith Improved Multigroup
Scheme). The code performes lattice cell calculation for
different reactor types and treats a cell which is consisting
of plates, rods or spheres in either regular arrays or in clus-
ters [1,2].

The code WIMSD4 has been tested with most of the sup-
plied test examples without any real difficulty, although
these examples contain different calculations in reactor de-
sign and operation for a variaty of reactor types.

In the present study other calculations have been per-
formed for few group cross sections for the 17 Tammuz
reactor (MTR fuel type).

For different cell components (fessile region, Boron side
plate, last plate), the results of this calculation is satisfac-
tory taking into consideration the differences in basic cross
section libraries which might lead to different values of few
group cross sections.

The code has been also used to calculate cross sections
for 14 - Tammuz reactor (IRT - M fuel type). The agreement
between the results and the values of the designer were
good.

In addition to the above applications, the code has been
used to calculate the macroscopic cross section for pure
water which is used as reflector in research and power
reactors, the results of this calculation were satifactory.

The speed and good results obtained by the code in
reactor calculation for different reactor types and its con-
tainment of wide capabilities make the code more ad van-,
tageous over other cell codes.

REFERENCES

(11HALSALL, M. J., ASummary of WIMSD4 Input Options', AEEW-M1327

July 1980.

|2) ROTH, M. J., MACDOUGALL, J. D., KEMSHELL, P. B., 'The Preparation

ot Input Data tor WIMS'. AEEW 538 1967.

9

1
2
3
4

1
2 •

4 - Group Constants for H2O

0

2.3096
.7941
.5585
.1518

a

5.2484 10"
2.120410"7

9.318410"
.1911 Iff1

9^9 + 1

1.0625 10-'
1.554810'
1.392510"'
0.0 "

2 - Group Constants for H,0

1.2362
.1518

4.9794 10"
.1911 Iff1

4.7375 10"3

0.0

THE IMPLEMENTATION OF THE PROGRAM SYSTEM
RSYST ON THE IBM 370/135 OF IAEC

The modular program system RSYST which consists of
149 modules for reactor core and shielding calculations,
has been supplied to the center through NEA data bank.

The RSYST system has special features : Modular de-
sign - central data base (3 direct access libraries two
permanent and one temporary) - Automatic datamanage-
ment - Open ended design - Compatibility with available
standard codes which can be easily integrated into the sys-
tem - Flexible control of module sequences - Modular prog-
ramming in fortran. Some technical difficulties were en-
countered in the implimentation of the system on the IAEC
computer. These are summarized in the following :

1 - The magnetic tape supplied by the NEA was a copy
from disks using the IBM utility IEHMOVE. In orderto re-
copy the tape to Disks in our installation, one has to use
the utility IEHMOVE with specified 'DCB Parameters'
which were not correct. Later we have corrected them
and the copying process were successful.

2 - The define file statements for the three direct access
data sets required by the system have to be corrected in
the program to be consistent with the JCL for running
the system.

3 - Modification in the linkage procedure has to be made to
allow for the different compilers used in the NEA and
that available in the center.

4 - Some modules have to be modified like the module
PLOT.

The report includes the English text for the RSYST sam-
ple inputs with physical explanation for each example. This
was found useful since the sample inputs usually include a
sequence of modules, its relevance to the specific example
was not clear to the beginners who are not acquainted with
the RSYST system.

All the RSYST sample problems run successfuly on our
installation, some without problems, the others with some
moditication on the inputs. The outputs for these sample
problems are documented.

It is worth mentioning that the thermal RSYST library is
not complete; data for some important elements like O, Al
are missing. Nevertheless, the data for these elements
could be obtained by calculation using modules available in
the RSYST system.



INTERCOMPARISON BETWEEN THE THREE DIFFE-
RENT OPTIONS USED IN THE MONTE CARLO CODE
KENO - IV TO TREAT REACTOR REFLECTORS

The Monte Carlo code KENO - IV is a multigroup critical-
ity program that is able to handle complicated geometries
in three dimensions [1 ]. The code has three libraries based
on 16 energy groups for different reactor materials,
namely : (a) cross section library (b) weighting function lib-
rary and (c) albedo library. In case the reactor system is
composed of a core and a reflector, the treatment of the re-
flector by the code can be perfomed in one of the three fol-
lowing options : either by using (i) the albedo library or (ii)
the weighting function library or (iii) an average constant
weight of value 0.5.

In the present study the effect of the above mentioned
options for treatment of the reflector upon Kotf has been de-
monstrated. As a model, the IRT - 5000 reactor has been
chosen.

Calculation for a typical two dimensional case described
in [2] as core configuration N7 has been carried out. In this

case all control rods were totally withdrawn from the core.
Separate calculations for each of the three above men-
tioned options for the treatment of the reflector have been
performed. The results are summarized in Table I.

The albedo option gives the result in a shorter time, but
because it gives incorrect values for the neutron life time
and generation time, the weighting function library is pre-
fered. The average weight value of 0.5 can also be used, if
no weighting function library is available, since it gives also
satisfactory results but in a longer time. The agreement be-
tween the value of Kell = 1.057 mentioned in [2] and the

values of Kall in the table lies within the statistical error of
Monte Carlo.
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Table I.

Keff

computer time
per generation

neutron life
time in sec.

generation
time in sec.

weighting func.
library

1.0415+0.0108

13.2 min.

(1.776+0.323)10-4

(4.451+0.009)10-5

average weight
value = 0.5

1.0204K).0139

19.2 min

(1.264+0.0289)10-4

(5.448+0.0729)10-5

albdeo
library

1.0456+0.0134

10.5 min.

(0.658±0.0064)10-4

(4.877±0.0381)10-5

INTERCOMPARISON OF DIFFERENT METHODS POR
CRITICALITY CALCULATION OF MTR - REACTOR
TYPE

Criticality calculations for MTR - reactor type have been
performed using different computer codes namely: DAIXY,
TRITON and KENO - 4. The results have been compared
with DOT3.5 calculations [3]. The study is aimed to assess
the applicability and the capability of each of the above
mentioned codes for this type of calculation.

The cell parameters used in the study have been gener-

ated using a combination of the codes GGTC [1] and
ANISN [2]

The comparison between the results of the different
codes are presented. The parameters of interest in this
comparison were : (a) the flux and power distribution in
both X -. and Y - directions, (b) the effective multiplication
constant, and (c) computer time required.

The study of the flux distributions showed that: (a) diffu-
sion theory failed to give the thermal flux depression in the
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absorber as the Sn - or Monte Car'o method, (b) diffusion
approximation gives higher fast and thermal flux values in
the water hole inside the absorber.

A comparison between the computer time and the values
of Ksll as obtained from the different codes is given in Table
I. In this tabel we considered the deviation in Kell relative to
the value obtained from KENO - 4 [4], because it is the only
one that is computed in 3 - dimensional geometry and with
P, - approximation.

The computer time in minutes is related to the IBM - 370/
135, which is relatively not a fast machine. Both DOT 3.5
and KENO - 4 codes are run in restart mode.

We concluded that the two - dimensional diffusion codes
are the best for the routine and operational problems (error
under the 5% limit), while for design and safety analysis as
well as for absorber reqions the Sn - or Monte Carlo method
have to be used.
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Table 1.

Code

Relative
deviation in

Computer time
in minutes

Relative
computer time

DAIXY

1.0682

-3.5%

20

1

TRITON [5|

1.0801

- 2.4 %

210

10.5

DOT 3.5

1.0820

-2.2%

450

22.5

KENO-4

1.1069 10.0029

0.0%

1350

67.5

NEUTRONIC CALCULATION USING DOTS 3.5 CODE:
APPLICATION TO MTR REACTORS

Neutronic calculation using the DOT3.5 code [1 j is per-
formed on MTR reactor in order to explore the applicability
of the code to such calculations. The DOT 3.5 is a transport
code which uses the method of discrete ordinates (Sr

method). Usually the transport method is used in the global
reactor calculation as a check on the routine diffusion
theory.

The different options of the code have been tested, these
are:
- The combination of diffusion and transport calculation.
- Anisotropy, namely isotropic and linear anisotropy.
- The flux calculational model.
- Choice of mesh points.
- Convergence acceleration technique.

Some of the above options have been studied on a small
problem (one cell) and others on a real MTR core.

The experience with the DOT3.5 code on the Nuclear
Research Centre Computer for the core calculation could
be summarised as follows :
- In order to keep each computer run within a reasonable

computer time there should be an optimum choice of
number of inner iterations in each outer iteration. The
number 20 inner iterations per group was found suitable
in our case.

- Using the zone convergence option with a larger value
for the convergence criteria epsilon (Eps) in the less im-
portant core outer regions which have less effect on the
criticality and where the convergence is normally poor,
was found to reduce the computer time with a large fcc-
tor.

- It is recommended to use the diffusion option to generate
a flux guess for the subsequent transport calculation,
since this was found to reduce the computer time to
reach convergence.

- The space dependent scaling acceleration technique
was found to give better results.

- The choice of the convergence acceleration technique
and the flux calculational model were found to affect
drastically the convergence and the flux accuracy.

A comparison between the KeIt obtained for MTR reactor
using DOT3.5 is made with that obtained using DAIXY,
TRITON and KENO - IV codes (Table I).
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Table I. Multiplication factor of 17-Tammuz cere obtai-

ned from different codes calcuiations.

Code DOT3.5 DAIXY TRITON KENO-IV

1.082 1.0682 1.0801 1.1069x6.0029

Relative deviation 0.0% -1.27% -.17% 2.3%

Computer time in 450 20 210 1350
minitue

Relative computer 22.5 1
time

10.5 67.5

THE STUDY OF CLADDING RUPTURE IN IRT - M FUEL
ASSEMBLIES BY DETECTING GASEOUS FISSION
PRODUCTS

The detection system desribed in this paper includes a
Germanium detector and a measuring system connected
on line to an IN - 90 minicomputer (see FIG.1).

The set up continuously monitors gaseous fission pro-
ducts present in the air extracted from the reactor pool.

The detection system performs the following :
1 - The analysis of gamma - ray spectra emitted from

gaseous fission products and the determination of their
concentration.

2 - Continuous determination of change in concentrations
of gaseous fission products during the reactor opera-
tion.

A computer program, MATE, written in LEM - 2 language
processes the data acquired every two hours during Tam-
muz -14 reactor cycle (72 hours). At the end of each pro-
cessing She computer gives information in the form of a
table indicating the status of IRT - M fuel assemblies.

The results obtained so far indicate that there is no clad-
ding rupture in IRT - M fuel assemblies.

It was found that concentrations of gaseous fission pro-
ducts, such as Kr, and Xe, are within normal concentrations
during the computer cycle of reactor operation.
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THREE DIMENSIONAL CALCULATION OF CRITICAL
AND SUBCRITICAL ASSEMBLIES USING KENO IV
CODE

Criticality studies were made on three - dimensional
geometry using the Monte Carlo program KENO IV [1 ] with
the built - in Hansen - Roach 16 group neutron cross sec-
tion sets. The verification of the code was made using the
'Critical Three Dimensional Arrays of U (93.2) - Metal Cylin-
ders' [2]. The agreement was good between the calculated
and the benchmark values.

Two practical applications were considered for the cal-
culation, namely; design of a subcritical assembly and criti-
cality calculation of thermal research reactor. KENO IV re-
sults of Kel) of four subcritical assemblies of different fuel
types (U - metal and UO2)and enrichments (4% and 0.72%)
compares reasonably well with values of the same cases

obtained by different techniques as shown in Table I.

