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INTRODUCTION 

During the period in which the Agency's research programme has been 
operative, nearly 150 research contracts have been placed with institutions in 
35 Member States. While considerable emphasis was placed initially on research 
of a more fundamental nature - as reflected by the summaries presented herein 
of work under contracts awarded in the early stages of the programme - recent 
policy has shifted the major emphasis toward research of a practical nature, as 
the results of this type of research are likely to be of more immediate interest 
to Member States, and particularly to the developing nations. 

In order to inform the Agency's Member States of the results of research 
which has been sponsored, the present volume - which is the second issue of a 
regular annual publication - contains extensive summaries of the final reports of 
all those contracts which expired between 31 December 1960 and 31 December 
1961, with two exceptions: due to difficulties encountered in the recruitment of 
additional scientific staff, the contractor was unable to undertake the work agreed 
upon and contract No. 46 was accordingly cancelled; similarly, due to technical 
difficulties which could not be solved before the end of the contract period, it also 
proved necessary to cancel contract No. 49. In addition to the summaries relating 
to work completed under contracts expiring in 1961, summaries of the final re- ' 
ports under contracts Nos. 4 and 5 are also presented. While the termination date 
for these contracts occurred in 1960, the contractors continued work on the pro-
jects beyond this date and the final reports were prepared during 1961. 

Though all the work described herein has been performed under the auspices 
of the Agency, mention must also be made of the generous financial support made 
available by the United States Atomic Energy Commission, which provided the 
financing for contract No. 72 (for which the summary of the final report is included 
in this volume) as well as for a number of other contracts at present in force. 

It is the policy of the Agency to encourage publication of the results of the 
work done under research contracts in the open scientific literature by the con-
tractors themselves, since this is the most rapid and direct way of bringing the 
results to the notice of other scientists interested in the subject. By the end of 
1961, the Agency had been informed of the publication of 46 such papers, and a 
complete list of references to these is given on page 4. Certain of these re fer-
ences are also shown at the end of the summary in any case where more detailed 
reports on the work have been published. 

In every case, the summary of the contractor's final report has been prepared 
by that member of the Agency's scientific staff who has been closely connected with 
the particular subject of research. Thus, the scientific data reported in the sum-
mary remain the responsibility of the contractor, the Agency being responsible 
for any additional observations. 
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RESEARCH CONTRACT No. 19 

Title 

Factors controlling the distribution of fission products in the biosphere. 

Research institution 

Institutes of Physical Chemistry and Inorganic Chemistry, University of 
Vienna, Austria. 

Principal scientific investigators 

E. Broda and T. Schonfeld. 

Period of the contract 

15 May 1958 - 15 November 1961. 

Results 

(1) Behaviour of fission products in surface waters: 

Fission product contents of surface waters and other water samples (rain 
water, spring water, tap water, etc. ) were determined from autumn 1958 to 
summer 1959 on evaporation residues by gamma-spectrometry. The results of 
these measurements permitted assumptions to be made about the behaviour of 
some fission products (Zr, Nb, Ru, Ce), which had entered the waters in the 
form of fall-out. It was found that the residence time of these fission products 
in surface waters is relatively short. Decontamination through settling or ad-
sorption on suspended mineral matter probably plays an important role in this 
connection. Ruthenium, however, shows a longer residence time than Zr, Nb, 
and Ce. This is attributed to a tendency of ruthenium to be dissolved out of fal l-
out particles and to form an anionic species, which - because of its negative 
charge - is not adsorbed. These assumptions find confirmation in observations 
on the behaviour of radio-ruthenium during the penetration of water through strata 
of rocks or through water treatment plants, and through sandbeds in laboratory 
experiments. The important part played by settling in the removal of the fission 
products under examination was also confirmed by laboratory experiments. 

(2) Radioactive fission products in lungs; 

Measurements of fission products in the lungs of animals and human beings 
were started in April 1959, and have been continued up to the present time. The 
f irst measurements indicated that the amount of fission products then deposited 
in lungs was large enough to be detected by gamma-spectrometry. Control meas-
urements on other organs showed that the gamma-emitters Ce141, Ce144, Ru108, 
Ru106 and Zr 6 - Nb95 had been deposited in the lungs by inhalation. The complete 
data on Ce144 in human lungs for the period Apri l 1959 to August 1961 were com-
pared with a curve calculated from data for the content of radioactive substances 
in air and using the model for deposition and retention of inhaled particles, as 
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employed by the International Commission on Radiological Protection (ICRP) for 
the calculation of "maximum permissible concentrations" in air. There was 
general agreement between the measurements on lungs and the calculated curves; 
however, the data seem to indicate either a higher deposition factor or a longer 
half-l i fe of biological elimination of deposited particles from the lung than those 
given in the ICRP model. 

Measurements were also carried out on the ashes from- pulmonary lymph 
nodes. It was found that translocation of inhaled fission products to the lymph 
nodes took place, the concentration in the lymph nodes (expressed as pc/g tissue) 
being one to two orders of magnitude greater than the concentration in the lung. 

(3) Uptake of fission products by clay minerals: 

The uptake of Cs137 and Sr89 by various clays was studied in the laboratory. 
Both batch and chromatographic techniques were employed. A special investiga-
tion was carried out to find suitable procedures for studying such adsorption 
phenomena by chromatography on clay paper. 

The most important result of the experiments on uptake of fission products 
by clays was the observation that carr ier- f ree Cs137 was partly adsorbed in an 
irreversible manner. This phenomenon was studied in considerable detail. It 
was found that pretreatment of the clays with other cations did not eliminate i r -
reversible adsorption of caesium. Most ions had practically no influence on the 
irreversibi l ity of Cs-ad sorption, while Ru reduced the extent of irreversibil ity 
rather strongly. In the experiments with Sr89 no irreversibil ity of adsorption 
was observed. Desorption experiments carried out over extended periods indi-
cated that small amounts of " irreversibly bound" Cs were slowly released again 
from the clays. 

(4) Radiochemical separations using ion exchange and chelating agents: 

Several separation techniques, using ion exchange resins and chelating 
agents, were studied in connection with work under the research project, with 
particular attention being paid to the separation of fission products. Rhodizonic 
acid and 8-hydroxyquinoline-5-sulphonic acid have been used as reagents in ana-
lytical chemistry. Their properties made it appear likely that these substances 
may prove useful for certain ion exchange separation techniques. The experi-
ments with rhodizonic acid provided information on the complexes which this 
reagent is capable of forming. Radiochemical separations were carried out suc-
cessfully, but the instability of the reagent does not favour routine applications 
of this type. Detailed measurements on the influence of 8-hydroxyquinoline-5-
sulphonic acid on ion exchange equilibria of a number of radioelements were 
carried out. A very simple and reliable technique of separating Y9 0 from Sr90 

was found; other observations offer a suitable basis for a number of further 
separation procedures. 

Conclusions 

(1) Behaviour of fission products in surface waters: 

The residence time of Zr, Nb, Ru and Ce in surface waters is relatively 
short. Decontamination through settling or through adsorption on suspended 
mineral matter probably plays an important role in this connection. The some-
what longer residence time of Ru as compared with the other nuclides mentioned 
can be attributed to the dissolution of Ru out of fallout particles and to the forma-
tion of an anionic species which is not adsorbed. 
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(2) Radioactive fission products in lungs; 

The deposition in the lung on inhalation of radioactive substances contained 
in air seems to be higher, or, alternatively, the biological elimination of de-
posited particles appears to take longer than was assumed by the International 
Commission on Radiological Protection (ICRP) in its calculations of maximum 
permissible concentrations in air. 

(3) Uptake of fission products by clay minerals: 

Carr ier- free Cs137 is partly adsorbed on clay in an irreversible manner. 
Pretreatment of the clay with rubidium reduces the extent of irreversible ad-
sorption; most other cations have no influence, however. 

(4) Radiochemical techniques: 

A very simple Y90-Sr90 sepàration can be based on 8-hydroxy quino line-5-
sulphonic acid. This reagent offers possibilities for a number of further separa-
tion procedures. 
List of publications and reports from the research project 

(A) Publications: 

LIEBSCHER, K. und SCHÓNFELD, T . , Me s sung der Radioaktivitát von 
Oberflâchenwassern mit dem Gammaspektrometer, Wasser und Abwasser 
(1959) 125-130 (reprinted in: Mitt. Osterr. Sanitatsverwaltung 61 (1960) 
329-331. , 
SCHÔNFELD, T . , LIEBSCHER, К. , KARL, F. and FRIEDMANN, Ch., 
Radioactive fission products in lungs, Nature 185 (1960) 192-193. 
HABASHI, F. und SCHONFELD, T . , Feststellung der Freisetzung " fr ischer" 
Spaltprodukte in die Biosphâre durch Gammaspektrometrie, Atompraxis J3 
(1960) 414-415. 
LIEBSCHER, K. , HABASHI, F. und SCHONFELD, T . , Beobachtungen über 
das Verhalten von Spaltprodukten in Oberflâchenwassern, Atompraxis 7_ 
(1961) 94-100. ~ 
LIEBSCHER, K., SCHONFELD, T. and SCHALLER, A . , Concentration of 
inhaled cerium-144 in pulmonary lymph nodes of human beings, Nature 192 
(1961) 1308. " 

(B) Technical reports available for distribution: 

SCHONFELD, T. und LIEBSCHER, K. , Messungen der Radioaktivitát des 
Regenwassers in Wien (Vorlâufiger Bericht über Messungen mit dem Gamma-
spektrometer in der Zeit von September 1958 bis Juli 1959) Oktober 1959, I2p. 
HABASHI, F. and SCHONFELD, ,T., Investigations on the state of fission 
products in rain and in surface waters, May 1960, 37p. 

(C) Technical reports to the International Atomic Energy Agency: 

SCHONFELD, T. and LIEBSCHER, K., Radioactive contamination of rain 
water, March 1959. 
SCHONFELD, T. and LIEBSCHER, K., Radioactive fission products in 
water from streams and r ivers in the Vienna area, March 1959. 
MAKSIMOVTC, Z. and SCHONFELD, T . , Investigations of radiochemical 
separation procedures, June 1959. 
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RESEARCH CONTRACT No. 19 

Title 

The development of a method of non-destructive analysis to determine the 
U235 and Pu content of irradiated fuel elements that are in storage under water 
and that have been out of the reactor for periods of more than one month. 

Research institution 

Commissariat à l 'Énergie Atomique, Paris VII,, France. 

Principal scientific investigators 

V. Raievski and B. Sautiez. 

Period of the contract 

17 January 1959 - 31 December 1960. 

Background 

Measuring the plutonium content of irradiated fuel elements is one of the 
problems of accounting of fissionable materials. The method of measurement, 
if based on fission induced by thermal neutrons, must rely on a significant physi-
cal difference between the u235 and Pu nuclei. Here a method based on the dif-
ference of probabilities for the emission of certain numbers of neutrons during 
fission by u235 and Pu nuclei was examined. 