Criticality calculations of Iraqi Research Reactor IRT -
5000 of certain loading by KENO IV resulted in K^ value of
1.098 ± 0.007 which compares extremely well with the
benchmark [3] value of 1.108. The calculated neutron flux
distribution in the core could not be compared with the
benchmark distribution because the cut - off points of the
thermal energy group in both methods are not the same.
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Table I. Comparison of KtH values of subcritical assemblies calculated by KENO IV program and other

techniques.

Enrichment

4%
4%

0.71%
0.71%

r
(cm)

0.4
0.55

0.4
0.55

h
(cm)

26
26

80
76

pitch
(cm)

1.8
2.2

1.4
1.8

Array
dimension

13x13x1
10x10x1

48x48x1
34x34x1

KENO

0.9
0.9

0.84
0.84

Other[3J

0.915
0.88

0.825
0.83

r = radius of the fuel rod
h = height of the fuel rod

A TWO DIMENSIONAL BURNUP CALCULATION OF
AN MTR REACTOR CORE

A full two - dimensional core depleteion calculation was
made using the reactor code CITATION [1] of an MTR
reactor core.

Two different sets of microscopic cross sections
appropriate for all relevent core materials were generated
by GGTC-ANISN codes.

A detailed calculation of isotopic changes of core com-
position resulting from reactor operation was made, and

the results were in fairly good agreement with those re-
ported in a benchmark core study [2] of an MTR reactor.

Criticality calculations were also made using a two
dimensional code DAIXY [3] and an identical geometry
mesh to that used in CITATION.

Interestingly, it was noted that when using a set of re-
ported [2] macroscopic cross sections of burnt fuel in
DAIXY, 60% of the CPU time usually needed for CITATION
to calculate KeB was saved.

Relative Error values, (R.E.) listed in Table I confirm the
possibility of using the depletion option of code CITATION
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in calculating fuei depletion in MTR reactor cores.
However, one may notice that relative error values seem

to increase with increasing time, which might be due to the
rather large intervals used at constant power without alter-
ing control rods positions.

In spite of all this, our results were in agreement with
those previously reported [2]. Our KeH values were also in
resonable agreements with the previously reported results
as indicated in Table II.
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Table I. Comparison between calculated total mass of

Us(g) at different EFPD and the data B.

EFPD

0
27
54
81

B

9470.7
8338.5
7223.6
6110.0

S

9473.1
8346.7
7136.5
5931.1

A

9472.7
8347.2
7138.1
5928.7

R.E.%

0.03
0.10
-1.21
-2.94

R.E.%

0.02
0.10
-1.18
-2.98

B: data [2].
S : data for DAIXY calculations
A : for 1 - dim. burn - up.
EFPD : Effective Full Power Days.

Table II. K(H values of the three sets of cross sections

used.

Library
set

Code

\
\

B

S
A

DAIXY

1.03230

1 04570
1.31450

CITATION

1.02430

1 04752
1.04845

Relative Error %

DAIXY
calculation

-1 3
1 72

CITATION
calculation

-2.27
-2 36

UTILIZATION OF HEAT TRANSFER AND THERMO-
HYDRAULIC CODES IN REACTOR CALCULATION

Heat transfer in one - and two - dimension for tempera-
ture distribution calculation in plate type fuel has been per-
formed using an international code such as Heating - 5 [1 ].

A preparation of thermohydraulic code dealing with the
departure of nucleate boiling in MTR fuel type - pressurized
power reactor is utilized by converting a program written in
FORTRAN - II to FORTRAN - IV and the resulted program
has been successfully tested using a sample problem [2].

Heating - 5 code has been tested using a sample prob-
lem of Ref. [4] and the results are plotted in FIG.1 and it is
found that the relative error of temperature value at the cen-
ter of the fuel plate is 0.70% and at the surface of the clad is
0.35%. Also, the temperature distribution in case of con-
stant and variable heat transfer coefficient in order to show
the maximum distance deviation from the central point of
the fuel element and the surface as a function of axial dis-
tance is shown in FIG.2.

The temperature distribution in IRT - M most inner fuel
ring considering the heat flux of 0.51 x 106KCal/hr.m2and
inlet temperature of 45°C has been performed and the re-
sults are plotted as shown in FIG.3. Also, the temperature
distribution in IRT - M most inner fuel ring considering

750KW/m2 heat flux and inlet temperature of 30°C on
assumption of constant heat transfer coefficient with bulk
temperature of 39.1 °C at z = 32.25 cm and bulk tempera-
ture of 40°C at z = 34.80 cm has been calculated and the

results are plotted as shown in FIG.4. The relative errors as
compared with the results of Ref. [3] are 0.57% at the cen-
tral point and 0.12% at the surface point for bulk tempera-
ture of 39.1 °C at z = 32.25 cm and 0.8% at the central point
and 1.156% at the surface point for bulk temperature of
40°Catz = 34.8cm.

In present work, it is found that for heat flux of 750KW/m2

the maximum distance (Zmax = 32.25 cm) gives a bulk

temperature of 39.1 CC as shown inFIG.2while using the re-
sults of Ref. [3] for heat flux of 750KW/m2 and bulktemper-
ature of 40°C, the calculated maximum distance is Z r a =

34.8 cm. This shows a discrepancy between our results
and that of Ref. [3] which can be related to use of different
correlation of heat transfer coefficient in present computa-
tion and that of Ref.[3].
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XENON AND SAMARIUM POISON CALCULATION FOR
TAMMUZ-14 REACTOR

The conentration and the antireactivity of Xenon and
Samarium for fresh load of Tammuz -14 reactor have been
calculated at different reactor powers, i.e. 1,2,3,4 and 5
MW during reactor operation using POISONS - Code [1].

Also, the concentration and the antireactivity of Xenon and
Samarium after the shutdown of the reactor, considering
the following time intervals 5,10,15,20 and 72 hours of op-
eration and at the same power levels mentioned above,
have been calculated.

Some of the neutron constants for Tammuz -14 reactor
have been calculated using DAIXY - code as listed in Table
I. Also, the integral thermal flux for Tammuz -14 reactor
core has been calculated at different powers using DAIXY -
code and listed in Table II.

FIG.1 and FIG.2 show some results of program
'POISONS' for different operation powers and for the shut -
down after operation period of 72 hours at different powers.
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Table 1.

D

0.22033

Table II.

a (fuel)

0.07392

Power
MW

a (total)

0.09358

f L2

0.78988 2.98068

Thermal Flux
n.cm"2. sec'1

f /(UL2B2)

0.67095

1
2
3
4
5

0.935 x 1013

1.870 x 1013

2.806 X101 3

3.741 x 1013

4.676 x 1013

P = SMW
P=4MW

P3MW

= 2MW

P = 1MW

= 1MW

= 2MW

= 3MW

5MW

60 80

p _

p =

p=

p =

HOUR

M

1MW

2MW

3HW
4MW

5MW
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APPLICATION OF X - RAY FLUORESCENCE SPEC-
TROMETRY TO DETERMINE THE ALLOYING ELE-
MENTS PRESENT IN ALUMINIUM, ZIRCONIUM AND
IRON ALLOYS

X - ray fluorescence analysis generally is conducted us-
ing standard samples similar in concentration and form to
the unknown. It is well known that problems arise when the
X - ray is absorbed in different ways by the samples. In
general, the largest absorption effect is shown by elements
which are close to each other in the periodic table classi-
fication owing to the relative proximity of their characteristic
lines and absorption edge [1 - 4].

FIG.1 illustrates the above problem with specific refer-
ence to the elements chromium, iron and nickel (which are
present in our samples) and shows the absorption edge
and Kn lines which fall between 1.4 - 2.4 A0. It seems from
FIG.3that in the case of iron.chromium mixture we expect
that iron is strongly absorbed by chromium, because iron
Kt line lies very close to the chromium absorption edge.
While in the case of iron - nickel mixture the nickel Kn line
lies very chose to the iron absorption edge, this means that
nickel is absorbed strongly by iron.

Several methods of correcting for matrix effects have
been suggested, one ot these is dilution method (which is
applied in this investigation by reducing an alloy to solu-
tion), the characteristics of this method minimize the
absorption effect. FIG.2 shows the effect of nickel and
chromium on iron in solution by fixing iron concentration
and extra nickel is added. No effect appeared on the be-
haviour of characteristic line Ko (count/sec) of iron and nick-
el. Also, in the case of extra chromium addition no effect
was observed on iron behaviour which means that the dilu-
tion factor minimizes both the absorption and enhance-
ment effect.

The qualitative analysis for stainless steel types (304,
309, 310, 316) shows that iron, chromium, nickel, man-
ganese, molybdenum, copper and cobalt are present but in
different range of concentration. The elements iron, chro-
mium, nickel and tin are present in zircaloy 2, but nickel is
absent in zircaloy 4. In case of aluminium (AG3) copper,
zinc, iron, nickel, chromium and manganese are detected.

The quantiative data of aluminium, zirconium and iron
alloys show agreement with the chemical analysis, ASTM,
and Japan standards iron steel respectively.

The result of this study indicates that X - ray fluorescence
instrument can be used effectively in the simultaneous
multi - elemental alloys investigation.
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THE BEST CONDITIONS TO FIND THE TEXTURE FOR
METALS USING X - RAY POWDER DIFFRACTOMETER

Texture cofficients of Zircaloy - 2 (hexagonal system)
and Aluminium (cubic system) have been measured by
employing the inverse pole figures method rather than the
direct pole FIG.1.

The experimental measurements were carried out using
an X - ray powder diffractometer with Cu - filtered radiation
and fitted with a specially designed sample holder. The
samples were prepared from Zircaloy - 2 and Aluminium
rods and from Zircaloy - 2 tubes; longitudinal, transverse
and cross - sections samples, with different polishing and
etching conditions were separately investigated.

From the analysis of experimental results, the utilization
of an X - ray diffractometer in characterizing texture in
tubes and rods has been found satisfactory and that

polishing and etching is necessary to remove the metal dis-
turbed during cutting [2].

The inverse pole figures of the basal plane (0001) (see
FIG.1.) show that in the radial direction only the c - axis
orientation exists while in the axial direction the (1010)
direction exists in a predominant manner with less fabrica-
tion manner of (1120) direction. In the tengential section,
results show random orientation in the main with some
trace of fabrication of (1010) and (2130).
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FIG. I. Inverse pole figures for zircaloy tube.
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INVESTIGATION OF THE NiAs -TYPE SYSTEM

Mn Te and Mn Sb sustain a hexagonal NiAs - type crys-
tallographic structure (s.g. P63/mmC). Mn Sb is a ferromag-
net with T = 570°K, and a reported metallic behaviour.
MnTe on the other hand is an antiferromagnetic Man-
ganese chalcognide insulator, with a reported very low
electrical resistivity [1 - 3]. Hence, considered to be a mid-
dle of the road material f 1,2]. The present work is aimed at
investigating the effect of replacing Sb - atom by neigh-
bouring Te - atoms forming the system Mn05 S b ^ Tex.
Specimens with x = 0, 0.05, 0.1, 0.15, 0.20, 0.25, 0.30,
0.35, 0.40, 0.45 and 0.5 were prepared by direct solid -
solid reaction of appropriate amounts of previously pre-
pared master compounds (MnSb and MnTe), sealed under
vacuum (10"5 torr) in quartz ampules and heated for one
week at 500°C, and 3 hours at 750°C then quenched into
iced water. Results of X - ray diffractometry on single -
phased specimens indicated lattice parameters changes
with composition as shown in FIG. 1. Parameter - a varies
smoothly with x while parameters - c, c/a ratio, anr1 • "lit cell
volume behave in a step - like manner. Their values stay
almost constant in the composition range 0<x<0.25, then
undergo a sudden jump where they also remain constant.
Electrical resistivity measurements show the presence of
transition anomalies of magnetic origin in the same region
of previously reported curie temperature for MnSb [4 - 9].
The position of this anomaly varies with composition para-
meter x in the manner shown in FIG.2, which clearly indi-
cates an inflection point at around the same composition
value x = 0.25, coinciding with the position at which the ste-
plike jumps occur in parameter c, c/a ratio, and unit cell
volume variation curve with x.