Experimental part 

The Table below shows the probabilities of n neutrons being emitted during 
fission: 

U-235* Pu-239* Pu-240* 

p„ 0. 027 ± 0. 004 - 0. 01 ± 0.01 0. 049 ± 0. 006 

Pi 
0.158 ± 0. 010 0.11 ± 0. 03 0.214 ± 0.012 

p2 0. 339 ± 0. 014 0.13 ± 0.06 0. 321 è 0. 014 

p3 0. 305 ± 0. 015 0.56 è 0.08 0.282 ± 0.017 

P 4 
0.133 t 0. 013 0.11 è 0. 08 0.112 ± 0. 013 

p5 0. 038 ± 0. 09 0. 06 ± 0. 09 0.021 ± 0.008 

p6 - 0.001 ± 0.003 0. 05 ± 0. 08 0.001 ± 0. 003 

P 7 
0. 001 à 0. 002 0. 00 ± 0. 06 0. 000 ± 0. 002 

p8 0 . 0 0 0 ± 0 . 0 0 0 - 0.01 ± 0.03 0 . 0 0 0 ± 0 . 0 0 0 

2.474 3. 01 2.65 

* According to ANL 5.800, p. 6 
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It will be seen that despite the fairly large margins of error in the case of 
Pu239, the emissions are clearly different and in particular the ratio p = P 3 / P 2 
is roughly five times greater for Pu239 than for U235 . 

An apparatus consisting of a neutron source, a battery of neutron counters 
and a space for the fissionable element was used for this work. Both 
source and fission neutrons were slowed down in the moderator. A suitably 
located cadmium screen considerably reduced the ratio of the counting rates of 
source and fission neutrons. 

If Ns and Njr are the counting rates due to the source neutrons and to the 
neutrons from fissions in the fuel element respectively, the ratio Njp/Ng will de-
pend on the number of fissionable nuclei contained in that element. 

For a natural uranium or a slightly enriched uranium element the conversion 
factor of which is close to unity, this ratio varies little with burn-up. It cannot 
be expected that this burn-up or the plutonium content can be determined with 
sufficient accuracy in this way. 

In addition to this ratio, the method proposed would also measure the num-
ber of 1st, 2nd and 3rd-order coincidences of detected neutrons. The following 
mathematical consideration would then apply: 

Let 0 represent the average flux of thermal neutrons in the fuel element; 
p ( s ) and P ^ the probability that a fission in the uranium or plutonium will give 
a coincidence of the order Of m; M s and Mg the numbers of U235 and Pu239 nuclei 
contained in the element; and crfs and crfg, and v s and v^ the fission cross-sec-
tions and average number of corresponding fission neutrons. 

If a is the probability of detecting a fission neutron, then 

(1) N F = а ф [ (v Of) g M s + ( ^ f ) g M g ] 

the number of coincidences of order m (C m ) will be: 

(2) C m = Ф [ (P m Of ) s M s + ( P m a f ) g Mg] 

If the apparatus has been calibrated beforehand with an element containing 
a known number of uranium and plutonium nuclei, the coefficients involved in 
equations (1) and (2) are known and from them the amounts of uranium and plu-
tonium contained in the irradiated fuel element can be derived. 

Measurements were made with uranium and plutonium samples. The re-
sults indicated that the method could clearly distinguish between U235 and Pu but, 
with the technique applied, the method could not determine the actual quantity of 
Pu with any acceptable accuracy. A number of improvements were suggested. 

Conclusions 

Enormous efforts would be required to improve the method before it could 
be applied to routine testing of fuel elements. 
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RESEARCH CONTRACT No. 19 

Title 
935 

Non-destructive method for evaluating the U and Pu content of irradiated 
fuel elements. 
Research institution 

Centre d'Étude de l 'Energie Nucléaire, Mol, Belgium. 

Principal scientific investigators 

J. Juliens, F. Motte and J. Bai. 

Period of the contract 

20 December 1958 - 31 December 1960 

Principles 

The purpose of the research was to develop a method of measurement which 
would permit evaluation of the U235and Pu contents of irradiated fuel elements 
without taking samples and without altering the measured substance in any way. 

The proposed method is a contribution to the solution of this complex prob-
« о с 

lem: it consists of determining the concentration of U and Pu atoms by 
counting the prompt fast neutrons and the delayed fast neutrons emitted by the 
element when exposed to a beam of slow, low-intensity neutrons. The counting 
rates of the prompt neutrons (np) and the delayed neutrons (n¿) can be expressed 
as a function of various parameters, including the unknown quantities N25 and 
N®4 , the number of nuclei of U235 and Pu239 . 

np - (v25, o f , N25; 649, o f , N49) 

n d - (v25, o f , j325, X25 , N25 j ô f , o f , /З49, X49, N49) 

The prompt and delayed "secondary" neutrons emitted by the element being 
analysed can be discriminated from the slow "pr imary" neutrons bombarding the 
element on the basis of their difference in energy. The proposed method involves 
various calibrations. 

Equipment and method of measurement 

A beam of low-energy neutrons, i. e. thermal neutrons contaminated by in-
termediate neutrons, was emitted by the BRI reactor and bombarded the fuel e le-
ment being analysed. The slow flux at the site of irradiation was approximately 
2 X 105n/cm2 s. 

A shutter completely opaque to primary neutrons enabled the irradiation of 
the element to be rapidly interrupted. Analysis of an element consisted in the 
repetition of the following cycle of operations: 

A . Irradiation of the element for a period of time sufficient for the satura-
tion of the delayed neutron emitters and simultaneous counting of the 
prompt neutrons; and 
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В. Instantaneous stopping of irradiation and counting of the delayed neutrons 
emitted by the element. 

These operations were automated and a sufficient number of cycles were car-
ried out to obtain the statistical accuracy necessary for the counts: ordinarily, 
about 100 cycles were effected. 

A difficulty of the method lay in the accurate counting of delayed neutrons in 
the presence of considerable background noise owing to gamma-radiation and 
various sources of background radiation near a reactor. 

The fast neutrons, both prompt and delayed, were detected by scintillation 
in crystals containing charges of В and ZnS(Ag) mounted on photomultiplier tubes; 
the crystals were surrounded by a paraffin sheath sufficient to slow down the fast 
neutrons after they had penetrated the outer cover of the probe unit which, being 
of cadmium, ensured discrimination between primary and secondary neutrons. 
Finally, the probe was surrounded by a bismuth screen which contributed to the 
elimination of the gamma-radiation. 

The experimental arrangement as a whole, both the element for analysis and 
the probe unit, was enclosed in a paraffin-walled casing with a Cd inner lining. 
A window was provided in this chamber, to the right of the point of passage of the 
neutron beam. 

Results 

The accuracy of the measurement of the delayed neutrons was tested in a 
special experiment in which the emission rate of delayed neutrons from samples 
of U235 and Pu239 was determined as a function of time. 

The curves obtained covered a period of 100 s from the end of irradiation of 
the samples and were in perfect agreement with the most recent measurements 
of the characteristics (¡3 and X) of the delayed neutrons from these two fission-
able materials. 

The method of measurement was tested on a batch of fuel elements of the 
same dimension and of known composition. These dummy elements consisted of 

noc 

a stainless steel can filled with oxide or Pu oxide or a mixture of both; Ele-
ment No. 1 contained U235 oxide, Element No. 2 Pu oxide, Element No. 3 a mixture 
of the two oxides with N^/N49 = 1. 82, and Element No. 4 the same mixture, with 
N 2 5 / n 4 9 = g 

Element No. 1 was used to measure the ratio of the counting efficiencies for 
the prompt (ki ) and the delayed (k2) neutrons emitted in the и fission process. 
The result was 

ki/k2 = 0. 6739 ± 0. 0046. 

Using the second element no change in this ratio in the case of Pu was observed: 

ki/k2 = 0. 6737 ± 0. 0064. 

It will be noted that the accuracy of and agreement between these independent 
measurements were excellent. 

The interpretation of the counts made on the homogeneous mixtures of U235 

and Pu239 requires the use of adequate values for the fission cross-sections of 
these two elements; the ratio 

o f ( E ) / c f ( E ) 

varies very perceptibly with the neutron energy E. Since the distribution of the 
neutron spectrum and density in the element being analysed is not known, the value 
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of the "ef fect ive" fission cross-sections corresponding to an "ef fect ive" neutron 
energy has to be determined experimentally. 

The counts made on Element No.3 could be interpreted in that sense; the re-
sults could be expressed as 

af5(E)/a|9(E) = 0.456 ± 0. 018 

for which there is a corresponding effective energy E of about 0. 12 eV. This re-
latively high value was due to the epithermal contamination of the incident spec-
trum and mainly to the hardening of the spectrum in the highly absorbent element. 

An equivalent value for the ratio of the effective cross-sections could be de-
duced from the counts made on Element No. 4; this ratio could therefore be con-
sidered as not very responsive to variations in the parameter N25/N49, since the 
latter varied by more than a factor of 4 between the two capsules. 'It should be 
noted that the macroscopic absorption cross-sections of the two elements were not 
very different. 

If, therefore, the value of the ratio cr|5/df9 as obtained from Element No.3 is 
considered to be a known quantity, analysis of the contents of Element No.4 shows 

N25/N49 = 8. 12 ± 0.57 . 

This result is very close to the nominal value N = 8. 10. The error quoted, 
which is about 7%, is calculated from the individual errors affecting the various 
terms of the analytical expression of the ratio N25/N49 ; it appears to be very con-
servative. 

The resulting accuracy could moreover be very easily increased by using a 
beam of higher intensity or by increasing the geometrical efficiency of the count-
ing device, which in these tests was very low as only one crystal was used. 

Conclusions 

This method has its attractive aspects and also its drawbacks. Although the 
tests were carried out with inactive elements only, the method could, it would 
appear, be adapted to the analysis of irradiated elements without the high activity 
of the fission products constituting a major obstacle. 

On the other hand, a possibly serious remaining problem is the influence on 
the results of the distribution of fissionable nuclei inside the irradiated fuel ele-
ments. 

17 





RESEARCH CONTRACT No. 19 

Title 

Studies of contamination in local marine resources, and more specifically 
the determination of horizontal and vertical diffusion rates in Suruga Bay. 

Research institution 

Institute of Inorganic Chemistry, Faculty of Sciences, Tokyo Kyoiku Universi-
ty, Ohtsuka, Tokyo, Japan. 

Principal scientific investigator 

Y . Miyake. 

Period of the contract 

1 October 1959 - 30 September 1961. 

Background 

The spread of radioactive contamination and the decrease of its concentration 
due to mixing are vital elements in determining how much, if any, radioactive 
waste can safely be disposed into the ocean. Relatively little is known about the 
mixing rate in deep water, especially just above the sea floor. In order to clari fy 
the mixing processes from the surface to the bottom of a local sea area, simul-
taneous observations of distribution of currents and several other oceanographic 
data were carried out in Suruga Bay, aboard a 250-ton research vessel. The re-
sults may be helpful for estimating the mixing rate in other seas also, since there 
are many such small bays with roughly similar oceanographic conditions. 

Experimental part 

In the f irst year of the programme the vertical mixing rate of coastal waters 
near the bottom of Suruga Bay was studied. The depth of the bottom was about 
600 m. Two series of observations were made regarding the degree of turbulent 
fluctuations of water current 1 m above the sea bottom. The measurement was 
done with a modified TS-type s elf-registering current meter installed in a metal-
lic frame settled on the sea bottom, giving a continuous record of bottom current. 
In addition to the bottom current measurements, serial observations of water-
temperature, chlorinity and other chemical data (nitrate, nitrite, phosphate, sili-
con, carbon dioxide, dissolved oxygen, pH, and radioactivity) were made. Cur-
rent profiles were measured using Nan'niti Iwamiya's current meter every three 
hours during the period of observation. 

Unexpectedly large variations, both in speed and direction, of the current 
just above the bottom were discovered. The rate of flow ranged from less than 
4 cm/s to 50 cm/s with an average of 12 cm/s. The direction changed with an 
average angular velocity of 150° /h. These measurements indicate that the rate 
of mixing of water above the sea bottom is by no means negligible, as has been 
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thought previously. From the measurements the following physical quantities 
concerning eddy diffusion could be derived: 

The mass rate of energy dissipation: e = 8. 9 X 10~3cm s~3 

The eddy diffusivity: к = 1. 5 X 104cm2 s"1 

The scale of turbulon: X = 4.4 X 103cm 

The passage time: T = 3.6 X 102s 

The li fetime: т = 1.3 X 103s. 

The ratio of ionium (Th230) to Th228 was found to be 12 at the surface, de-
creasing to 8 at the bottom. 

In the second year of the programme, an attempt to confirm the larger varia-
tions in bottom current was made, but without success dúe to bad sea conditions 
during the period of the experiment. Samples of sea water were taken for radio-
chemical determination of Ra, Th. Sr90 and Cs137, and samples of zooplankton 
were collected for analysis of Sr , Cs137 and Ce144. 

Conclusions 

The rate of bottom mixing of coastal waters in bays may be higher than pre-
viously thought. 
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RESEARCH CONTRACT No. 19 

Title 

A study of the uptake, accumulation and loss of radioactive material by 
marine bacteria. 

Research institution ' * 

Comitate Nazionale per l 'Energia Nucleare, Laboratorio per lo Studio della 
Contaminazione Radioattiva del Mare, Fiascherino, La Spezia, Italy. 

Principal scientific investigator 

M. Bernhard. 

Period of contract 

28 December 1959 - 27 December 1961. The work is continuing, directly 
financed by CNEN, with future results to be put at the disposal of the IAEA. 

Background 

The important function of marine bacteria in the route to man of radio-
active materials deposited in the sea is imperfectly understood. Basic data on 
the amounts and types of bacteria present in the sea and their function in the bio-
chemical cycle of the marine ecosystem is not available. It is known, however, 
that the bacterial function in the biochemical cycle, by serving as food for other 
organisms and by mineralizing contaminated organic matter, re-introduces into 
the food chain isotopes which had been eliminated by excretion or loss. 

Experimental part 

In the f irst year of the contract, the natural bacteria population in the Medi-
terranean Sea was sampled in an area of 20 km2 offshore from the "Cinque Terre". 
The results seemed to indicate a reduction in the number of cells per mill i l iter 
with increasing depth. Three techniques were used to determine the number of 
organisms present: direct count on membrane filters, most probable number 
(MPN) method, and agar-pour-plate method. Though the three methods gave some-
what different results, from an analysis of the data it seemed probable that a large 
stable population and a small growing population of micro-organisms exist in the 
sea. Fifty bacterial strains were isolated and characterized, in an attempt to 
compare bacteria samples at different times and depths and to identify the most 
frequently occurring and important species which might be used for experiments 
on the uptake of radioisotopes. Chromatographic analyses for carbohydrates were 
carried out on 25 samples, and showed that the soluble carbohydrates are mainly 
glucose, fructose and a polysaccharide not well identified. Tests of total carbo-
hydrates indicated that their concentration decreases with depth. 

In the second year the number of bacterial strains collected was increased to 
462, which were tested for 19 of the more important bacteriological characteris-
tics. It is eventually planned to collect at least 500 strains and to test them for 

21 



not less than 50 characteristics. Computers will be used to determine the best 
way to analyse these data. Several experiments on the uptake of P32 by a test 
strain were carried out in order to develop a technique suitable for determining 
whether a large portion of marine micro-organisms are metabolizing or not. 
The f irst approach for the detection of radioactivity used radiographic film, the 
manipulation of which is very easy. Radioactive micro-organisms were retained 
on a "Membranfilter" which, after drying, was placed between two f i lm sheets. 
However, while this technique revealed very well the culture in log-phase, it was 
not sensitive enough to detect slowly metabolizing bacteria in lag-phase. There-
fore experiments are now being tried with nuclear gelatines. In the future this 
technique will be applied to the determination of the number of viable heterotrophic 
micro-organisms present in the sea-water of the sampling zone. In developing the 
techniques for the concentration of large enough quantities of micro-organisms for 
radioactive measurements, many difficulties had to be overcome because the con-
centration of micro-organisms directly at sea proved to be impracticable. 

Conclusions 

1. The total number of bacteria shows no seasonal fluctuation; 
2. The concentration of bacteria in sea-water is 10 000 to 20 000 individuals per 

ml, i . е. 107 per 1; 
3. The total number of bacteria diminishes slightly with depth (occasional high 

values are most probably due to very restricted local phenomena); 
4. The number of culturable bacteria seems to increase slightly in autumn and 

spring; and 
5. Disregarding a few single determinations, the number of culturable micro-

organisms is generally 1000 times smaller than the total number of bacteria. 

The large number of different bacterial strains has caused the selection of 
the most important species to take more time than anticipated, and hence the de-
lay in the experiments on the uptake of radioisotopes by the most important spe-
cies. 
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RESEARCH CONTRACT No. 19 

Title 

(a) Red cell l i fe span in patients with congenital or acquired haemolytic 
anaemia using Cr51 and pre-operative spleen scanning; 

E Q 

(b) The aetiology of tropical iron deficiency anaemia using Fe in patients 
with parasitic infections and in cases losing iron through sweat or desquamation. 

Research institution 

Radioisotopes Laboratory, Republic Hospital, Baghdad, Iraq. 

Principal scientific investigator 

A. Y . Al-Hindawi. 

Period of the contract 

1 November 1959 - 31 October 1961. 

Background 

(a) Haemolytic anaemias may be either congenital (e.g. thalassaemia) or 
acquired and are extremely common in many parts of the world. These anaemias 
cause a diminution in the l i fe span of red cells and for this reason, studies of their 
survival when labelled with Cr51 are particularly Valuable in the investigation of 
these conditions. Recently, a number of workers have reported that the use of 
the Cr51 techniques may be valuable in determining whether the spleen plays a role 
in the excessive red cell destruction which is characteristic of these anaemias. 
External counting over the spleens of these patients often shows an increased Cr51 

radioactivity which indicates that this organ is in some way involved in the red cell 
destruction. However, this is not found in all cases and it has therefore been sug-
gested that this observation could be used as a test to predict whether surgical re-
moval of the spleen is likely to benefit individual patients. 

(b) Anaemia due to iron deficiency is very common in tropical regions of the 
world. It is quite often caused by loss of blood due to the presence in the gastro-
intestinal tract of parasites such as the hookworm Ankylostomaduodenale. Another 
possible cause of iron deficiency is iron loss via the skin either in sweat or through 
desquamation which occurs in the tropics, but this latter hypothesis is still specu-
lative. Investigations using radio-iron may thus help to solve this important prob-
lem. 

Results 

Project (a) 

Red cell survival measurements have been made in a total of 55 patients suf-
fering from thalassaemia and a number of other conditions which give rise to in- ; 
creased haemolysis. Measurements were also made on a few normal volunteers, 
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the results in these subjects being in agreement with results obtained by workers 
in other parts of the world. In addition, surface counting over the heart, spleen 
and l iver was carried out and the method of excess counts proposed by Hughes-
Jones and Szur (Brit. J. Haematol. (1957) 320) was used as an index of Cr51 up-
take in the two latter organs. — 

In thalassaemia (16 cases) it was found that there were considerable difficul-
ties in the interpretation of the results obtained and consequently their value in 
predicting the likely benefits from splenectomy was limited. In other haemo-
lytic conditions (hereditary spherocytosis and sickle cell anaemia) the test was 
useful in predicting possible benefit from splenectomy. A group of 27 patients 
suffering from liver cirrhosis with enlarged spleens was also investigated but in 
this group the results were very variable, and in nearly half the number of pa-
tients studied the red cell life span was normal, whilst the remainder showed a 
significantly reduced red cell l i fe span. Some of the cirrhotic patients showed a 
high splenic Cr51 uptake whilst others were more or less normal in this respect. 
Although all these patients had enlarged spleens, there seemed to be no corre-
lation between the degree of Cr51 uptake and spleen size, or between the red cell 
l i fe span and the splenic uptake. In all the cases studied, there was no increase 
in l iver counts above the normal limits. No abnormalities in either red cell life 
span or splenic uptake were observed in patients with a history of malaria. In 
one patient with chronic myeloid leukaemia, the red cell l i fe span was shortened 
but there were no excess spleen counts. 

Project (b) 

In the f irst part of this project, losses of blood from the gastro-intestinal 
tract of infected patients were estimated by measuring the faecal excretion of Cr51 

following the intravenous injection of Cr51 labelled red cells. A vermifuge (Be-
phenium hydroxynapthoate) was then given and faeces collected for a further two 
days. The stools were washed and passed through a sieve and the number of adult 
hookworms thus collected were counted after individual microscopic verification. 
Results obtained in nine male patients are shown in Table I. In six of the cases, 
the average blood loss was 0. 74 ml per adult Ankylostoma per day. 

In an attempt to discover whether iron losses occur in sweat, samples were 
collected from two subjects after exercise in a hot damp room (44° C) following 

59 59 
the intravenous injection of 10 ̂ c Fe 14 days previously. No Fe activity could 
be detected in the sweat samples collected. The experiment was repeated one hour 
following intravenous injection of the radio-iron since it was felt that the measure-
ments should be related to the period when the plasma Fe59 was at its highest level. 
In these cases there was a detectable trace of the administered Fe59 in the sweat 
sample, but no quantitative conclusions regarding iron loss in sweat could be 
drawn. Likewise no activity could be detected in skin scrapings or debris col-
lected four months after administration (to allow for equilibrium). Attempts to 
make estimates of iron losses using whole body counting methods were inconclu-
sive, mainly due to technical difficulties. 

Conclusions 

Project (a) 

The results obtained show that the role of the spleen in the various haemo-
lytic conditions studied is still obscure and there is a great deal of further work 
to be done in this field before it will be possible to arrive at definite conclusions. 
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Project (b) 

Substantial losses of blood occur in hookworm infection and this may be a 
cause of anaemia in the tropics. It was not possible to give a clear-cut answer 
as to a possible connection between iron losses in sweat and the aetiology of iron 
deficiency anaemia in the tropics. 

The work performed under the aegis of this contract has been brought to its 
rather premature conclusion by the departure of the principal scientific investi-
gator from Iraq. 

Paper published on work done under the contract 

HINDAWI, A. Y. and SUBHIYAH, B. W., Radiochromium in the Study of Red 
Cell Survival and the Role of the Spleen in Red Cell Elimination. 1. Thal-
assaemia. (Accepted for publication in Brit. J. Haematol.) 
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RESEARCH CONTRACT No. 41 

Title 

Non-destructive analysis of irradiated fuel elements using a flux integrating 
monitor. 
Research institution 

Institute of Nuclear Research, Warsaw, Poland. 
Principal scientific investigator 

J. Aleksandrowicz. 

Period of the contract 

14 December 1959 - 14 July 1961. 
Background 

The purpose of this contract was to determine burn-up in the Polish research 
reactor using cobalt wires attached to the reactor fuel elements. 