To sum up the findings one may conclude the following:

a) The behaviour of parameter - a indicates that the two
master compounds have gone into solid solution [4,5].

b) The step - like behaviour in c/a ratio may indicate a state
of phase transition [4 -6 ] .

c) The behaviour of T. : x curve may support the sug-
gested phase transition which takes place due to replac-
ing Sb - atoms by Te. This could effectively be due to
changes in electronic concentrations and metal - metal
interatomic seperation [4] and angle [9], which may alter
the exchange interaction.

d) It is not thought that the above mentioned oehaviour
could be due to sample inhomogenieties or variation of
transition metal concentration [4-7].
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INVESTIGATION OF THE SOLID SOLUTION
Mn Fe Si.

Studying the properties of isostructural (D8B-type hex-
agonal silicides) Mn5 Si3 — Fe5 Si3 is of special interest,
since they differ in their magnetic behaviour. Mn5 Si3 is
known as a non-colinear modulated antiferromagent [1-3]
and Fe5 Si3 is a ferromagnetic of a linear magnetic struc-
ture, with its magnetic moments alligned parallel to the c -
axis at temperatures below T (376°K) [2,3]. The Neel
temperature of Mns Si3 has been reported by several inves-
tigators using different techniques [ 1 -4] to be 68°K. Howev-
er, further investigators reported an additional anomaly at
99°K [5,6]. The two compounds form a continuous solid
solution in the form of the series Mn^Fe.Sij of which the
physical properties including magnetic order may vary as a
function of composition. Previously, both Narasimhan et al.
[3] and Johnson et al. [2] have investigated this system us-
ing magnetic susceptibility and Mossbauer Spectroscopy
techniques. Their conclusions differed in matters regarding
site preferential occupation and even experimental results.
The present investigation is aimed at investigating this sys-
tem by X-ray and neutron diffraction to closely study the
magnetic phase transition taking place, since no previous
neutron diffraction investigation has been made. Speci-
mens with x=0,1,2,3,4,5 were prepared by arc melting in a
non oxidizing atmosphere, with losses in starting materials
of not more than 1 % . Wet chemical analysis of individual
specimens confirmed the proposed compositions. X-ray
powder diffractometry of individual specimens were inde-
xed as single phase D88-type hexagonal structure, except
for that of Fe5Si3 which showed the presence of a second
phase (FeSi) owing to its unstability at room temperature.

However, diffraction lines corresponding to D88 structure
were selected and used in determining lattice parameters.
Lattice parameters of individual members of the series
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were accurately determined using a combination of com-
puter programs APPELMAN (7) and LATCON [8]. The
changes of parameters a and c due to replacing Mn by Fe-
atoms are shown plotted in FIG. 1 as a function of composi-
tion parameter x. Both seem to decrease with increasing x-
values, with c maintaining a relatively faster drop at the ini-
tial stages of atomic substitution. While a reversed trend is
observed at higher Fe - concentration. The unit cell volume
also follows suite and smoothly decreases with increasing
x-values. However, the c/a ratio tends to pass through a
broad minimum in the composition range 2< x <3 as
shown in FIG.2. This may indicate a region of phase transi-
tion. The electrical resistivity of Mn Fe4Si3 (only) was possi-
ble to measure in the temperature range 190-400°K, Fig.3.
Showing an anomaly at about 325°K may suggest a reduc-
tion in the curie temperature of Fe5Si3 (T.=376°K) when Fe-
atoms are initially replaced by Mn-atoms. It was not possi-
ble to preform the initially proposed neutron diffraction
measurements, since the facility was not available.

6.90 ->

6.85

6.80 -

6.75 -
- 4.70

FIG .1- Variation of (a) and (c) with composition.
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X-RAY DIFFRACTION INVESTIGATION OF Ag13X-
ZEOLITE

Ion exchanged Zeolites, known as "molecular sieves",
have attracted much attention in recent years because of
their unique physico-chemical properties such as their
capacity for selective absorption and catalysis due to the
presence of interconnecting channels and cavities of de-
finit shape and uniform size.

So far, a number of investigations on Ag13X-Zeolite
have been reported most of which are generally of physico-
chemical and catalytic nature [1-4] , most authors express-
ed that the knowledge of the exact crystal structure would
lead to better conclusions. The only published investigation
of Aldrich and Pope [5] did not seem to be complete since it
does not offer a precise figure for different site populations.

In the present investigation, a fully hydrated Ag13X-
Zeolite has been prepared by exchange reaction and in-
vestigated by X-ray powder diffractometry. The output data
were analysed for non-unique reflections processing and
crystal structure calculations using FCCALC Program and
X-RAY 76 system [6] respectively.

A number of different fourier electron density maps with
different (AF) coefficients were constructed to assign sil-
ver ions and water molecules into different structural sites.
By analysing these maps the positions and populations of
the non-framework atoms along the diagonal were found
(i.e., sites I,I', II' and II), see FIG.1. The maps also revealed
many electron density peaks near the walls of the super-
cage (i.e., Sill and SIM' type of sites),

The silver ions and water molecules positions found in
this investigation are shown in Table I.

From the structure analysis and inspection of the table
one can draw the following conclusions:

1 . Less than one quarter of all silver ions would reside at
sites SI and S I .

2 . Adjacent sites SI and SI may not be occupied simul-
taneously.

3 . More than one quarter of all silver ions would reside at
SI I sites.

4 . Less than half of all cations maybe accomodatedbythe
supercage at or near the walls (i.e. sites of type SIM and
SIM).

5 . Small fraction of the silver ions may coexist with some
H2OatSII'.

6 . Further investigations involving other techniques may

be initiated in order to provide more information con-
cerning the actua1 water content in Ag13X-Zeolite.
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Table 1. Site Occupancy of Silver ions and Water Mole-
cules in a unit cell3 of Hydrated Ag13 X-Zeolite.

Siteb

I
I

II'
II
III and Ilia
III'and Ilia
-

Atom

Ag
Ag
Ag

OW1

Ag
Ag
Ag
OW2
OW3

Number/
unit cell

10
7
7
25
29
23
13
75
96

a: Unit cell composition Ag
ao=24.952A+0.004A".

b: For sites definition see FIG. 1.
OW: is oxygene of the water molecule.

(SiO2), J . 290H2O;

FIG. 1 . Faujasite - type (X and Y) Zeolite framework and ca-
tion sites.
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CRYSTALLOGRAPHY STUDY OF COMPLEXES OF
4,4 -BiPYRIDYLE WITH RARE EARTH ELEMENTS

A series of the complex compounds of 4,4'-bipyridyle
with rare earths elements of the type Ln(NO3)3. (4,4-bipy)2.
nH?O where Ln=Y,La,Pr,Nd have been investigated by X-
ray methods. A number of these complex compounds re-
veal interesting physical properties like piezoelectric and
semi-conductive ones and can be applied in laser techni-
ques [1-3].

Single crystals from these compounds have been pre-
pared by slow evaporation from their solutions at room
temperature. The crystals have been tested optically be-
fore mounting on the single crystal goniometers (Weissen-
berg & Precession) which are fitted on the rotating anode
X-ray generator (GX 20) using Ni-filtered Cu radiation (X =
1.5418 A0).

Unit cell parameters and indices of reflecting planes
have been deduced from the X-ray photographs and re-

fined by least square methods using X-ray 76 computer
program. Densities of the crystals have been measured by
flotation method.

The conditions limiting the appearance of possible re-
flections on the X-ray photographs have been investigated
and hence the space group concluded. The crystallog-
raphic data obtained W these compounds are shown in
Table I.
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Table I. Crystallographic data of 4,4 - bipyridyle complexes with some rare earth elements

Compound Crystal system
chemical formula

Unit cell Volume, density, number of Space group
molecules, molecular weight

Y(NO3)3. C,OH8N2)2. 2H?O monoclinic a = 26.45 (6) A0

b = 20.74 (6) A0

c = 7.87 (3) A0

ft = 104.02 (8) deg.

V = 2605.0 A0

Dc = 1.587, Dm = 1.58gm cnT3

Z = 4, M = 623
P2.

La(NO,)3. (Ct0H6H2)2.2H2O orthorhombic a = 15.78 (6) A0 V = 2667.4 A0

b = 24.28 (6) A0 Dc = 1.675, Dm = 1.67gm cm'3

C = 6.99 (3) A0 Z = 4, M = 673
P2,2,2,

Pr(NO3)3. (C10H6N2)£. 4H2O orthorhombic a = 16.43(6) A0

b = 24.65 (6) A0

c = 7.15 (3) A0

V = 2895.7 A0

Dc = 1.630, Dm = 1064gm cm"3

Z = 4, M = 711
Pma2
or
Pca2.

Nd(NO3)3. (C1()HBNJ)2.4H2O orthorhombic a = 16.11(6) A0

b = 24.79 (6) A0

c = 7.21 (3) A0

V = 2879.4 A0

Dc = 1.644, Dra = 1065gmcnr3

Z = 4, M = 713
Pma2
or
Pca2.
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STUDY OF DEFECTS IN CRYSTALS GROWN FROM
SOLUTION BY X-RAY TOPOGRAPHY

Assessement of the crystallographic perfection of grown
crystals can be made utlizing the transmission X-ray dif-
fraction topography. Tanner [1 ] and Tanner and Bowen [2]
have described the technique of recording X-ray topo-
graphs and the basic features revealed in X-ray topog-
raphic studies of solution grown crystals. The grown-in dis-
location originate from inclusion which frequently occur at
the surface of the seed cn/stal.

Oki et al [3] have studied the defects in ammonium
dihydrogen phosphate (ADP) single crystal and observed
dislocation images in X-ray topographs. Belouet et al [4]
have studied potassium dihydrogen phosphate (KDP)
single crystal and found that dislocations originate near the
seed and their number depends on the growth condition.
The aim of this work is to set up the technique to obtain X-
ray topographs and to study the crystallographic defects in
the single crystals of ADP and KDP.

Both ADP and KDP crystals are tetragonal with cell
edges for ADP a= 7.499 A0, c= 7.548 A0 and a= 7.448 A0,
c= 6.977 A0 for KDP. Slices from these crystals are along
f100], [010] and [001 ] directions, chemically polished and
optically examined before mounting on the goniometer of
Lang camera. Topographs have been obtained using fine
focus Mo-Ka radiation generated at 45kV and 40mA from
the rotating anode X-ray generator (GX20) and recorded
on nuclear plate of 50 /urn emulsion thickness.