The Polish research reactor (type W R - 5 ) is a 2-MW water moderated and 
cooled reactor which uses 10% enriched uranium for fuel. Fuel elements are made 
of U-Mg-ceramics, cylindrical in shape and Al clad. Maximum thermal neutron 
flux in the reactor is 2 X Ю13 n/cm2s. Burn-ups of 1. 2 to 4. 4% were investigated. 
Experimental part 

The total burn-up in a fuel element was determined by integrating the burn-
up in a cross-section of the fuel element throughout its length. Radial burn-up 
distributions were not investigated. Local burn-ups were determined by inte-
grating local neutron flux in time using an activation detector. The detector 
selected was Co59 in the form of 1 or 1. 5-mm diameter wire made of a special 
Co-Al alloy. The wires were attached to the fuel elements as shown in Fig. 1. 
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After irradiation in the reactor the activity of each centimeter of wire was meas-
ured by means of a scintillation counter. The integration of the activity distribu-
tion along the fuel rod was proportional to the burn-up in that rod during the time 
that the wire was attached to it. 

Four wires were attached to each of the four central elements in^six different 
fuel assemblies (there are sixteen fuel elements in each fuel assembly). The fuel 
assemblies were placed in the reactor at different times, and all were removed 
from the reactor simultaneously so that the effective irradiation period (after 
shut-down corrections) was 3.4 months for assemblies 1 and 2, 2. 6 months for 
assemblies 3 and 4, and 1. 6 months for assemblies 5 and 6. Typical activity 
distributions in the four elements with wires in assembly 5 are shown in Fig. 2. 

The purely theoretical correlation between the activity of the monitor and 
the burn-up is complicated by the following two facts among others: 

F i g . 2 

A l - C o w i r e s a c t i v i t y d i s t r i b u t i o n f o r f u e l e l e m e n t s i n f u e l a s s e m b l y N o . 5 

(a) The neutron absorption cross-section of Co59 has two strong resonances 
at 135 eV and at 5000 eV; 

(b) The neutron spectrum (especially the resonance spectrum) is different 
in the periphery of the fuel elements and within them. 

For this reason a direct calibration of the method was necessary. A ther-
mally insulated loop was constructed which took the place of a fuel assembly and 
contained a fuel element with eight wires attached to it (Fig. 3). Provision was 
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Fig.3 

Construction of the experimental loop 

made to measure accurately temperature drop and coolant flow through the loop. 
The loop was calibrated by means of an electric heater which replaced the fuel 
element. The loop was in the reactor for six months, during which time wires 
were removed from it in pairs at different times. 

Conclusions 

The need for calibrating the method by way of a special loop for each type of 
fuel element and reactor makes its application difficult. The technical problems 
associated with attaching and detaching the wires to and from the fuel elements 
are serious. 
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The main source of error appeared to be in the detector itself, i . e . lack of 
uniformity in the diameter of the wire and/or in the distribution of Co along the 
wire. 

The final answer regarding the possible accuracy of this method would be 
given by a chemical analysis of one or more of the monitored fuel elements. It 
has not been possible so far to perform such an analysis. 
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RESEARCH CONTRACT No. 72/US 

Title 

Mechanism of proteolysis of I131-labelled fibrinogen. 

Research institution 

Department of Health Protection, Institute of Nuclear Research, Warsaw, 
Poland. 

Principal scientific investigator 

E. Kowalski. 

Period of the contract 

14 December 1959 - 13 December 1961. 

Background 

Haemorrhagic diathesis is a constant accompanying symptom of radiation 
disease. The pathogenesis of haemorrhage is not yet explained, though several 
hypotheses have been proposed. An activation of the fibrinolytic system after i r -
radiation has recently been suggested by several authors (Cronkite 1950, Cliffson 
1952) as a possible causal factor in the post-irradiation haemorrhagic diathesis. 
Experimental findings of different authors who studied the effects of ionizing ra-
diation on individual components of the fibrinolytic system are however contro-
versial. The fibrinolytic activity in dogs after irradiation with lethal doses of 
X-rays was.therefore examined. Several analytical experiments in vitro were 
also carried put. 

Summary of results 

The mechanism of fibrinolysis under the action of proteolytic enzymes, plas-
min and trypsin was studied using fibrinogen labelled with I131. The kinetics of 
fibrinolysis and the degree of digestion were estimated by paper electrophoresis 
and by measuring the radioactivity remaining in solution after precipitation of 
proteins with trichloroacetic acid or with tungstate. It was found that by diges-
tion of I131-labelled fibrinogen, high molecular radioactive break-down products 
were released which showed the electrophoretic mobilities of alpha, beta and 

1 
gamma-globulins. Radioelectrophoretic curves showed that the products of I -
labelled fibrinogen digestion in vivo and in vitro were quantitatively and qualita-
tively similar. 

The effects of ionizing radiation on the coagulation system and fibrinolytic 
activity were studied in dogs. Mongrel dogs were irradiated with a 600 r whole-
body X-ray dose. During the course of post-irradiation syndrome, all routine 
clotting tests as well as assays of the specific activity of various clotting and 
fibrinolytic factors, among them contact factor РТА, factor V, VI, VIII, IX, Hag-
aman, were carried out. The most pronounced changes consisted in thrombocy-
topenia and prolongation of the whole-blood clotting time. The latter was probably 

31 



due to the first, since simple addition of kephalin was sufficient to correct blood 
clotting time, prothrombin consumption and thromboplastin generation. Plasma 
clotting factors, even the very labile one, appeared to be resistant to the applied 
radiation dose. They remained largely unchanged during the whole period of ob-
servation except for some of them, which showed slightly increased activity. There 
was a significant increase in the fibrinogen level to thrice the control values; the 
euglobulin-lysis time was markedly prolonged. The activity of the plasminogen 
activator and the plasminogen level were found to be normal but there was a defi-
nite elevation of the anti-plasmin titer in all cases. All the observed changes ran 
parallel to the course of the disease and were most pronounced before the death of 
the animals. 

Conclusions 

Contrary to what was expected, examinations in dogs irradiated with an LD 
100 of X-rays revealed an inhibition of the fibrinolytic activity of the plasma. 
This inhibition could be explained by an increase in the anti-plasmin activity of 
the serum. Simultaneously, a decrease in blood clotting ability was observed. 
The kinetics of all changes proceeded parallel with the development of the clinical 
symptomatology of the acute radiation syndrome. An activation of the fibrinolytic 
system cannot therefore be a pathogenic factor in the development of the post-
irradiation haemorrhage in dogs. 

Papers published on work done under the contract 

KOPEC, M., WEGRZYNOWICZ, Z . , LOPACIUK, S. and BEER, J., Fibri-
nolytische Aktivitat im Strahlensyndrom bei Hunden, Thrombosis et Diathesis 
Haemorrhagica 5 (1961) 583. 

BEER, J., NIEWIAROWSKI, S., ROSIEK, O. and KOWALSKI, E., Dyspro-
teinaemia after injection of 1311-labelled fibrinogen into dogs. Bulletin de 
l 'Académie Polonaise des Sciences Cl. II, 9 (1961) 109. 

LI PINS КЗ, В. and KOWALSKI, E. , Isolation and purification of a glycopro-
tein fraction from fibrinogen digested by plasmin. Report No. 252/X, Polish 
Academy of Sciences, Institute of Nuclear Research, Warsaw (1961) 5. 
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RESEARCH CONTRACT No. 19 

Title 

An investigation of the radio sensitivity of spermatogonia of Drosophila mel-
anogaster. 

Research institution 

Norsk Hydro's Institute for Cancer Research, Oslo, Norway. 

Principal scientific investigator 

P. Oftedal. 

Period of the contract 

10 December 1959 - 9 December 1961. 

Background 

Large- scale experiments have been carried out in recent years on radiation-
induced genetic damage in mice. In these experiments mutation rates after i r -
radiation of the spermatogonial stage have been established for specific gene loci. 
On the other hand, the great amount of information so far gathered in genetic ex-
periments on Drosophila melanogaster dealt almost exclusively with mature 
sperm. In order to get the meaningful cross-reference between Drosophila and 
mammals, additional data from experiments using identical biological conditions 
were felt important. The lack was most pronounced for the low radiation dose 
range. Such data would be of considerable help in linking mouse data (which are 
mainly spermatogonial aftd obviously of more interest in drawing conclusions re-
levant to man) with the quantitatively much more extensive Drosophila results. 

Experimental part 

The object of the study was to measure the effect of ionizing radiation on the 
genetic material in the spermatogonial stages of Drosophila germ cells. Sperma-
togonial mutation data can only be obtained by means of rather laborious proce-
dures. A new methodological approach was used in the present study. The best 
method for obtaining spermatogonial mutation rates was thought to be the irradia-
tion of embryos of about 18 hours age and the testing of the progeny produced by 
the males derived from these embryos. In order to avoid a selective loss of cells 
which were in more sensitive stages of their mitotic cycle at the time of irradia-
tion, low doses of radiation were applied, the largest being 16 5 r. 

Irradiation was performed with 180-keV X-rays, the doses being measured 
with Moxnes and Duplex ionization chambers. The irradiated embryos came from 
Canton S wild type flies, and the standard M-5 technique was used for the scoring 
of sex-linked recessive lethals. In order to avoid the problem of clusters of mu-
tations, inherent in the testing of spermatogonia, only one female from the pro-
geny of each irradiated male embryo was tested. 
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Results 

A total of 56 series of irradiation were performed, each consisting of treat-
ment with 0, 55, 100 and 165 r to groups of embryos collected over the same 
period. The summarized values of chromosomes tested, lethals found and inci-
dence in per cent are presented in Table I. 

TABLE I 

Radiation dose (r) 0 55 110 165 

n chromosomes tested 25650 21538 21154 20860 

n lethals 76 86 89 90 

lethals in % 0. 296 ± 0. 034 0. 399 ± 0. 043 0. 421 ± 0. 045 0. 431 ± 0. 045 

Total 25650 63552 
0. 417% 

Although variations in the material were great, statistical analysis of the 
differences between pooled irradiated groups and appropriate controls showed a 
significant effect of the radiation treatment. If it is assumed that the dose-effect 
relationship is linear, the regression coefficient is significantly different from 
zero: 

Significance of the effect of radiation treatment: 

Xi = O r X2 = (55 r + 110 r + 165 r) 

_ / Я 2 Ч 2 \ 2 

t = (X2 + U = 1.964 

Regression coefficient calculated with four points: 

b = 0.0423 ± 0.0155 corresponding to 7.69 X 10"6 mutations/r. 

This coefficient corresponds to about 0. 77% mutations per 1000 r, which is 
one third to one fourth of the sensitivity commonly ascribed to mature Drosophila 
spermatozoa. However, since a non-linear dose-effect relationship is equally 
probable, under an alternative assumption the initial sensitivity would be higher, 
possibly the same as in spermatozoa. It was not possible to distinguish between 
these two hypotheses on the basis of the present material. 

Conclusions 

A radiation effect of relatively low doses (55, 110 and 165 r) on spermatogonia 
of Drosophila melanogaster was demonstrated and the basis for a quantitative eval-
uation of the effect worked out. The needs for information on related phenomena 
were clarified, particularly in respect to the shape of the dose-effect curve with 
higher doses, the question of elimination of damaged spermatogonia, and the pos-
sibility of qualitative differences between spontaneous and radiation-induced mu-
tations. 
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RESEARCH CONTRACT No. 19 

Title 

Non-destructive analysis of irradiated fuel elements by gamma ray scanning. 

Research institution 

Institutt for Atomenergi, Kjeller, Lillestr^m, Norway. 