In plate 1 a topograph of KDP reveals dislocations,
growth bands and growth sector boundaries, and in plate 2
a topograph of ADP reveals similar behaviour. It can be
concluded that the presence of these defects are strongly
related to the growth condition (fate of cooling, impurities)
of the grown crystals.
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Plate 1. X-ray topograph of KDP of (001) slice cutaway
from the seed (1mm thick).
Mo -Ka; 200 reflection; (5x).
1 - dislocations, Burgers vector: [010]
2-growth bands
3 - growth sector boundaries

Plate 2. X-ray topograph of ADP of (001) slice cut near
the seed (1mm thick). Mo-Ka; 200 reflection;
(3x).
1 -dislocations, Burger vector: [010]
2 - growth sector boundaries
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CRYSTALLOGRAPHY INVESTIGATION OF THE SYS-
TEM Cu,, Ni. Mn Sb

Much work has been reported on the Heusler family,
but there are some doubts on the nature and origins of the
magnetic order they exhibit. Most evidence [1,2] support
the role played by electron concentration in deciding the
magnetic order in these alloys. Hence, one may expect
some major changes in the physical behaviour, when the
average electron concentrations are varied. This may very
well be achieved by replacing some of the constituent
atoms like Cu in the antiferromagnetic matrix of CuMnSb
by Ni-atoms. Thus forming a pseudobinary intermetallic
series of the form Cu,_x N\x MnSb. A similar attempt was pre-
viously reported on the system Cu, ¥ Pdx MnSb. Specimens
were prepared by directly melting pure (>99.9%) consti-
tuents in vacuum sealed quartz tubes at about 1100°c for
three hours, then quenching into iced water. Each speci-
men was annealed at 650°c for 50 hours then quenched
into iced water, crushed into fine powder, and finally ex-
amined by standard X-ray diffraction techniques using De-
bey-Scherer camera. All specimens were found to be sing-
le phase material with a crystal structure which correlates
to the f.c.c. family. Calulations indicated that the C1D-type
structure is the most probable one, with the following lattice
sites,

(4b)at(j_ J_ _1_
4 4 4 4 4 4

111
4 4 4"

(4Oat(j_j|_ 1 , 1 2 ' 1 1 o
2 2 2 2 2 2 2 i

2 2 1 >
4 4 4

1 1 )

always kept empty, and

2 21 3 1 - 3 , 1 3 3 ) -
4 4 4 4 4 4 4 4 4 4 4 4

Calculations inidcated that incoming Ni-atoms may pre-
ferentially occupy vacant Cu-sites (Table l).AIso,a prilimin-
ary fourier analysis (FIG.1) shows the proposed site occu-
pancy. On the other hand accurate lattice parameters esti-
mated using computer code LATCON [3] indicated a linear
reduction with increasing x-values opposite to that pre-
viously reported for Cu, „ Pd, Mn Sb shown in FIG.2.

This may very well support the current belief that electron
concentration plays a dominant role in forming the exhi-
bited magnetic order, rather than interatomic seperation
between magnetic moment carriers.
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Table I. Calculated R-factor for Cu06 Ni04 Mn Sb assum.

ing different models for site occupancy.

Various atom distribution with Clb-struc
Model Site A SiteB SiteD R%

I

II

III

IV

0.4 Ni
0.6 Cu

0.4 Mn
0.6 Cu

0.4 Sb
0.6 Cu

0.4 Ni

0.6 Cu

Mn

0.6 Mn
0.4 Ni

Mn

0.5 Mn

0.5 Sb

Sb

Sb

0.6 Sb
0.4 Ni

0.5 Mn

0.5 Sb

13.6

14.3

19.4

19.8

FIG.1.

5-9

FIG.2.
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MAGNETISM OF Cu „ Pd . Mn Sb REFERENCES

The intermetallic Cu09 Pd01 Mn Sb was prepared and its
crystal structure determined by X-ray diffraction. Neutron
diffraction measurements made at 4.2°K, 77°K and up to
500°K indicated the presence of two different magnetic
orders (FIG.1). Antiferromagnetism disappeared at 42°K
while ferromagnetism stayed till about 450°K. This was
previously observed [1] and explained by a canted spin
formation, and later [1] in terms of ferromagnetic nuclea-
tions within the antiferromagnetic matrix of Cu Mn Sb,
brought about by partial replacement of Cu by Pd-atom. It is
thought to be quite intresting to investigate the nature of the
exchange interaction acting within the material by looking
at transitions between Zeeman levels at 5°K and 80°K us-
ing inelastic incoherent neutron scattering arrangement
(FIG.2). Energy spectrum obtained at 5°K, shown in FIG.3
exhibited a large peak at zero energy transfase due to nuc-
lear incoherent scattering, and the observed base
broadening may be due to the overlap between inelastic
and quasielastic magnetic contributions. Owing to the diffi-
culty of seperating both effects, a least square fitting proce-
dure was applied using the following theoretical cross sec-
tion [2]:

K0

7 C / En"E"< \
°n pmn ^ ( w )

The resulting best fit value for the molecular field para-
meter (XJ was estimated to be 12.4 x 1024 Oe2 / erg. On the
other hand a theoretical calculation of this parameter, using
the molecular field theory [3], and the formulation

3K TN = 2S(S+1) / fc Zr J r

and

3 K T N < M > M B

yielded a value Xm = 5.8 x 1024 Oe2 / erg.

The possible sources of this discrepancy may very well
be due to magnetic inhomogeneity in the specimen.
Moreover, magnetic susceptibility measurements reported
by Endo [4] exhibited some weak field dependence which
suggests the presence of a weak ferromagnetic phase
rather than a ferromagnetic component of a canted spin
arrangment. Thus, our experimental value may be consi-
dered as a mean value for both exchange interactions,
whose very existence may be expected to produce line
broadening as observed in FIG.3.

|11 SZYTULA, A., Ada Phys. POI.A43 (1973). 787.
|2| TRAMMEL, G.T.. Phys. Rev,92 (1952) 1387
|3| SMART, J.A. -Effective Field Theories

Of Magnetism" Philadelphia, W.B. Saunders (1966).
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FIG.2.
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sections. The orientation factor for the three principal direc-
tions must be unity and for each direction the value equals
1/3 for the isotropic case. From these, the following were
found:

fH
llel to the radial direction.

, = 0.711, i.e., most of the (0001) plane is oriented para-

f
tion.
fMal = 0.074, i.e., the basal plane (0001) is faint in this direc-

fTang9niai = 0.180, i.e., near to the random orientation.
The total f is found to be equal to 0.965 giving 3.5% error
which is within the acceptable percentage error of 5%.

The advantages provided by the inverse pole figures
method are that, no random specimen is needed for nor-
malization procedure, the integrated intensity of the par-
ticular reflection is actually used in the calculation and this
method is very helpful in understanding the effect of varia-
tion in metal processing. On the other hand, the limitation
imposed on this method is that it cannot distinguish texture
in a given specimen plane of interest and cannot obtain as
much information as from a pole figure [4].

TEXTURE FOR METALS USING THE INVERSE POLE
FIGURES METHOD

The inverse pole figure measured on an X-ray diffracto-
meter represents the density distribution of an important
direction in the polycrystalline sample on a stereographic
projection of the crystal lattice in some standard orientation
[1 ] . The X-ray method based on analysis of intensities in a
diff ractometer scan has been used to characterise the pre-
ferred orientation (texture) for metals of hexagonal and
cubic crystal structures. The method has been applied to
samples of Zircaloy-2 tubes and rods and to Iron rods;
axial, tangential and radial samples were investigated after
polishing and etching. The exerimental measurements
were performed on a Seifert X-ray powder diffractometer
with Mo-tube and Zr-filtered radiation.

From the analysis of experimental results the texture
coefficient [2] was calculated and the inverse pole figures
of the basal plane (0001) for the three directions of Zirca-
loy-2 tube are shown in FIG.1 below. From this figure the c-
axis orientation existing in the radial direction, while in the
axial direction the (1010) orientation is seen in a predomi-
nant manner with less fabrication of (1120) orientation
while the tangential section shows random orientation.

In addition the orientation factor "f", defined as the effec-
tive fraction of grains aligned with their (0001) axis parallel
to the reference direction [3] was calculated for the three
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PRESS RELEASE
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ATTACK ON IRAQI NUCLEAR RESEARCH CEHTRE, 7 JUNE 1981. STATEMENT BY THE DIRECTOR GENERAL
OF THE INTERNATIONAL ATOMIC ENERGY AGENCY, DR. SIGVARD EKLUND.

"1. I wish to make a statement abouc the reported Israeli air force attack on the
Iraqi Nuclear Research Centre at Tuwaitha, near Baghdad, on Sunday 7 June. This is a
serious development and a source of grave international concern.

2. The following nuclear facilities exist in Iraq, according to our records:

(i) IRT-2OOO. 2MW (th), pool type, light water moderated research reactor,
using fuel with 10Z, 36Z and 80Z enriched uranium. This reactor was
supplied by the Soviet Union and came into operation in 1967.

(ii) TAMUZ-1 and TAMUZ-2 Reactors. TAMUZ-1: 40 MW (th) tank-pool type.
TAMUZ-2: 500 kW (th) associated with TAMUZ-1 reactor. The fuel for
these reactors has 93% enriched uranium. These two reactors have
been supplied by France but are not fully completed. An Initial
quantity of fuel has been delivered.

(iii) Separate storage where natural and depleted uranium is stored.

3. All these facilities and fuel are located at the Tuwaitha Research Centre and
are covered by Agency safeguards under the Non-Proliferation Treaty Safeguards
Agreement between Iraq and the Agency.

4. We understand that it is the TAMUZ reactor complex which was the object of the
attack, but do not have detailed information of the nature and extent of damage or
of casualties inflicted.

5. Iraq has been a Party to the Non-Proliferation Treaty since it came into force
in 1970. In accordance with that Treaty, Iraq accepts Agency safeguards on all Its
nuclear activities. These safeguards have been satisfactorily applied to date,
including during the recent period of armed conflict with Iran. The last safeguards
inspection at the Iraqi Nuclear Centre took place in January of this year, and all
nuclear material there was satisfactorily accounted for. This material included
the fuel so far delivered for the TAMUZ reactors.

6. A further safeguards Inspection had been planned to take place on 7 and 8 June.
This has been postponed to the end of this month at the request of the Iraqi
authorities since their senior officials concerned are at present in Vienna for the
Agency's Board of Governors and other meetings. In view of what has happened, I
have requested the Iraqi Governor to advance the date of the inspection, and he is
looking into the possibility of doing this.

7. I have also informed the Governor from Iraq of the Agency's readiness to provide
radiological assistance in the event that this nay be required.



- 2 -

8. This attack on the Iraqi nuclear centre is a serious development with far-
reaching implications. The Agency's safeguards system is-'a basic element of the
Non-Proliferation Treaty. During my long time here, I do not think we have been
faced with a more serious question than the implications of this development. The
Agency has inspected the Iraqi reactors and has not found evidence of any activity
not in accordance with the Non-Proliferation Treaty. A non-NPT country has
evidently not felt assured by our findings and about our ability to continue to
discharge our safeguarding responsibilities effectively. In the interest of its
national security, it has felt motivated to take military action. From a point of
principle, one can only conclude that it is the Agency's safeguards regime which has
also been attacked. Where will this lead us in the future? This Is a matter of
grave concern which should be pondered well."
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Agenda item 5
(GOV/2038)

MILITARY ATTACK ON IRAQI NUCLEAR RESEARCH CENTRE
AND ITS IMPLICATIONS FOR THE AGENCY

Draft resolution submitted by Yugoslavia

The Board of Governors,

(a) Recalling that according to Article II of the Statute the Agency shall

seek to accelerate and enlarge the contribution of atomic energy to peace,

health and prosperity throughout the world,

(b) Recalling further that according to Article 2.4 of the Charter of the

United Nations all members shall refrain in their, international relations

from the threat or use of force against the territorial integrity or

political independence of any State, or in any other manner inconsistent

with the purposes of the United Nations,

(c) Recognizing the inalienable right of all Member States of the Agency

to develop nuclear energy for peaceful purposes, to further their scientific,

technological and economic development,

(d) Mindful of the fact that Iraq fully subscribes to the Agency's safe-

guards system and is a Party to the Treaty on the Non-Proliferation of

Nuclear Weapons,

(e) Noting the statement of the Director General to the effect that Iraq

has fulfilled its obligations under Agency safeguards pursuant to the Non-

Proliferation Treaty to the satisfaction of the Agency,

(f) Informed that on 7 June 1981 Israel carried out a military attack

on the Iraqi Nuclear Research Centre damaging the nuclear facilities and

causing loss of human life,

81-2906
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(g) Conscious that this military action besides affecting the security

and peace of the region has shown clear disregard for the Agency's safeguards

regime and the Non-Proliferation Treaty and could do great harm to the

development of nuclear energy for peaceful purposes, and

(h) Gravely concerned by the far-reaching implications of such a military

attack on the peaceful nuclear facilities in a Member State,

1. StronRly condemns Israel for this premeditated and unjustified attack on

the Iraqi Nuclear Research Centre, which is covered by Agency safeguards;