Principal scientific investigators 

P. Kristiansen and T. R^geberg. 

Period of the contract 

14 December 1959 - 14 December 1961. 

Background 

Under this contract feasibility studies on two approaches to the problem of 
non-destructive analysis of irradiated fuel elements were made. 

Method 1: By use of a crystal spectrometer, an attempt was made to meas-
ure the intensity of the Kor lines from Pu, relative to those of U. The purpose of 
this method was to determine the Pu content of the fuel. 

Method 2: By use of a scintillation spectrometer, the gamma spectrum from 
fuel samples was measured. From this the content of the isotope Cs137 and the 
burn-up of U235 was calculated. 

Measurements have been performed on two slugs from fuel elements, re-
moved from the JEEP reactor at the Institutt. Slug 1, which had been subject to 
a burn-up of about 210 MWd/t, was analysed after a cooling time of 85 d by Method 
1 and after 120 d by Method 2. 

Slug 2, which had been subjected to a burn-up of 390 MWd/t was measured 
after a cooling time of 13 d by Method 1. 

Experimental part 

Method 1: The f irst purpose of the experiments was to determine whether 
the radiation from the fission products was sufficient to excite fluorescent X-rays 
of sufficiently high intensity for spectroscopy. The second problem was to find 
out whether the resolution of the spectrometer was sufficient to resolve the К a 
lines. To obtain as high an intensity as possible the resolution should be just suf-
ficient to resolve the lines. These measurements were carried out on test samples. 
Lastly, measurements were made on actual fuel slugs. 

For these experiments an existing neutron spectrometer suitably modified 
was utilized (Fig. 1). A good single crystal of L iF was used as analyser. The 
thickness of the crystal was 1 cm which is close to the optimum thickness for dif-
fraction of the К lines of U and Pu. The detector consisted of a 1.5 mm-thick Nal 
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Sketch of the experimental set-up. 
1 Shielding 
2 Test sample 
3 Collimator 
4 LiF crystal 
5 Shield 
6 Nal crystal 
7 Photomultiplier 

crystal combined with a photo-multiplier and a single channel analyser. For ad-
justing the equipment, measurements were f irst made in the direct beam of a 
200-mc Cs131 source. 

Method 2: The equipment used for this method consisted of a Nal crystal, 
photo-multiplier, preamplifier and a 256-channel analyser. After the instrument's 
resolution was determined, preliminary experiments were performed with separ-
ate Cs137, Nb and Zr-Nb sources. A measurement was then made on an irradiated 
UO3 sample. This experiment provided evidence of Cs137 activity, but due to the 
very small amount of Cs137 present, did not permit an accurate quantitative eval-
uation. Finally, measurements of the 7 -spectra were performed with an irradia-
ted fuel slug. Af ter the experimental spectrum was obtained, the part of it which 

1 47 
was due to С s activity was obtained by subtracting the contributions of peaks of 
energy higher than that of Cs137 (Fig. 2). For this purpose auxiliary spectra were 
obtained by using calibrated sources. By comparing the obtained Cs activity 
with that of a standard Cs137 source, the amount of Cs137 present in the slug was 
calculated. From this the total number of fissions and the corresponding burn-up 
were computed. A comparison of this figure with the results of a chemical analy-
sis led to the conclusion that it was correct within ± 35%. 

Conclusions 

Method 1; Using test samples it was possible to resolve and identify the K a j 
lines in the second order spectrum from Pu and U. Measuring on Slug 1, the UKa^ 
peak was visible; the counting rate, however, was very low. No Pu peaks appeared. 
Measuring on Slug 2, the U K a j peak was clearly visible and a small peak appeared 
which may have been partly due to the Pu Kai X-rays . The composition of the peak 
will have to be established by further experiments involving higher Pu concentra-
tions. 

If the peak were solely due to Pu Ka\ emission, this would indicate a very 
great concentration of Pu in the outer layers of the rod. 

No estimate of the Pu content could be made from the results of the measure-
ments and the method does not seem suitable for measuring such low Pu concen-
trations as occurred in Slug 1 and Slug 2. 
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Fig. 2 

Decomposition of spectrum I. 
Curve 1: Original spectrum 
Curve 2: 0.79-MeV peak subtracted 
Curve 3: 0.764, 0.79-MeV peaks subtracted 
Curve 4: 0.724, 0.764, 0.79-MeV peaks subtracted 

The method is expected to be more successful when higher Pu concentrations 
are involved. 

Method 2: The f irst main problem was to separate the 0. 661-MeV line of Cs137 

from the 0. 724, 0. 759 and 0. 764-MeV activities due to Zr95-Nb95 decay. 
The second main problem was to relate the measured Cs activity to the Cs137 

content of the rod, taking into account attenuation in the collimators, radial distri-
bution of fission products and other geometrical corrections. 

The final value for Cs content agreed with the result of the chemical analysis 
within 25%. 

Allowing for a possible 10% error in the quoted data for the fission yield of 
Cs137, it seems that the obtained figure for burn-up of U235 is correct within limits 
of ± 35%. 

It is believed that by improving the experimental conditions as to background 
etc., the Cs content could probably be determined with an accuracy of 10-15%. 
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RESEARCH CONTRACT No. 19 

Title 

An investigation of the factors which influence the movement of radioactive 
strontium from soils to plants. 

Research institution 

Commonwealth Scientific and Industrial Research Organization, Division of 
Plant Industry, Canberra, Australia. 

Principal scientific investigator 

J. V. Po s singham. 

Period of the contract 

15 December 1960 - 14 December 1961. 

Background 

The behaviour of trace elements in soils and their uptake by plants is gov-
erned by a number of factors, such as 

1. The physical and chemical characteristics of the soil, i . e . the magnitude 
of the adsorption complex, the nature of the clay minerals and the ab-
sence or presence of precipitated salts; 

2. The proportion in which elements, that are similar in nature to the trace 
element, are distributed between the soil adsorption complex and the soil 
solution; 

3. The moisture content of the soil; 
4. The absence or presence of other ions; 
5. The nutritional status of the crop; and 
6. The plant species. 
In order to investigate systematically the relative importance of these factors 

with respect to the behaviour of Sr in the soil-plant system, a number of experi-
ments were carried out, using Sr85 as the tracer. Sr85 was selected because of 
its ease of assay, as this isotope is a pure gamma-emitter of high enêrgy. 

Results 

The initial work was concerned with the establishment of suitable labelling 
and counting techniques. Subterranean clover, which is used extensively in. Aus-
tralian agriculture, was grown in pots containing two different types of soil of low 
and high calcium status, respectively. A neutral solution containing Sr85 was 
added to the pots three weeks after germination. A comparison was made between 
various methods of application, i . e . pouring on the surface, mixing with some soil 
prior to application, alternative wetting and drying, and application before and at 
the time of planting. Plant samples were analysed for Sr six weeks after the 
application was made. It was found that under these conditions the Sr85 recovery 
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ranged between 8 and 23%. The optimal level of application was 1. 0 j jc Sr85 per 
pot. The method of application appeared to have little effect on the results, and 
therefore pouring on the surface was selected as the standard method for further 
investigations. 

A series of experiments using the above-described technique was carried 
out with a great number of soils of widely different Ca status and cation exchange 
capacity. It could be established that the Sr85 uptake by clover was negatively 
correlated with the amount of exchangeable Ca in the soil and positively corre-
lated with the cation exchange capacity. The regression lines were of a curvi-
linear nature. In general, changes in exchangeable Ca between 6 and 20 meq per 
100 g soil had little effect on the amount of Sr85 which was taken up by the plant, 
whereas a close negative correlation obtained between Sr85 uptake and exchange-
able Ca content below 5 meq/100 g soil. 

It could be observed that Sr85 uptake was greatest when the plants showed Ca 
deficiency symptoms, which suggests that the plant factor, i . e. the Ca status of 
the plants is an important factor governing Sr uptake. In order to investigate the 
effect of the Ca status of a plant on the Sr uptake, experiments were carried out 
growing the clover in water culture, thus enabling a control of the Ca content of 
the growth medium. Ninety-six clove seeds were grown in 15-1 containers at 
levels of 2, 4, 20, 40 and 200 ppm Ca and received 7. 1 ¡л с Sr85. Samples of roots 
and tops were taken at six-day intervals over a forty-day growing period and ana-
lysed for Ca and Sr85 content. The uptake of Sr was found to be inversely related 
to the Ca content of the solution; the initial uptake of Sr by the plant tops was 
greater the lower the Ca level, and became very much reduced after the twentieth 
day. As large differences in yield, due to different degrees of Ca deficiency, may 
obscure the relation between Ca and Sr uptake, an experiment was carried out 
whereby the uptake of Sr^was determined in the absence or presence of Ca and/or 
stable Sr. The results that were obtained showed that plants are able to take up 
considerable quantities of Sr and can replace Ca to a certain extent when the latter 
becomes deficient, which seems to suggest that Sr may have a metabolic function 
in the plant. This may be illustrated by the results of an experiment whereby the 
plants were grown in solution of varying proportions of Ca and Sr. Leaf area 
measurements were made by visual comparison with standards at 0, 3, 7, 9, 11, 13 
and 15 d. A definite response to Sr additions was obtained. 

I I Í j P <0.05 

F i g . l 

Response by calcium-deficient plants to strontium. 

4 0 



Conclusions 

The uptake of Sr by subterranean clover is governed by the Ca status of both 
the soil and the plant. Massive uptake of Sr may occur when the plants are Ca 
deficient. Positive growth responses to Sr additions could be obtained under such 
Ca deficient conditions. The existence of a definite metabolic function of Sr has 
been indicated. 

41 





RESEARCH CONTRACT No. 19 

Title 

Studies on the biological concentration of fission products in molluscs from 
water, with special reference to an index of radioactivity in water. 

Research institution 

Nuclear Centre of Ispra, Várese, and Instituto Italiano di Idrobiologia, 
Pallanza, Italy. 

Principal scientific investigators 

A. Berg, M. Merlini, O. Ravera and V. Tonolli. 

Period of the contract 

1 October 1960 - 30 September 1961. 

Background 

The organisms in an aquatic environment concentrate many of the chemical 
elements present in that environment. When radioisotopes of chemical elements 
which are concentrated by these organisms are introduced into the aquatic en-
vironment, they may be similarly concentrated. Radioisotopes of a few uncom-
mon elements such as caesium and strontium may also be concentrated in the 
biota because they follow metabolic pathways similar to those of essential ele-
ments of the same chemical group to which they belong. Empirical studies have 
been made on segments of the biota in the environment near several nuclear in-
stallations to determine the pattern of uptake of significant radioisotopes. Further 
basic information is needed on the effect of the variables. 

Experimental part 

Total beta-radioactivity of Lago Maggiore waters has been measured since 
1958, and at the end of 1960 was 3 pc/1. The measured contribution of Sr90 to the 
total activity at that time was 0. 27 pc/l. Concentrations for the preceding eight 
years (1952-60) were estimated, with the factors involved in the behaviour of Sr90 

1 Q7 
and Cs in their passage from fall-out to lake waters being taken into account. 

In order to develop data on the total beta-activity of the sediments of Lago 
Maggiore, collections were made by the use of a Jenkin mud-sampler in January, 
February and May 1961 at depths of 100, 50 and 20 m along one course and 3 60, 
50 and 20 m along another course. The results are shown in Table II. 
In January 1961 a core of lacustrine mud taken by means of a Jenkin core sampler 
in a very deep zone of Lago Maggiore (313 m) was analysed for total beta-activity 
by sectioning into layers 3 mm deep. The results are shown in Table III. 
"Zooplankton" and "phytoplankton" samples were collected in winter and summer 
and analysed by gamma-spectrometry. These results are shown in Tables IV 
and V. 
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TABLE III 

ESTIMATES OF SR90IN LAGO MAGGIORE WATERS - 1952-60 

Year pc/I 

1952 0.01 

1953 0. 03 

1954 0.07 

1955 0. 10 

1956 0.14 

1957 0. 16 

1958 0.21 

1959 0. 30 

1960 0. 27 

TABLE II 

TOTAL BETA-ACTIVITY EXPRESSED IN PC/G, WET WEIGHT OF THE 
SEDIMENT COLLECTED AT A DEPTH OF 0. 2 m FROM DIFFERENT LAKES 

Station Ghiffa 

Depth 13. February 1961 13. May 1961 

(m) Total beta 
activity 

(pc/g w. w. ) 

Concentration 
Factor 

Total beta 
activity 

(pc/g w. w. ) 

Concentration 
Factor 

20 15. 60 7 800 - 5 200 25. 74 12 870 - 8 580 

50 35. 49 17 745 - 11 830 26.13 13 065 - 8 710 

360 39. 39 19 695 - 13 130 22. 62 11 310 - 7 540 

Station Raneo 

Depth 
Cm) 

30. January 1961 13. May 1961 
Depth 
Cm) Total beta 

activity 
(pc/g w. w. ) 

Concentration 
Factor 

Total beta 
activity 

(pc/g w. w. ) 

Concentration 
Factor 

20 23. 40 11 700 - 7 800 21.84 10 920 - 7 280 

50 33. 54 16 770 - 11 180 28.86 14 430 - 9 620 

100 35. 49 17 745 - 11 830 27.79 11 895 - 7 930 

The results show that in Lago Maggiore the amounts of radionuclides accu-
mulated in the plankton organisms represent only a very small part of the radio-
nuclides present in the water. Considering Sr90, which was shown to be the most 
important radionuclide in the plankton samples, the level of its accumulation in 
plankton organisms was estimated as follows: 
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TABLE III 

TOTAL BETA ACTIVITY 'OF THE SUCCESSIVE LAYERS OF SEDIMENT CORE 
COLLECTED IN LAGO MAGGIORE (1961) 

Layers from the Total beta 
top of the core activity 

(mm) (pc/g w. w. ) 

0 - 3 19. 09 

3 - 6 18. 95 

6 - 9 20.71 

9 - 1 2 31. 55 

12 - 15 41. 24 

1 5 - 1 8 30.01 

18 - 21 21. 06 

21 - 24 15. 93 

2 4 - 2 7 13. 07 

27 - 30 12. 33 

3 0 - 3 3 13.51 

33 - 36 14. 13 

36 - 39 14. 17 

TABLE IV 

CONTRIBUTION OF DIFFERENT RADIONUCLIDES TO THE TOTAL BETA 
RADIOACTIVITY OF "ZOOPLANKTON" AND "PHYTOPLANKTON" SAMPLES 

Samples* 
Total beta 

radioactivity 
(pc/g fr. w. ) 

К 
(g/kg 
fr. w.) 

K40 

(pc beta/g. 
fr. w. ) 

<7oK40 

tot. beta 
Cs137 

Ru106 

Total beta 
radioactivity-

K 4 0 beta 
radioactivity 
(pc/g fr. w. ) 

W-Sp-Sp'Z. 0.71 0. 740 0.57 81 traces 0.14 

W-Sp-Sp'Ph. i ; 10 1. 046 0.80 73 traces 0. 30 

* Key : W = Winter, Sp = Spring, Z. = Zooplankton, Ph. = Phytoplankton 

(a) Maximum value of concentration factor: 500 for zooplankters, 2000 for 
phytoplankters. A mean value of 1000 is thus considered for zooplank-
ton and gross phytoplankton; 

(b) Density of plankton organisms: according to data reported above, this 
density must range between 1 and 10 ml/m (10~6 to 10"5 1/1) in the 
course of a year. Consequently, the amount of Sr90 accumulated in the 
living plankton of Lago Maggiore represents at a maximum 1/1000 to 
1/1100 (1000 X 10"6 to 1000 X 10"5) part of the amount of Sr90 present in 
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TABLE III 

CONCENTRATION FACTORS FOR RADIOACTIVITY FROM WINTER AND 
SPRING SAMPLES OF PLANKTON AND WATER 

* Radioactivity Radioactivity Concentration 
in Plankton in Water Factor 

(pc/g fr.w. ) (pc/1) 

Total beta-radioactivity Z 0.71 2. 22 Z 450 

Ph 1.10 Ph 550 

Radiopotassium Z 0. 57 1. 05 Z 545 

Ph 0.80 Ph 770 

Sr90 Z 0. 085 0. 26 Z 330 

Ph 0.180 Ph 690 

* Key: Z = Zooplankton, Ph= Phytoplankton 

the waters. This low accumulation of Sr90 in plankton is the direct con-
sequence of the low values exhibited by plankton both for its concentra-

OQ 
tion factor of Sr and for its density in Lago Maggiore waters. In another 
situation, where these values would be greater as a result of different eco-
logical conditions (eutrophic conditions of a shallow lake or even of certain 
parts of Lago Maggiore in consequence of increasing organic pollution, 
chemical composition of a lake water poorer in Ca), the accumulation in 
plankton organisms might actually become a far more important process. 

Samples of benthonic organisms were collected by use of a device specially 
designed by one of the investigators (Tonolli) and analysed with the following con-
clusions: 

(a) The greatest part of the radioactive material carried into Lago Maggiore 
is accumulated in the sediment; 

(b) The value of the total betá-activity present in the benthic organisms living 
on a square meter of bottom is only a part of the radioactivity which falls 
down during a year on the same area; 

(c) The mean value of the total beta-activity calculated for a gram of wet 
weight of benthos is higher (1. 34 pc) than the radioactivity contained in 
a gram of plankton (1. 00 pc/g wet weight). This difference may be due 
to the different levels of radioactivity in water and in the sediment. In-
deed, the total beta-activity of the lake water varies from 2 X 10"3 pc/g 
to 3 X 10~3 pc/g, whereas the total beta-activity of the wet mud is about 
28 pc/g. 
On the other hand, the quantity of radioactive materials present in one 
gram of benthic biomass is very low when compared with the level of 
radioactivity of one gram of mud. One of the more probable reasons is 
that a certain amount of radionuclides of the mud is not assimilated by 
the benthos, for instance the K40 of some minerals; 

(d) It is evident that the origin of a great deal of the radioactive material 
accumulated in the sediment of Lago Maggiore is allochthonous. 
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Macrophytes were collected from seven lakes, periphyton removed and samples 
washed, ashed and counted with the results shown in Table VI. 
Samples of the macrophytes were also counted on a 100-channel gamma spectro-
meter. 

The radiation energy spectrum of Chladophora demonstrated the presence of 
K40,Ru106, Ra, С s137 and that of Anacharis showed Ru106, K40, Cs137, Ra and Mn54. 
Ru106 was present in Anacharis and Ru106 and Cs131 in Chladophora in measurable 

TABLE VI 

TOTAL BETA-ACTIVITY (PC/G WET WEIGHT) AND CONCENTRATION 
FACTOR OF SOME SPECIES OF AQUATIC PLANTS COLLECTED (1961) IN 

DIFFERENT PARTS OF LAGO MAGGIORE 

Species Station 
Day/ 

Month 
Beta-activity 
(pc/g w.w. ) 

Concentration 
factor 

Chladophora 
glomerata Isola Madre 8/2 6. 69 3345 - 2230 

Isoetes Isola San Giovanni 4/7 4.97 2485 - 1657 

Isoetes Cicognola 29/3 3. 20 1600 - 1067 

Chara Isola San Giovanni 4/7 3. 09 1545 - 1030 

Myriophyllum 
alterniflorum Isola San Giovanni 4/7 2. 82 1410 - 940 

Potamogeton 
lu cens Isola San Giovanni 4/7 2. 60 1300 - 867 

Potamogeton 
perfoliatus Isola San Giovanni 4/7 2.51 1255 - 837 

Chara Arona 2/4 1.71 855 - 570 

Myriophyllum 
alterniflorum Cicognola 29/3 1. 39 695 - 463 

Filamentous 
green algae Cicognola 29/3 .76 380 - 253 

quantities and radiochemical separation was carried out. The concentration of 
Ru106 in Anacharis was calculated as 0. 84 pc/g dry material. The Ru106 in Chla-
dophora was found to be about 1. 23 pc/g dry material. The С s137 concentration 
in Chladophora was found to be 1. 35 pc/g. 

A device designed by one of the investigators (Tonolli) was used to collect 
randomly large numbers of Unió pictorum, L . , to measure the total beta-activity 
in different parts of the organism and to determine the individual variability of 
the radioactivity in relation to the weight of the different parts. Mn54 was noted 
in the samples; a study was therefore carried out to determine the concentration 
of Mn54 in the shells and soft tissues of Unio pictorum, L. The results are shown 
in Table VII. 
Since the lake water contains a quantity of Mn54 not measurable (less than 0. 01 
pc/1) the concentration of this radionuclide in the organism must be very high, 
ranging from 4 X 105 for soft tissues to about 14 X 103 for the shell. Differences 
in the quantity of Mn54 found in the various populations of Unio pictorum, L . , of 
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TABLE III 

CONCENTRATION OF RADIOMANGANESE (Mn54 ), CALCULATED ON THE 
DRIED MATERIAL AT 90e C, IN SHELL AND SOFT TISSUES OF UNIO 

PICTORUM, L. 

Station Date 
Mn 5 4 

pc/kg dry weight 

Ispra 30/8 1. 10 

Fondotoce 26/11 2. 50 Soft 

Arona 11/9 3. 00 Tissues 

Angera 1/9 4. 00 

Ispra 30/8 0. 15 

Fondotoce 26/11 0. 14 Shell 

Arona 11/9 0. 15 

Angera 1/9 0.13 

Lago Maggiore led the investigators to study the biometrical differences between 
populations of this organism in Lago Maggiore and Lago di Várese. It is con-
cluded that there is a noteworthy difference between the biometrical characteris-
tics of the Mn54 content of the populations of Unio. A correlation between size 
and radiomanganese content was noted. 

Viviparus ater was studied as a possible index of contamination because of 
its wide geographical distribution and its strict dependence upon the sediment upon 
which it lives and feeds. Furthermore, it breathes oxygen by means of gills and 
is more strongly influenced by the characteristics of the water than are the fresh-
water pulmonates which take up the oxygen from the air. 