2. Recommends to the General Conference at its forthcoming regular session to

consider all the implications of this attack, including suspending the exercise

by Israel of the privileges and rights of membership;

3. Reminds the Member States of the Agency of the UN General Assembly

Resolution No. 35/157 calling for an end to all transfer of fissionable material

and nuclear technology to Israel;

4. Recommends that the General Conference suspend provision of any assistance

to Israel under Agency's technical assistance programme;

5. Urges the Agency's Member States to provide emergency assistance to Iraq

to deal with the aftermath of this attack;

6. Reaffirms its confidence in the effectiveness of the Agency's safeguards

system as a reliable' means of verifying peaceful use of a nuclear facility; and

7. Requests the Director General to transmit this Resolution to the United

Nations Security Council.
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Item 8 of the provisional agenda
(GC(XXV)/640)

MILITARY ATTACK ON IRAQI NUCLEAR RESEARCH CENTRE
AND ITS IMPLICATIONS FOR THE AGENCY

Text of a resolution adopted by the Board of Governors
on 12 June 1981

The Board of Governors,

(a) Recalling that according to Article II of the Statute the Agency shall

seek to accelerate and enlarge the contribution of atomic energy to peace,

health and prosperity throughout the world,

(b) Recalling further that according to Article 2.4 of the Charter of the

United Nations all members shall rsfrain in their international relations

from the threat or use of force against the territorial integrity or

political independence of any State, or in any other manner inconsistent

with the purposes of the United Nations,

(c) Recognizing the inalienable right of all Member States of the Agency

to develop nuclear energy for peaceful purposes, to further their scientific,

technological and economic development,

(d) Mindful of the fact that Iraq fully subscribes to the Agency's safe-

guards system and is a Party to the Treaty on the Non-Proliferation of

Nuclear Weapons,

(e) NotinR the statement of the Director General to the effect that Iraq

has fulfilled its obligations under Agency safeguards pursuant to the Non-

Proliferation Treaty to the satisfaction of the Agency,

(f) Informed that on 7 June 1981 Israel carried out a military attack

on the Iraqi Nuclear Research Centre damaging the nuclear facilities and

causing loss of human life,

81-3173
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(g) Conscious that this military action besides affecting the security

and peace of the region has shown clear disregard for the Agency's safeguards

regime and the Non-Proliferation Treaty and could do great harm to the

development of nuclear energy for peaceful purposes, and

(h) Gravely concerned by the far-reaching implications of such a military

attack on the peaceful nuclear facilities in a Member State,

1. StronRly condemns Israel for this premeditated and unjustified attack on

the Iraqi Nuclear Research Centre, which is covered by Agency safeguards;

2. Recommends to the General Conference at its forthcoming regular session to

consider all the implications of this attack, including suspending the exercise

by Israel of the privileges and rights of membership!

3. Reminds the Member States of the Agency of the United Nations General Assembly

Resolution No. 35/157 calling for an end to all transfer of fissionable material

and nuclear technology to Israel;

4. Recommends that the General Conference suspend provision of any assistance

to Israel under Agency's technical assistance programme;

5. Urges the Agency's Member States to provide emergency assistance to Iraq

to deal with the aftermath of this attack;

6. Reaffirms its confidence in the effectiveness of the Agency's safeguards

system as a reliable means of verifying peaceful use of a nuclear facility; and

7. Requests the Director General to transmit this Resolution to the United

Nations Security Council.
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International Atomic Energy Agency Ju y 1 1

GENERAL CONFERENCE Original: ENGLISH

Twenty-fifth regular session

TEXT OF A RESOLUTION ADOPTED BY THE SECURITY COUNCIL
OF THE UNITED NATIONS

1. On 19 June 1981 the Security Council of the United Nations unanimously

adopted, under its agenda item "Complaint by Iraq", resolution 487(1981) con-

cerning the military attack on the Iraqi nuclear research centre and referring

to the resolution adopted on 12 June 1981 by the Agency's Board of Governors and

reproduced in document GC(XXV)/643. The text of the Security Council resolution

is reproduced below.

2. The Director General was invited to participate in the debate of the

Security Council on this matter. The text of the statement made by the

Director General to the Security Council on 19 June 1981 is reproduced in

the Annex.

The Security Council,

Having considered the agenda contained in document S/Agenda/228c.

Having noted the contents of the telegram dated 8 June 1951 ire: ',: ' x:?rifn
Minister of Iraq (S/1^509),

Having heard the statements ns.de to the Council on the subject r1. ;•.i
228oth through 2288th meetings,

Taking note of the statement nade by the Director-General c.f M-* :.-.l*rnational
Ator.ic Energy Agency (IAEA) to the Agency's Board of Governors L: ::.r tjl.'rct on
9 June 1931 and his statenent to the Council at its 2288th rectir.,- i:. :> ,'une 1981,
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Further taking note of the resolution adopted by the Board of Governors of t
IAEA on 12 June 1981 on the "military attack on the Iraq nuclear research centre
and its implications for the Agency" (S/ll*532),

Fully aware of the fact that Iraq has been a party to the Treaty on the
Non-Proliferation of Nuclear Weapons since it came into force in 1970, that in
accordance with that Treaty Iraq has accepted IAEA safeguards on all its nuclear
activities, and that the Agency has testified that these safeguards have been
satisfactorily applied to date,

Hoting furthermore that Israel has not adhered to the non-proliferation Trea

Deeply concerned about the danger to international peace and security create
by the premeditated Israeli air attack on Iraqi nuclear installations on 7 June 1"
which could at any time explode the situation in the area, with grave conseguence
for the vital interests of all States,

Considering that, under the terms of Article 2, paragraph It, of the Charter
the United Hations: "All Members shall refrain in their international relations
from the threat or use of force against the territorial integrity or political
"independence of any State, or in any other manner inconsistent with the Purposes
of the United Nations",

1. StronrJLy condemns the military attack by Israel in clear violation of "t
Charter of the United Rations and the norms of international conduct;

2. Calls upon Israel to refrain in the future from any such acts or threat'"
thereof;

3. Further considers that the said attack constitutes a serious threat to
the entire IAEA safeguards regime which is the foundation of the non-proliferatio'
Treaty;

h. Fully recognizes the inalienable sovereign right of Iraq, and all other
States, especially the developing countries, to establish programmes of
technological and nuclear development to develop their economy and industry for
peaceful purposes in accordance with their present and future needs and consisted
with the internationally accepted objectives of preventing nuclear-weapons
proliferation;

5. Calls upon Israel urgently to place its nuclear facilities under IAEA
safeguards;

6. Considers that Iraq is entitled to appropriate redress for the
destruction it has suffered, responsibility for which has been acknowledged by
Israel•

7. Requests the Secretary-General to keep the Security Council regularly
informed of the implementation of this resolution.
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A N N E X

TEXT OF THE STATEMENT MADE BY THE DIRECTOR GENERAL TO THE
SECURITY COUNCIL ON 19 JUNE 1981

I regard the invitation extended to me by the Security Council to

participate in its present debate as recognition of the importance of the

statutory responsibilities of the IAEA. I am here today to report on the

Agency's position regarding the consideration by the Security Council of

the agenda item entitled "Complaint by Iraq" concerning the Israeli air

attack on the Iraqi nuclear research centre at Tuwaitha, near Baghdad, on

7 June. You will appreciate that my statement is naturally confined to only

those aspects of the matter which directly pertain to the responsibilities

of the International Atomic Energy Agency. I am, of course, at your disposal

for any other relevant information on technical matters which you may wish in

your consideration of this agenda item.

May I begin by recalling that this matter was considered by the Board of

Governors of 'the IAEA last week, on 9 June and thereafter, at its regular

session, as a special item entitled "Military attack on Iraqi nuclear

research centre and its implications for the Agency". In this connection,

the resolution adopted by the Board on 12 June as a result of its delibera-

tions was placed before you in Security Council document S/14532 in accordance

with the request of the Board. The Board also requested me tc transmit to the

Security Council the summary records of the relevant proceedings of the Board

and these have been dispatched from Vienna to you.

I considered it my duty to report immediately to the Board of Governors

of the Agency on this air attack, which is a source of grave international

concern. In my statement at the opening meeting of the Board, on 9 June, 1

informed the Board that, according to the Agency's records, the following

nuclear facilities exist in Iraq:

(i) IRT-200^ 2 MW(th), pool-type, light water moderated research

reactor, using fuel with 10%, 36% and 80% enriched uranium.

This reactor was supplied by the Soviet Union and came into

operation in 1967. Agency inspections started in May 1973

following Iraq's adherence to the NPT and the subsequent

conclusion of the required safeguards agreement. Since then
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periodic inspections, the last of which was in January 1981,

revealed no non-compliance with the safeguards agreement;

(ii) TAMUZ-1 and TAMUZ-2 reactors, which are of the Osiris type.

TAMUZ-1: 40 MW(th) tank-pool research reactor. TAMUZ-2:

500 kW(th) research reactor is associated with the TAMUZ-1

reactor. The fuel of these reactors has 93% enriched uranium.

These two reactors have been supplied by France. The construc-

tion of the reactors was first inspected by Agency safeguards

inspectors in September 1979. An initial quantity of fuel,

containing about 12 kg of uranium, was delivered in June 1980

and inspected upon arrival. This fuel was inspected the last

time in January 1981. These inspections revealed that no nuclear

material was missing;

(iii) Separate storage where natural and depleted uranium is stored.

The storage was last inspected in January 1981 and all material

was accounted for.

All these facilities and fuel are located at the luwaitha research

centre and, as indicated above, are covered by Agency safeguards under the

Non-Proliferation Treaty safeguards agreement between Iraq and the Agency.

The task of the Agency in the implementation of safeguards is to verify

that no safeguarded nuclear material is diverted from peaceful purposes.

To this end the Agency develops for each facility under safeguards an

approach for detecting, by accountancy and inspection at the facility,

an anomaly which would indicate diversion, i.e. the absence of nuclear

material which cannot be properly explained. In a research reactor of the

type in question, two diversion strategies are technically possible and

therefore have to be countered. The first consists in removing fuel

elements and extracting the highly enriched uranium. Safeguards operations

therefore in the first place have to ensure that fuel elements supplied

from abroad are checked on arrival and that from that moment on continuity

of knowledge is maintained regarding their location and integrity. The

primary measures used for this purpose are counting of the fuel elements

and their identification in order to detect dummies. The design of the

facility and of the fuel elements is such that it provides assurance that

the diversion of fuel elements would be detected easily.
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The second possibility of diversion in a research reactor of the type

in question is based on the undeclared production of plutonium. As the

fuel elements consist of highly enriched uranium, only very small quantities

of plutonium can be produced in them, and, of course, this plutonium would

be under safeguards. Larger quantities of plutonium, perhaps up to the

order of one significant quantity (8 kg) per year, could only be produced

if the core of the reactor were in addition surrounded by a blanket of

fertile elements made of natural or depleted uranium. The size and location

of this blanket would certainly be such that ordinary visual inspection would

reveal its presence.

It has been stated by the Israelis that a laboratory located 40 metres

below the reactor (the figure was later corrected to four metres) which

allegedly had not been discovered by IAEA inspectors was destroyed. The

existence of a vault under the reactor which apparently has been hit by the

bombing was well known to the inspectorate. This vault contains the control

rod drives and has to be accessible to the staff for maintenance purposes.