The variation of radioactivity between shells and soft tissues of organisms 
collected from six different lakes was determined. Concentration factors in the 
shell and tissues of organisms collected from three lakes are shown in Table VIII. 
The concentration and deposition of radionuclides by three species of fish, e. g. 
whitefish, bleak and burbot, were studied, the f irst two species being among the 
most economically important in Lago Maggiore. Growth characteristics of these 
species were investigated. The partition of total radioactivity between bony struc-
ture and muscle in middle-aged fish, and the variation of radioactive material 

TABLE VIII 

CONCENTRATION FACTOR CALCULATED FOR THE SHELL AND SOFT 
TISSUES OF VIVIPARUS ATER 

Lake Beta-activity of the water pc/1 

Concentration Factor 

Lake Beta-activity of the water pc/1 Shell Tissues 

Maggiore 4. 0 880 285 

Várese 5. 5 898 i; 115 

Comabbio 6.5 1653 i 198 

48 



content between summer and winter were investigated. The maximum concentra-
tion factor for Sr90 in the bony structure of the whitefish in Lago Maggiore was 
calculated as 1800. The investigators point out that this factor is much greater 
than that reported by Saurov (1957) in scales and bones of four species of fish 
(concentration factor about 300), but that the difference might be explained by the 
higher Ca content of water in Saurov's experiments (40-60 mg/1) than in Lago 
Maggiore waters (20 mg/1), by the absence of contaminated food in these experi-
ments and by the less complete state of equilibrium reached in an experimental 
study than in an ecological one. It is further pointed out that the maximum con-
centration factor estimated for Sr90 in the body structures in whitefish in Lago 
Maggiore is much smaller than that reported by Krumholz and Foster (1957) for 
Sr9 in the skeleton of fishes living in water contaminated by radioactive wastes 
(concentration factor 20 000 - 30 000). It is concluded that in Lago Maggiore a 
moderate accumulation of Sr90 taking place in plankton organisms is of only small 
significance compared to the accumulation of Sr90 by fish. The lower concentra-
tion factor of Sr9 in zooplankton leads to the conclusion that crustacia feeding on 

90 
phytoplankters accumulated only a small part of the ingested Sr and that their 
chief mode of uptake of this radionuclide and of a similar element (Ca) is by direct 
absorption from the surrounding water. 

Extensive laboratory studies were conducted as an adjunct to the field studies. 
Tracers were used to follow the accumulation in animal or plant as well as its lo-
cation in a particular organ or tissue. Mn54 experiments were performed to assist 
the interpretation of the data accumulated on the presence of this isotope in the bi-
valves of Lago Maggiore. 

The final report of these investigators contains a great deal more information 
which will undoubtedly prove useful to research workers in this field and should be 
consulted. 
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RESEARCH CONTRACT No. 72/US 

Title 

Investigation of the decay scheme of Tl210 (RaC"). 

Research institution 

First Physical Institute, University of Vienna, Austria. 

Principal scientific investigator 

P. Weinzierl. 

Period of the contract 

15 August i960 - 14 December 1961. 

Background 

The investigation of decay schemes in the neighbourhood of the double magic 
пЛО 

nucleus Pb is of special interest in order to apply results of shell model calcu-
lation and to obtain some information about the interaction of nucléons within the 
nucleus. 

The excited states of a single nucleón in the field of the Pb208 core cannot be 
predicted from the theory with adequate accuracy and must be taken from empiri-
cal data. These single particle levels allow the calculation of the lowest excited 
states of those isotopes which contain two extra nucléons (or nucleón holes) in 
addition to the core, if assumptions on the interaction of these extra nucléons are 
made. This interaction contributes to the binding energy depending on the relative 
orientation of the angular momenta of the nucléons. Thus a set of excited states 
for a certain configuration of the extra nucléons is obtained. If it is possible to 
identify in the level scheme the group of excited states belonging to this configura-, 
tion, their energies can be compared with the theoretical predictions for different 
assumptions on the nucleon-nucleon interaction. A remarkable consistency be-
tween these data and those from low-energy interaction of nucléons was found by 
True and Ford. 

Extensive experimental material exists already on the excited levels of the 
nuclei Pb2 °6, Po210, and Bi210 whilst for the levels of Pb210 no reliable scheme could 
be constructed up to now. The aim of this investigation was to determine the ex-
cited levels of Pb as far as they can be deduced from the decay of Tl210. Al-
though several reports exist on the Tl210 decay, applying modern techniques to the 
problem, the unfavourable situation of source activity and half-life precluded a 
satisfactory clarification of this complicated decay up to now! 

Methods 

The Tl210 source was prepared as pure as possible, to avoid contamination by 
Pb214 and Bi214. Nevertheless, the sources were always measured for one minute 
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F ig . l 

Decay energies in T l 2 l° region 

only in order to keep the contribution by the long-lived,contamination as small 
as possible. 

The decay energy of Pb210 could be deduced from the well-investigated decay 
branch Bi214 — Po214 — Pb210 (Fig. 1). The result was 5.4 ± 0. 1 MeV. 

The beta-spectrum was measured by means of an anthracene scintillation 
crystal (1 cm thick) and a multi-channel analyser. The crystal was covered with 
an A l - f o i l of 2 mg/cm2 as a reflector and light shield. The natural background of 
the detector surrounded by 5 cm lead was very small as compared to the correc-
tions concerning: 

(1) the gamma-ray of Tl210 and of Pb214 and Bi214 contamination; 
(2) the beta-rays of the Pb214 and Bi214 contamination. 

These two corrections were made and the energy calibration of the beta-spectro-
meter obtained with test sources(Cs137, P32, Y 9 1 ) . The resolution of the Cs137 

conversion line was 10% 
The gamma-spectrum was measured by a Nal (Tl) crystal on a photomulti-

plier and was separated in its components by subtracting standard spectral shapes 
successively starting from the spectral..distribution. 

oi л 
The search for an alpha activity of T l sources was carried out by means of 

a CsI(Tl) crystal and repeated with a semi-conductor detector having a 15% energy 
resolution. No alpha-branch in the Tl210 decay or from an excited state of Pb210 

existed experimentally with an intensity higher than 0. 5%. 
The search for a long-lived gamma-emitting isomer and for a beta-decay 

from an excited state of Pb210 was described. 
The neutron emission from Tl210 wás investigated. The detector system, 

which had a high neutron efficiency and very low gamma-sensitivity, was a scin-
tillation detector containing B10 enriched to 9% and ZnS(Ag). Paraffin layers be-
tween source and detector served as moderator substance, the surrounding paraf-
fin cylinder as moderator and reflector. The result was that if one assumed that 
the highly excited state responsible for the neutron emission decays only by the 
mode (Pb210 — Pb209 + n), the neutron intensity would be equal to the intensity of 
the beta-branch leading to this state. This led to a partial half-life of this beta-
branch of 1. 2 X 106 which would correspond to a beta-energy of E m a x between 50 
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and 220 keV. This would be in good agreement with the available decay energy as 
demonstrated in Fig. 1. Four types of coincidence measurements were carried 
out: 

1. Beta-gamma coincidence measurements (with resolving time of 5 X Ю"8 ) ; 
2. Gamma-gamma coincidence measurements, prompt (with resolving time 

of 4 X 10~7); 
3. Gamma-gamma coincidence measurements, delayed; and 
4. Gamma-sum coincidence measurements. 

Results 

In Fig. 2 all the results have been included in the construction of the decay 
scheme of Tl210. 

In Table I the gamma-energies are listed according to the spectrum analysis 
and the energy calibration. But the errors involved are of the order of 1%, and 
therefore the consistency of the level energies resulting from sums and dif fer-
ences of these energies cannot be better than this. It has therefore been decided 
to include in the level scheme of Fig. 2 all energies only with three significant 
figures. 

Fig.2 

Decay scheme of Tl210 and theoretical level scheme of Pb210 
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TABLE III 

Mayer-Kuckuk 
1956 

P. Weinzierl 
1957 

This report 

keV keV Intensit. keV Intensit. 

1. x 93 ± 3 4 ± 2 % 

2. 297 ± 8 298 ± 5 71 ± 8 <7o 286 ± 3 80 ± 10°¡o 

3. 372 ± 16 4 à 2 <Уо 

4. 425 ± 5 3 ± 2 % 

5. [520 + 20] 480 ± 10 2 ± 1 % 

6. 783 ± 10 800 ± 10 100 °lo 794 ± 3 100 <Уо 

7. 911 ± 9 8 i 3 I/o 

8. [1. 07] 1100 ± 30 10 ± 5 1o 1054 ± 10 12 ± 3 <7o 

9. [1.1] 1119 ± 10 1 ±2 % 

10. 1230 ± 30 12 ± 4 °]o 1198 ± 10 17 ± 4 °¡o 

11. [1.3] 1340 ± 30 9 ±3 °Jo 1302 ± 5 21 ± 5 °]o 

12. 1398 ± 10 5 ± 2 °¡o 

13. 1479 ± 10 2 i 1 <Чо 

14. 1550 è 20 2 ± 1 <Уо 

15. 1590 ± 20 2 ± 1 % 

16. 1670 ± 20 2 ± 1 % 

17. 2000 ± 50 , 12+6 % 1995 ± 5 1 ±2 % 

18. [2090 ± 60] 2101± 20 5 ±2 "¡o 

19. 2285 ± 25 3 ± 2 °/o 

20. 2360 è 50 2350 ± 50 18 ±6 °/o 2365 ± 25 8 ± 2 "Jo 

21. [2460 ± 60] 2450 ± 15 9 ± 3 °!o 

Conclusions 
91 П 

Shell model calculations for Pb have been done with assumptions of some 
single particle states for Pb209. 

While the accuracy of the beta-spectrum measurement did not allow conclu-
sions on the type of beta-decay, a consideration of spin and parities of the nucle-
onic states before and after the beta-decay have led to a rather clear prediction. 

In Fig. 2 the experimental decay scheme is compared with the theoretical 
results. The general structure of the levels below the core excitation energy is 
satisfactorily represented by a shell model calculation using the zero range ap-
proximation and adapting the energy interaction parameter to the 794-keV first 
excited state. The ground state and the f irst two excited states belong with high 
probability to the configuration (2g 9/2)2, the spin sequence being 0+, 2 +, 4+. 
Quantitative comparison of the energies of the f irst two excited states disagrees 
by about 20% with the results of the simple theory using a zero range approxima-
tion for the potential between the two extra neutrons. This is the same discre-91 ft pancy as encountered in the very similar case of Po¿ iü with zero range approxi-
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mation. The comparison shows further that configuration mixing alone is not 
likely to remove this quantitative disagreement. Elaborate calculations using 
different types of potentials for the internucleon forces seem to be indicated to 
clarify this point and would be especially promising in the case of Pb210. 
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RESEARCH CONTRACT No. 72/US 

Title 

Calcium balance studies in metabolic bone disease. 

Research institution 

First Medical Department, University of Vienna, Vienna, Austria. 

Principal scientific investigator 

H. Jesserer. 

Period of the contract 

15 December 1960 - 14 December 1961. 

Background 

The element calcium is essential to the body both for building the skeleton 
and also for participation in many vital metabolic processes. The interrelation-
ship between these roles of Ca is under the control both of hormones (e. g . , para-
thyroid hormone) and vitamins (notably vitamin D), and is influenced by various 
diseases. 

In addition to its interest on its own merits, Ca metabolism is of interest 
90 

also because of the chemical similarity between Sr and Ca. The isotope Sr is 
among the most hazardous of the fission products, and all refinements in our 
understanding of Ca metabolism improve our ability to restrict Sr90 incorporation 
in the skeleton or to accelerate its elimination once in the skeleton. 

To the tools available for the study of Ca metabolism the isotope Ca47 has re-
cently been added. Its particular radiation characteristics give it certain distinc-
tive advantages over previously available Ca tracers. 

The primary purpose of this research contract was to clarify the metabolism 
of Ca in the body as influenced both by disease and by treatment with vitamin D. 
Its secondary purpose was to test the practicality of Ca47 as a research tool, and 
to establish reliable methods for its use. 