In order to protect the staff from radiation, the ceiiing of the vault

consists of a thick concrete slab which in turn is lined with a heavy steel

plate, and therefore this space could not be used to produce plutonium.

Mr. President, Iraq has been a party to the Non-Proliferation Treaty

since it came into force, in 1970. In accordance with the Treaty, Iraq

accepts Agency safeguards on all its nuclear activities. These safeguards

have been satisfactorily applied to date, including during this period of

armed conflict with Iran. The last safeguards inspection at the Iraqi

nuclear centre took place in January of this year, and, as I stated earlier,

all nuclear material was satisfactorily accounted for. This material

included the fuel so far delivered for the TAMUZ reactors. Another regular

safeguards inspection had been planned by the Agency for early June, but,

taking into account the Board of Governors' and other meetings scheduled to

be held in Vienna during the first part of June, it was postponed until the

end of the month. In view of the attack it was decided to advance the date

of inspection. The members of the Security Council will be interested to

learn that Agency safeguards inspectors left a few days ago for Baghdad for

the inspection of the Iraqi nuclear research centre. They returned today.

According to a telephone conversation which I had early this morning with

the Deputy Director General for Safeguards, the inspectors were not able
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to approach the damaged storage-facility because of suspected unexploded

bombs. The Iraqi Government, however, suggested that the facility be

inspected anyway on the condition that the inspectors sign a waiver removing

all responsibilities from the Iraqi Government. The inspectors were not in

a position to do this.

Mr. President, as I observed in my statement to the Board of Governors

of the Agency, this attack on the Iraqi nuclear research centre is a serious

development with far-reaching implications. The International Atomic Energy

Agency, since its establishment, has not been faced with a more serious

matter as the implications of this development. The Agency's safeguards

system was conceived as and is a basic element of the Non—Proliferation

Treaty. The same system of safeguards is applied to facilities covered by

the Tlatelolco Treaty and facilities under bilateral safeguards agreements

with the Agency.

The Agency's safeguards system is the product of extensive international

co-operation. Its basic principles and modus operandi were devised, and are

constantly upgraded, by foremost international experts in that field. Results

of the application of the system are periodically reviewed by the Board of

Governors and the General Conference and have not been found wanting. Its

application is extremely wide. By the end of 1980 approximately 98V. of the

nuclear facilities of which the Agency was aware outside the nuclear-weapon

States were under Agency safeguards.

In fulfilling its responsibilities the Agency has inspected the Iraqi

reactors and has not found evidence of any activity not in accordance vith

the Non-Proliferation Treaty. Nevertheless, a non-NPT country has evidently

not felt assured by our findings and by our ability to continue to discharge

our safeguarding responsibilities effectively. In the interest of its

national security, as was stated by its leaders, it has felt motivated to

take military action. From a point of principle, one can only conclude

that it is the Agency's safeguards system which has also been attacked.

This, of course, is a matter of grave concern to the International Atomic

Energy Agency and has to be pondered well.
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Agenda item 8
(GC(XXV)/652)

•MILITARY ATTACK ON IRAQI NUCLEAR RESEARCH CENTRE
AND ITS IMPLICATIONS FOR THE AGENCY

Resolution adopted during the 237th plenary meeting on 26 September 1961

MILITARY ATTACK ON IRAQI NUCLEAR RESEARCH CENTRE
AND ITS IMPLICATIONS FOR THE AGENCY

The General Conference,

(a) Having considered the agenda item "Military attack on Iraqi nuclear

research centre and its implications for the Agency",

(b) Recalling the resolution adopted by the Board of Governors on

12 June 1981 on the same subject, which - inter alia - strongly condemned

Israel for this premeditated and unjustified attack on the Iraqi nuclear

research centre and recommended to the General Conference that it consider

all the implications of the attack, including suspending the exercise by

Israel of the privileges and rights of membership,

(c) Taking note of resolution 487 (1981) adopted by the Security Council

of the United Nations on 19 June 1981, which strongly condemned the mili-

tary attack by Israel as a clear violation of the Charter of the United

Nations and the norms of international conduct and which called upon Israel

urgently to place its nuclear facilities under Agency safeguards,

(d) Taking note further of the resolution adopted at the United Nations

Conference on New and Renewable Sources of Energy in Nairobi on

20 August 1981, which warned against the danger of joint Israeli and South

African military nuclear activities,

(e) Bearing in mind the statements made by the Director General of Lhe

Agency to the Board of Governors on 9 and 12 June and 6 July 1981, and

in the Security Council on 19 June 1981,

81-5224



GC(XXV)/RES/381
page 2

(f) Considering that Iraq has fully subscribed to the Agency's safeguards

regime and is a party to the Treaty on the Non-Proliferation of Nuclear

Weapons and has fulfilled its obligations thereunder,

(g) Noting further that Israel has neither adhered to the Treaty on the

Non-Proliferation of Nuclear Weapons nor accepted Agency safeguards on all

its nuclear facilities,

(h) Alarmed by the increasing information and evidence regarding Israel's

activities aiming at the acquisition and development of nuclear weapons,

(i) Gravely concerned that Israel's military aggression against a safeguarded

nuclear research facility has caused considerable damage to the safeguards

regime and could seriously jeopardize the development of nuclear energy for

peaceful purposes,

(j) Expressing indignation at the loss of life and damage to nuclear

facilities caused by this wilful act,

(k) Deploring the rejection by Israel of the repeated calls, including that

of the Security Council on 19 June 1981, to place its nuclear facilities

under Agency safeguards, and

(1) Recalling the provisions of Article XIX.B of the Statute of the Agency,

1. Considers that the Israeli act of aggression against the safeguarded Traqi

nuclear installations constitutes an attack against the Agency and its safe-

guards regime, which is the foundation of the Treaty on the Non—Proliferation of

Nuclear Weapons;

2. Decides to suspend immediately the provision of any assistance to Israel

under the Agency's technical assistance programme;

3. Also decides to consider at its twenty-sixth regular session the suspension

of Israel from the. exercise of the privileges and rights of membership if by

that time it has not complied with the provisions of Security Council

resolution '487 of 19 June 1981;

A. Calls upon the Member States of the Agency to end all transfer of fissionable

material and technology to Israel which could be used for nuclear arms;

5. Reaffirms its confidence in the effectiveness of the Agency safeguards

system as a reliable means of verifying peaceful use of a nuclear facility; and

6. Reaffirms further the inalienable right of all Member States to develop

nuclear energy for peaceful purposes under internationally accepted safeguards.
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Twenty-sixth regular session

Agenda item 15
(GC(XXVI)/674)

EXAMINATION OF DELEGATES1 CREDENTIALS

Resolution adopted during the 246th plenary meeting, on 24 September 1982

EXAMINATION OF DELEGATES' CREDENTIALS

The General Conference

Accepts the report by the General Committee on its examination of the
credentials of delegates to the Conference's twenty-sixth regular session,
which is set forth in document GC(XXVI)/682, with the exception of the
credentials of the delegation from Israel*
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RESOLUTION ADOPTED BY TEE GENERAL ASSEMBLY

[without reference to a Main Committee (A/37/L.29 and Corr.l,
A/37/L.34, A/37/L.35/Rev.l]

37/19. Report of the International Atomic Energy Agency

The General Assembly,

Having received the report of the International Atomic Energy Agency to the
General Assembly for the year 1981, 1/

Taking note of the statement by the Director General of the International
Atomic Energy Agency of 18 November 1982, 2/ which provides additional information
on developments in the Agency's activities during 1982,

Recognizing the importance of the work of and the relevance for the
International Atomic Energy Agency to promote further the application of nuclear
energy for peaceful purposes, as envisaged in its statute, and to improve further
its technical assistance and promotional programmes for the benefit of developing
countries,

Conscious of the importance of the work of the International Atomic Energy
Agency in the implementation of the relevant provisions of the Treaty on the

1/ International Atomic Energy Agency, The Annual Report for 1981
(Austria, July 1982)> transmitted to the members of the General Assembly by
a note of the Secretary-General (A/37/382 and Corr.l).

2/ See A/37/PV.71, p. 2.
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Non-Proliferation of Nuclear Weapons 3/ and other international treaties,
conventions and agreements designed to achieve similar objectives, as well as in
ensuring, so far as it is able, that the assistance provided by the Agency or at
its request or under its supervision or control is not used in such a way as to
further any military purpose, as stated in article II of its statute.

Taking note of the decision of the General Conference of the International
Atomic Energy Agency of 20 September 1982 to grant membership of the Agency to
Namibia, represented by the united Nations Council for Namibia, in conformity with
the request contained in General Assembly resolution 36/121 D of 10 December 1981,

Conscious of the useful outcome of the Conference on Nuclear Power Experience,
held at Vienna from 13 to 17 September 1982 by the International Atomic Energy
Agency,

Aware that on 29 July 1982 twenty-five years had elapsed since the
International Atomic Energy Agency came into being,

1. Takes note of the report of the International Atomic Energy Agency;

2. urges all States to strive for effective and harmonious international
co-operation in carrying out the work of the International Atomic Energy Agency and
to implement strictly the mandate of its statute, in promoting the use of nuclear
energy and the application of nuclear science and technology for peaceful purposes;
in strengthening technical assistance and co-operation for developing countries;
and in ensuring the effectiveness of the Agency's safeguards system;

3. Considers that Israel's threat to repeat its armed attack against nuclear
facilities, as well as any other armed attack against such facilities, constitute,
inter alia, a serious threat to the role and activities of the International Atomic
Energy Agency in the development and further promotion of nuclear energy for
peaceful purposes)

4. Affirms its confidence in the role of the International Atomic Energy
Agency in the application of nuclear energy for peaceful purposes;

5. Requests the Secretary-General to transmit to the Director General of the
International Atomic Energy Agency the records of tho thirty-seventh session of the
General Assembly relating to the Agency's activities.

73rd plenary meeting
19 November 1982

Resolution 2373 (XXII), annex.
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[without reference to a Main Committee (A/37/L.12/Rev.2 and
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37/18. Armed Israeli aggression against the Iraqi nuclear installations
and its grave consequences for the established international
system concerning the peaceful uses of nuclear energy, the
non-proliferation of nuclear weapons and international peace
and security

The General Assembly,

Having considered the item entitled "Armed Israeli aggression against the
Iraqi nuclear installations and its grave consequences for the established
international system concerning the peaceful uses of nuclear energy, the
non-proliferation of nuclear weapons and international peace and security".

Recalling the relevant resolutions of the Security Council and the General
Assembly,

Taking note of the report of the Secretary-General, 1/

Taking note also of the relevant resolution of the International Atomic Energy
Agency and the Commission on Human Rights,

Viewing with deep concern Israel's refusal to comply with those resolutions,
particularly Security Council resolution 487 (1981) of 19 June 1981,

1/ A/37/365-S/15320 and Add.l.
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Gravely alarmed by the dangerous escalation of Israel's acts of aggression in
the region,

Gravely concerned that Israel continues to maintain its threats to repeat such
attacks against nuclear installations,

Reiterating its alarm over the information and evidence regarding the
acquisition and development of nuclear weapons by Israel,

Recalling the Declaration and the Programme of Action OIJ the Establishment of
a New International Economic Order, 2/ the Charter of Economic Rights and Duties of
States 'i/ and the Declaration on the Use of Scientific and Technological Progress
in the Interests of Peace and for the Benefit of Mankind, 4/

Affirming the need to ensure against the repetition of such an attack on
nuclear facilities by Israel or any other State,

1. Condemns Israel's refusal to implement resolution 487 (1981), unanimously
adopted by the Security Council;

2. Strongly condemns Israel for the escalation of its acts of aggression in
the region;

3. Condemns Israel's threats to repeat such attacks, which would gravely
endanger international peace and security;

4. Demands that Israel withdraw forthwith its officially declared threat to
repeat its armed attack against nuclear facilities;

5. Considers the Israeli act of aggression to be a violation and a denial of
the inalienable sovereign right of States to scientific and tectinological progress
for achieving social and economic development and raising the standards of peoples
and the dignity of the human person, as well as a violation and a denial of
inalienable human rights and the sovereign right of States to scientific and
technological development;

6. Requests the Security Council to consider the necessary measures to deter
Israel from repeating such an attack on nuclear facilities;

»
7. Calls for the continuation of the consideration, at the international

level, of legal measures to prohibit armed attacks against nuclear facilities, and
threats thereof as a contribution to promoting and ensuring the safe development of
nuclear energy for peaceful purposes;

2/ Resolutions 3201 (S-VI) and 3202 (S-Vl)

3/ Resolution 3281 (XXIX) .

4/ Resolution 3384 (XXX) .



A/RES/37/18
Page 3

8. Requests the Secretary-General to prepare, with the assistance of a group
of experts, a comprehensive study on the consequences of the Israeli armed attack
against the Iraqi nuclear installations devoted to peaceful purposes, and to submit
that study to the General Assembly at its thirty-eighth session;

9. Further requests the Secretary-General to report to the General Assembly
at its thirty-eighth session on the implementation of the present resolution;

10. Decides to include in the provisional agenda of its thirty-eighth session
the item entitled "Armed Israeli aggression aginst the Iraqi nuclear installations
and its grave consequences for the established international system concerning the
peaceful uses of nuclear energy, the non-proliferation of nuclear weapons and
international peace and security".

70th plenary meeting
16 November 1982



TEXT OF THE MESSAGE OF THE PRESIDENT OF THE REPUBLIC OF IRAQ TO THE WORLD CONFERENCE
AGAINST ATOMIC AND HYDROGEN BOMBS,

i
It gives me great pleasure to send, on the occasion of holding the World Conference Against Atomic and Hydrogen Bombs,

my sincere greetings along with my best wishes for its success in achieving its goal of alerting world public opinion to th»dan-
gers confronting humanity as a result of the threat of nuclear war.

We would like to stress in this context, that we fully agree with continuing the initiative to convene such international confer-
ence in Japan in commemoration of the horrendeus tragedy the like of which humanity has never witnessed before. The anni-
hilation of Hiroshima and Nagazaki in 1945 shall remain to the entire world an indelible lesson which revealed the enormity of
the means of mass destruction devised by Man, threatening not only hyman life but all forms of life on our planet.

This Conference is a reminder to all leaders, governments, and peoples of the world of the lethal dangers posed to the fu-
ture of the entire human race by the nuclear arms race and nuclear tests.

Today, late in the Twentieth Century, we appear, through the feverish nuclear arms race, to be sent upon committing mass
suicide. The proliferation of weapons of mass destruction has surpassed the limit of all anticipations. We are bound by huma-
nitarian duty to keep in mind the catastrophe caused by the 1945 nuclear Holocaust, the consequences of which will continue
for generations to come.

Under the prevailing international tension, we cannot remain silent over the acquisition by racist regimes, such as the Pre-
toria and Tel - aviv regimes, of nuclear weapons as a means of blackmail in order to pursue the implementation of their aggres-
sive policies, threatening thereby international peace and security in Asia and Africa.

The Zionist entity does not hide its aggressive, expansionist designs. Its possession of nuclear weapons through unlawful
means, has become a certainty. Its close collaboration with the Pretoria regime in the field of nuclear arms, is but a glaring
evidence of their evil intentions toward the Arab and African regions. We call upon the Conference to condemn this malicious
collaboration.

In this connection, we would like to point out that Iraq which had been among the first states to adhere to the non-prolifera-
tion trealy, was subjected in 1981 to an act of aggression against its peaceful nuclear installations by the Zionist entity, which
refuses to this very day to adhere to that treaty.

The international community condemned that aggression in various fora. We believe, however, that the international com-
munity should also consider such an attack, although carried out with conventional weapons, as a nuclear attack, as thedes-
truction of the installations, which were the target of the attack, cou Id have resulted in nuclear radiation with its disastrous con-
sequences.

We hope that your Conference will consider this grave question and give it due attention in orderto alert world public opinion
to the extent of the dangers of such attacks and their consequences, especially since the Zionist entity has officially
threatened to repeat its aggression against Iraq or any other country it chooses as a target for such an attack. This Zionist
threat still stands. It is high time the international community took appropriate deterrent measures to put an end to theseZion-
ist aggressions and recurrent threats.

Lastly, I would like to point out here that the Zionist entity exploited the war imposed on Iraq by Iran in order to commit its
aggression against the Iraqi Nuclear Installations. This war, which is nearing its third year, has caused heavy losses in life and
property-

Iraq has, since the beginning of the war, responded positively to all peaceful initiatives aimed at ending the hostilities and
arriving at a peaceful, honourable just solution to the dispute in order that we may devote our energies to development which
is the legitimate goal of Iraq. We believe that joint peaceful efforts at various levels are necessary, to convice Iran, which is the
party that is insisting on'continuing hostilities, to end the conflict in an area which is one of the most vital areas in the world.
Obviously the widening of the area of the conflict with Iran may lead to dangers of incalculable dimensions and provide pre-
texts for foreign intervention in the area.

In conclusion, I once more send my greetings and wish your conference full success.
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On the occasion of the convocation of the World Assembly for Peace and Life against Nuclear War in the historic capital of
Czeckoslovakia, Prague, it gives me pleasure to send your meeting my warm greetings along with my sincere wishes foryour
success. I hope that your meeting will produce positive resolutions and recommendations in the interest of the cause of world
peace and disarmament, particularly nuclear disarmament.

We believe it is only natural that the World Peace Council should hold this meeting, motivated by its peaceful approach and
its efforts exerted towards supporting the struggle of peoples for independnce, freedom and their right to self-determination
and towards creating a world free from the perils of a devastating nuclear war, pervaded by peace and tranquility, in which the
peoples of the world can achieve economic and social development to the benefit of their broad masses.

I must refer in this connection to an act of blatant aggression committed against Iraq of which you are well aware. It is the
Zionist aggression against the Iraqi Nuclear Installations dedicated to peaceful purposes; an act of aggression which was
condemned in various international fora. We would like however to draw the attention of your meeting to a particular aspect of
this aggression which we consider to be directly related to the subject of your meeting. We in Iraq believe in the necessity of
considering the attack on peaceful nuclear installations by conventional weapons as an attack by nuclear weapons, since the
consequences resulting from such an attack lead to the danger of exposure to radiation and may lead to the outbreak of a nuc-
lear war. We sincerely hope that you agree with this view and that your assembly will adopt the appropriate resolutions in this
respect.

It should be noted that the Zionist threat to repeat this aggression against Iraqi, Arab or other nuclear installations still
stands. The international community must not stand idly by in the face of this Zionist threat.

I cannot but also refer here to the war imposed on Iraq for nearly three years with the consequent devastation and heavy
loss of life and property. There is also a real danger that the area of the war will spread to engulf one of the most sensitiveand
vital regions in the world. The continuation of the war provides pretexts for armed foreign intervention which may turn the Ara-
bian Gulf into an area of confrontation and collision, bring untold sufferring to its people and threaten international peace and
security.

From the very beginning of the war we have been supporters of peace. We have responded to all initiatives taken by inter-
national organizations aimed at ending the hostilities and achieving a peaceful, just and honourable solution to our dispute
with Iran. The world now knows which of the two parties really seeks peace and which of the two insists on the continuationof
the war. Iran insists on the continuation and escalation of the war against the interests and will of the peoples of the region and
against the interests and unanimous will of the international community. It is Iran which bears full responsibility for this.

We believe that joint efforts of good-will for the achievement of peace are necessary to convince Iran, the party insisting on
the continuation of the war, to end the hostilities.

In conclusion, I should emphasize that we in Iraq welcome, as we have always done in the past, any new initiative or propos-
al that would bring a speedy end to the war which has brought untold harm to the states of the region and to the international
community.

Once more I send you my sincere greetings along with my good wishes for your success.

Saddam Hussain
President of the Republic of Iraq.



International Atomic Energy Agency GC(XXVII)/RES/409

GENERAL CONFERENCE GENERAL Distr.

Twenty-seventh regular session

Agenda item 8
(GC(XXVII)/7OO)

CONSEQUENCES OF THE ISRAELI MILITARY ATTACK ON THE IRAQI NUCLEAR
RESEARCH REACTOR AND THE STANDING THREAT TO REPEAT THIS ATTACK FOR:
(a) THE DEVELOPMENT OF NUCLEAR ENERGY FOR PEACEFUL PURPOSES, AND

(b) THE ROLE AND ACTIVITIES OF THE INTERNATIONAL ATOMIC ENERGY AGENCY

Resolution adopted during the 256th plenary meeting on 14 October 1983

CONSEQUENCES OF THE ISRAELI MILITARY ATTACK ON THE IRAQI NUCLEAR
RESEARCH REACTOR AND THE STANDING THREAT TO REPEAT THIS ATTACK FOR:
(a) THE DEVELOPMENT OF NUCLEAR ENERGY FOR PEACEFUL PURPOSES, AND

(b) THE ROLE AND ACTIVITIES OF THE INTERNATIONAL ATOMIC ENERGY AGENCY

The General Conference,

(a) Having considered agenda item 8,

(b) Recalling resolution GC(XXV)/RES/381 adopted by the General
Conference on 26 September 1981, which, inter alia, expressed grave
concern that Israel's military aggression against a safeguarded nuclear
research facility has caused considerable damage to the safeguards
regime and could seriously jeopardize the development of nuclear energy
for peaceful purposes,

(c) Taking note of resolution A/RES/37/19 adopted by the General
Assembly of the United Nations on 22 November 19S2 which "considers
that Israel's threat to repeat its armed attack against nuclear
facilities, as well as any other attack against such facilities,
constitutes, inter alia, a serious threat to the role and activities
of the International Atonic Energy Agency in the development and
further promotion of nuclear energy for peaceful purposes",

(d) Aware that the promotion of application of nuclear energy for
peaceful purposes and the ensurance-that these activities are not used
to further any military purposes are the main objectives of the Agency
as envisaged in the Statute,

(e) Noting that serious radiological effects would follow from an
armed attack with conventional weapons on a nuclear installation,

(f) Noting further that radiological warfare could also in this manner
be initiated through the use of conventional weapons,
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1. Notes that statements made so far by Israel have not removed apprehension
that its threat to repeat its aned attack against nuclear facilities, as
well as any similar action against such facilities will continue to endanger
the role and activities of the Agency, and other international instruments,
in the development of nuclear energy for peaceful purposes, and in safeguarding
against further proliferation of nuclear weapons;

2. Urgently calls on Israel to withdraw forthwith its threat to attack
and destroy nuclear facilities in Iraq and in other countries;

3. Decides to withhold Agency research contracts to Israel, to discontinue
the purchase of equipment and materials from Israel and to refrain from
holding seminars, scientific and technical meetings in Israel if, by the
next General Conference, Israel has not complied with paragraph 2 of the
present resolution;

4. Requests the Director General' to re-examine and report to the Board
of Governors with respect to Israel on the Agency's research contracts,
purchase of equipment and materials, and the holding of meetings outside
Agency Headquarters;

5. Calls for the early consideration of the conclusion of an international
agreement to prohibit military attacks on nuclear installations;

6. Urges Member States to initiate or support actions in the proper
international fora 'with the aia to prohibit military attacks against "civilian"
nuclear installations since such attacks could result in the release of
dangerous forces and could be tantamount to an attack by nuclear weapons;

7. Reaffirms the right of Iraq and all other developing countries in
exercising their right to acquire and develop nuclear technology for .peaceful
purposes and for their development programmes;

8. Considers that Iraq is entitled to appropriate redress for the destruction
it has suffered, responsibility for which has been acknowledged by Israel,
and urges the Security Council to take the appropriate aeasures in accordance
with its resolution 487 of 19 June 1981;

9. Requests the Director General to prepare a report on the consequences
of an armed attack on peaceful nuclear installations and the threats thereof
on the Agency safeguards system and the peaceful applications of atonic
energy; and to submit this report to the twenty-eighth regular session of
the General Conference; and

10. Further requests the Director General to report to the twenty-eighth
regular session of the General Conference on the implementation of the present
resolution.



20 General Assembl; -Thirty-eighth Sessio«

38/8. Report of the International Atomic Energy
Agency

The General Assembly,
Having received the report of the International Atomic

Energy Agency to the General Assembly for the year
1982,2S

Taking note of the statement by the Director General of
the International Atomic, Energy Agency of 4 November
1983,26 which provides additional information on devel-
opments in the Agency's activities during 1983,

Recognizing the importance of the work of and the rele-
vance for Ihe International Atomic Energy Agency to pro-
mote further the application of nuclear energy for peaceful
purposes, as envisaged in its Statute, and to improve fur-
ther its technical assistance and promotional programmes
for the benefit of developing countries,

Conscious of the importance of the work of the Interna-
tional Atomic Energy Agency in the implementation of the
safeguards provisions of the Treaty on the Non-
Proliferation of Nuclear Weapons2.' and other interna-
tional treaties, conventions and agreements designed to
achieve similar objectives, as well as ensuring, as far as it is
able, that the assistance provided by the Agency or at its
request or under its supervision or control is not used in
such a way as to further any military purpose, as stated in
article II of its Statute,

Welcoming the decision of the General Conference of
the International Atomic Energy Agency of 11 October
1983 to grant membership of the Agency to the People's
Republic of China,

Conscious of the useful outcome of the International
Conference on Radioactive Waste Management, held at
Seattle, United States of America, from 16 to 20 May
1983 by the International Atomic Energy Agency,

Recognizing the importance of the work of ihe Interna-
tional Atomic Energy Agency on nuclear safety, which
increases public confidence in nuclear power,

Bearing in mind resolutions GC(XXVH)/RES/407,
GC(XXVII)/RES/408, GC(XXVII)/RES/409 and GC
(XXVII)/RES/415, adopted on 14 October 1983 by the
General Conference of the International Atomic Energy
Agency at its twenty-seventh regular session,

« See A/38/568.
25 International Atomic Energy Agency, The Annual Report for I9S2 (Aus-

tria, August 1983): transmitted 10 the members of the Genera) Assembly by a
note of Ihe Secretary-General (A/38/346 and Corr.l).

26 Official Records of the General Assembly. Thirty-eighth Session. Plenary
Meetings. 4Sth meeting, pans. 2-48.

1. Takes note of the report of the International Atomic
Energy Agency;

2. Urges all Stales to strive for effective and harmoni-
ous international co-operation in carrying out the work of
the International Atomic Energy Agency and to imple-
ment strictly the mandate of its statute in promoting the
use of nuclear energy' and the application of nuclear sci-
ence and technology for peaceful purposes: in strengthen-
ing technical assistance and co-operation for developing
countries', and in ensuring the effectiveness of the Agency's
safeguards system;

3. Expresses its satisfaction at the prospect of mutual
benefit arising from the membership of the People's
Republic of China in the International Atomic Energy
Agency;

'4. Affirms its confidence in the role of the International
Atomic Energy Agency in the application of nuclear energy
for peaceful purposes;

5. Requests the Secretary-General to transmit to the
Director General of the International Atomic Energy
Agency the records of the thirty-eighth session of the Gen-
eral Assembly relating to the Agency's activities.

46th plenary meeting
4 November 1983

38/9. Armed Israeli Regression against the Iraqi
nuclear installations and its grave conse-
quences for the established international sys-
tem concerning the peaceful uses of nuclear
energy, the non-proliferation of nuclear weap-
ons and international peace and security

The General Assembly,
Having considered the item entitled "Armed Israeli

aggression against the Iraqi nuclear installations and its
grave consequences for the established international sys-
tem concerning the peaceful uses of nuclear energy, the
non-proliferation of nuclear weapons and international
peace and security",

Recalling the relevant resolutions of the Security Coun-
cil and the General Assembly,

Taking note of the relevant resolutions of the Interna-
tional Atomic Energy Agency,

Taking note also with appreciation of the report of the
Secretary-General,3I

Viewing with deep concern Israel's continued refusal to
comply with those resolutions,

Reiterating its alarm over ihe information and evidence
regarding the acquisition and development of nuclear
weapons by Israel,

Recalling Article 2, paragraph 4, of the Charter of the
United Nations, which enjoins all Member States to
refrain in their international relations from the threat or
use of force against the territorial integrity or political
independence of any State, or in any other manner incon-
sistent with the purposes of the United Nations,

Noting that serious radiological effects would result from
an armed attack with conventional weapons on a nuclear
installation, which could also lead to the initiation of
radiological warfare,

1. Reiterates its condemnation of Israel's, continued
refusal to implement Security Council resolution 487

"Resolution 2373 (XXII). unnei.
"A/38/34J.
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(1981), unanimously adopted by the Council on 19 June
1981;

2. Notes that the statements made so far by Israel have
not removed apprehensions that its threat to repeat its
armed attack against nuclear facilities, as well as any simi-
lar action against such facilities, will continue to endanger
the role and activities of the International Atomic Energy
Agency and other international instruments in the devel-
opment of nuclear energy for peaceful purposes and in
safeguarding against further proliferation of nuclear weap-
ons:

3. Considers that any threat to attack and destroy
nuclear facilities in Iraq and in other countries constitutes
a violation of the Charter of the United Nations;

4. Reiterates its demand that Israel withdraw forthwith
its threat to attack and destroy nuclear facilities in Iraq
and in other countries:

5. Once again requests the Security Council to consider
the necessary measures to deter Israel from repeating such
an attack on nuclear facilities:

6. Reaffirms its call for the continuation of the consid-
eration, at the international level, of legal measures to pro-
hibit armed attacks against nuclear facilities, and threats
thereof, as a contribution to promoting and ensuring the
safe development of nuclear energy for peaceful purposes;

7. Expresses its deep appreciation to the Secretary-
General and the Group of Experts on the Consequences of
the Israeli Armed Attack against the Iraqi Nuclear Instal-
lations for their comprehensive study:2'

8. Requests the Secretary-General to report to the Gen-
eral Assembly at its thirty-ninth session on the implemen-
tation of the present resolution;

9. Decides to include in the provisional agenda of its
thirty-ninth session the item entitled "Armed Israeli
aggression against the Iraqi nuclear installations and its
grave consequences for the established international sys-
tem concerning the peaceful uses of nuclear energy, the
non-proliferation of nuclear weapons and international
peace and security".

52nd plenary meeting
10 November 1983

38/10. The situation in Central America: threats to
international peace a/d security and peace
initiatives

The General Assembly,
Recalling Security Councif resolution 530 (1983) of 19

May 1983 in which Ihe Council encouraged the efforts of
the Contadora Group a n / appealed urgently to all inter-
ested States in and outs/ae the region to co-operate fully
with the Group, through a frank and constructive dialogue,
so as to resolve their differences,

Reaffirming Ihe purposes and principles of the Charier
of the United Nations relating lo the duly of all Slates to
refrain from the tnreal or use of force against the sover-
eignty, territorial/integrity or political independence of any
State,

Also reaffirming the inalienable right of all peoples to
decide on their own form of government and to choose
their own oconomic, political and social system free from
all foreign/intervention, coercion or limitation,

29 KllUtn. annex.
3° A/3*»303-S/15877. annex. For the primed text, see Official Recants of

the Security Council Thirtv-etghth Year. Supplement for Julv. August ana
September 1983, document S/l 5B77. annex.

Considering that the internal conflicts in the countries c
Central America stem from the economic, political an
social conditions obtaining in each of those countries and
that they should not. therefore, be placed in the contex/of
East-West confrontation.

Deeply concerned at the worsening of tensions and/con-
flicts in Central America and the increase in outside/nter-
ference and acts of aggression against the countries/of the
region, which endanger international peace and se/urity.

Mindful of the necessity of promoting the achievement
of peace on a sound basis, which would make Possible a
genuine democratic process, respect for human jfights. and
economic and social development.

Noting with deep concern that in recent weeks armed
incidents, border clashes, acts of terrorism and sabotage,
traffic in arms and destabilizing actions in and against
countries of the region have increased in/ number and
intensity,

Noting with great concern the military' p/esence of coun-
tries from outside the region, the carrying'out of overt ̂ nd
covert actions, and the use of neighbouring territories to
engage in destabilizing actions, whicfi have served to
heighten tensions in the region,

Deeply concerned at the prolongation of the armed con-
flict in countries of Central America, which has been
aggravated by increasing foreign intervention.

Bearing in mind the progress achieved in the meetings
that the Ministers for Foreign Affairs of the Coniadora
Group have held with the ForeignrMinisters of Costa Rica.
El Salvador, Guatemala, Honduras and Nicaragua in iden-
tifying issues of concern and proposing appropriate proce-
dures for the consideration of/hose issues.

Recalling the Cancun Declaration on Peace in Central
America issued by the Presidents of Colombia, Mexico,
Panama and Venezuela on Iff July 1983,w which contains
an appeal for political conmitments on the part of coun-
tries situated in and outs/de the region with the aim of
achieving lasting peace in" the area,

Bearing in mind tht Cancun Declaration and the
endorsement by the Stales of Central America of a Docu-
ment of Objectives," which provides a basis for an agree'
ment on the negotiations, that should be initiated at the
earliest possible date'with the aim of drawing up agree-
ments and adopting/he necessary procedures for formaliz-
ing the commitments and ensuring appropriate systems of
control and verification.

Appreciating thi broad international support expressed
for the efforts of/he Contadora Group to secure a peaceful
and negotiated /settlement of the conflicts affecting Ihe
region,

1. Reaffirms the right of all the countries of the region
to live in peace and to decide their own future, free from
all outside interference or intervention, whatever pretext
may be adduced or whatever the circumstances in which
they may oe committed;

2. Affirms that respect for the sovereignty and indepen-
dence of All Slates of the region is essential to ensure the
securily^ind peaceful coexistence of the Central American
States;/

3. Condemns the acts of aggression against the sover-
cignt/ independence and territorial integrity of the Stales
of the region, which have caused losses in human life and
irreparable damage to their economies, thereby preventing
them from meeting the economic and social development

31 Official Records of ihe Security Council Thinv-eithlh Year. Supplement
for October. Sovember arid December 1983. document S J604I. annex.
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Jabirlbn Hayyan (721-815)

An Arabic philosopher who is considered to be the father of Arabic chemistry. Besides,
his works dealt with cosmology, astronmy, medicine, music and the science of numbersand
letters. He is the discoverer of sulphuric acid (H2 S04), nitric acid (HNO3), and aqua regiaand
some other chemical compounds. Jabir established the basis of modern chemistry and con-
sidered scientific experiment a condition to arrive at scientific facts. According to the Encyc-
lopaedia Britannica, more than 2000 works are attributed to Jabir. His reputation appears to
rest mainly on the appeal of his metaphysical phi losophy of nature and perhaps his unique
style, emphasis, and development of the theory of matter.