Experimental part 

Calcium metabolism was examined in 31 patients having various diseases. 
About 20 y.c Ca47 were injected intravenously. For a subsequent period of 9 - 13 
days the concentration of this activity and of stable Ca in plasma, urine, and 
faeces was observed. In many of the patients a dose of vitamin D was injected 
about seven days after administration of the Ca47, and its influence on the Ca47 

metabolism was studied. 

Conclusions 

During the short duration of this contract the most important conclusion 
reached was that Ca47 is a very useful and convenient tracer, but that certain of 
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its rather unusual radiochemical properties demand particular care for its pro-
per utilization. This re-emphasis of the need for suitably reliable detection tech-
niques will be of value to other users of this isotope. 

Effects of vitamin D on Ca metabolism were demonstrated which merit further 
study, although a detailed follow-up of these effects was not possible in this con-
tract. It appears that vitamin D used under these conditions slows the net rate of 
disappearance of Ca tracer from the plasma, probably as a result of stimulating 
return to the blood of tracer previously incorporated in the skeleton. Differences 
were noted in the magnitude of this effect between different diseases. The effect 
was associated with the as yet incompletely understood influence of vitamin D on 
skeletal remodelling. 
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RESEARCH CONTRACT No. 72/US 

Title 

The development of radioactive drugs with special reference to tritiated drugs 
as radiotherapeutic agents. 

Research institution 

Department of Radiotherapeutics, University of Cambridge, and Radiothera-
peutic Centre, Addenbrooke's Hospital, Cambridge, United Kingdom. 

Principal scientific investigators 

J.S. Mitchell and D. H. Marrian. 

Period of the contract 

1 December 1960 - 30 November 1961. 

Background 

It has been suggested that a useful approach to the therapy of cancer would 
be the development of organic compounds which are selectively concentrated in 
malignant tissues and carry radioactive atoms. In this way, the radiation ad-
ministered would be higher in the malignant tissue than in normal parts of the 
body. This approach is based upon the assumption that there are differences in 
biochemical behaviour between normal and malignant cells. During the past eight 
years, this group of workers have been mainly concerned with studies of the radio-
sensitizing action of phosphorylated methyl-naphthohydroquinones and in particu-
lar Synkavit (tetrasodium-2-methyl-1. 4-naphthalquinol diphosphate) which is a 
synthetic vitamin К compound. The radio sensitizing action of this compound has 
been demonstrated in experimental studies using tissue cultures and the Walker 
red carcinoma [1]. A number of clinical trials with this substance have also been 
carried out [2, 3], which have shown that intravenous injection of this drug has 
been of value in the treatment of patients suffering from inoperable bronchial car-
cinoma. Following a combination of drug and X-ray treatment, survival time was 
increased together with a general clinical improvement. The present studies 
arose from this previous work when it was found that patients experienced focal 
pain and sensation in regions where there were tumours following, intravenous in-
jection of Synkavit. Subsequently, it was demonstrated that Synkavit is concen-
trated in malignant cells of some human and animal tumours. Studies of the dis-
tribution and selective concentration have been made using fluorescent and radio-
active labels. As a result of such studies it seemed that labelled Synkavit might 
be a means whereby radiation could be concentrated within tumours. In early 
work, Synkavit labelled with I131 and BrS2 was used, but these radioactive labels 

[1] MITCHELL and SIMON-REUSS, Nature 160 (1947) 98. 
[2] MITCHELL, Brit. J. Cancer 7 (1953) 313. 
[3] MITCHELL, Studies in Radiotherapeutics, Blackwell Scientific Publications, Oxford (1960). 
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were rapidly removed in the body. Attention was then turned to the use of tritium 
since it was unlikely that the radioactive label would be easily removed and more-
over, the physical properties of tritium would ensure that only cells containing 
the labelled drug would be irradiated. Attempts to prepare a tritiated drug by the 
Wilzbach gas exposure method were unsuccessful but finally a successful method 
of synthesis involving the reductive dehalogenation of 6-iodo-2-methyl-1:4 naphtho-
quinone has been achieved. This method yields a product of high specific activity. 

Laboratory and clinical studies 

Measurements have been made of the specific activities of tumours, of bone 
marrows and muscle samples obtained post mortem from 10 patients and of biopsy 
specimens from 6 patients. Serial biopsy studies have given some indication of 
the biological half-life of the drug within the tumour. An average value for the 
biological half-life was of the order of 12 days for various tumours and this is 
supported by data obtained from post mortem specimens, bearing in mind that 
great caution should be used in interpretation of data obtained from this source. 
Corresponding values for normal tissue are of the order of 3 to 6 days. It has 
been calculated that 1 mc of tritium per gram of tissue delivers a dose of 293 rad/ 
24 h. 

In order to restrict as much of the radiation as possible to the tumour and to 
keep irradiation of normal tissues to a minimum, many of the cases have been 
treated by injection of the drug into an artery adjacent to the tumour. Attempts 
have also been made to study the possibilities of rapid intra-arterial injection re-
peated at various time intervals. A useful criterion of the effectiveness of tumour 
uptake appears to be the ratio between the specific activity of tumour tissue and 
bone marrow (T/M). In most of the tumours examined T/M was greater than 1 
and in some cases it was as high as 7. Radioautographic methods have been de-
veloped for an approximate evaluation of T/M. 

Forty-eight patients have been treated with tritiated Synkavit; in 13 this treat-
ment produced useful palliation as judged by criteria such as relief of pain and di-
minished necessity for the use of analgesic drugs. In many of the other cases there 
was no evidence of either substantial improvement or striking relief. 

Conclusions 

The clinical results obtained with the use of tritium-labelled Synkavit have 
so far been of a mainly negative character. It is, of course, well known that this 
field of work is difficult and the results obtained are often disappointing or diff i-
cult to interpret. Nevertheless, the work carried out under this contract might 
well be regarded as the start of more extended studies of the therapeutic possibili-
ties of radioactive drugs. 

Paper published on work done under the contract 

MARRIAN, D.H. , MARSHALL, В., MITCHELL, J.S. and SIMON-REUSS, I . , 
The treatment of cancer by radioactive drug: tritium-labelled tetrasodium 2-methyl-
l;4-naphthalquinol diphosphate. Tritium in the Physical and Biological Sciences, 
Vol. II. IAEA, Vienna (1962) 211. 
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RESEARCH CONTRACT No. 72/US 

Title 

Physico-chemical requirements for the disposal of low-activity liquid radio-
active wastes in soil. 

Research institution 

The Institute of Nuclear Research, The Czechoslovak Academy of Sciences, 
Prague, Czechoslovak Socialist Republic. 

Principal scientific investigator 

L . Berâk. 

Period of the contract 

19 December 1960 - 18 December 1961. 

Background 

The radionuclides Sr90 and Cs137 as highly toxic fission products may consti-
tute a potential danger to man if they either purposely or by accident enter the 
lithosphere in an uncontrolled way. Their path toward man will depend upon many 
natural factors; an important one is the ability of the local terrestrial materials 
to retain them until they decay to innocuous levels. It is therefore of considerable 
importance to study the retention of these radionuclides on minerals and rocks and 
to delineate as sharply as possible the general principles upon which such retention 
depends. 

A further value of such systematic work is the possible discovery of naturally 
occurring materials of large exchange capacity or of exceptional selectivity for 
radioisotopes of particular hazard or of other particular interest. 

Finally, such work is valuable because of its contribution to the understanding 
of the principles involved so that synthesis of a desired exchange material might 
eventually become technically feasible. 

Experimental part 

About one hundred of the principal silicate minerals and about two hundred 
silicate rocks were studied; these were mainly from Czechoslovakia but were 
chosen to cover representatively the systematic rock and mineral classifications. 

The mineral or rock under study was generally crushed to 0. 1 - 0. 2 mm if 
necessary and a 1% suspension shaken usually for 1 day at 20° С with the testing 
solution. The latter was prepared to correspond to a river water with slightly 
elevated calcium hardness: Ca+2 4, Mg+2 1, Na+1, S0¿2 2, NO3 2, Cl" 1, and 
HCO3" 1, meq/1 and containing 10"5 M CsCl labelled with Cs137 or 10"5 M SrCl2 

labelled with Sr90. Tracer concentrations were such as to give 5 - 10 000 counts/ 
min per mill i l iter of centrifuged solution when counted at 5% GM counter geometry. 
K micro a n d t h e discrimination coefficient, Dpi , were calculated (MARTIN, R. P. 
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et al., Proc. UNESCO Conf. 1957, Vo l . IV ; Comar, C . L . , Science, 126 (1957) 
485; Griessbach, R., "Austauschadsorption in Theorie und Praxis", Berlin 1957, 
p. 126). In establishing the latter, Sr(N03h labelled with Sr90 was pseudo-isotopic-
ally diluted with Са(Ж)з)г solutions so that the final solution was 10~5M and 2. 5 
X 10"3 JMin Sr+2 and Ca+2, respectively. The sorption of Sr was followed by ra-
dioassay and that of Ca by complexometric titration. 

Results 

Unaltered primary silicate minerals retained poorly micro-quantities of Sr 
and Cs, but the contrary was found to be generally true for the secondary silicate 
minerals. The poor sorption of the former was believed to be due to the small 
area upon which the sorption sites are located. 

Certain secondary silicate minerals (some zeolites, montmorillonite and illite 
and certain chloritic minerals) possessed good to excellent sorptive properties. 

The most outstanding findings among the rocks studied were that certain 
rhyolite samples had К ^ 1 с г о Cs ranging from 104 to 105. Among the minerals, 
montmorillontes with the best К § ^ с г о Cs showed 2 to 5 X 103 ( К ^ с г о S r 100 -
150) while the zeolites mordenite and desmine gave 25 X 103 (27) and 20 X 103 

(166), respectively. The zeolites mordenitè, some heulandites, brewsterite and 
thomsonite gave Dg^ 1. 6, approx. 50, > 24 and > 34, respectively. 

The results support the idea that alteration processes play the principal role 
in the sorption capacity of the rocks. Such processes apparently create structures 
that increase the degree of hydration of the mineral particles and open up struc-
tures so that the area of internal surface is increased. 

The work showed further that for caesium, the zeolite mordenite and the de-
vitrif ied highly porous rhyolite rock possessed excellent sorption properties both 
for micro- and macro-quantities of soluble caesium salts. The devitrification 
processes creating the zeolitic structure of mordenite were found to be responsible 
for the sorption activity of the rock concerned. 

As far as strontium is concerned, it is believed that the over-al l poor sorp-
tion of micro-strontium is based not only upon the competition of macro-calcium 
but also on the looser bond existing between the micro-strontium and the silicate 
surface as contrasted to the relatively f i rm bond between micro-caesium and the 
silicate surface. 

A study of the series of silicate rocks and minerals showed that there exist 
structures among both zeolites and feldspars capable of strong preferential cap-
ture of micro-strontium over macro-calcium. It is stressed, however, that the 
•t̂ Ca values are not equilibrium values as the discrimination process was found to 
be very slow and increasing with time. The relatively most pronounced discrimi-
nation was observed with such zeolite species as chabazite, heulandite, thomson-
ite, brewsterite and desmine but the present knowledge seems to be insufficient 
for an explanation of the nature of the discriminative sites. 

The pronounced natural accumulation of strontium as compared with calcium 
in the zeolite species chabazite (NOLL, W., Geochemie des Strontiums, "Chemie 
der Erde" 8 (1933) 507), agrees well with the value of D ^ found for this zeolite 
in this worlc. The slow rate of discrimination observed recommends thorough in-
vestigation of the cation exchange mechanism of these discriminating zeolites. 

There are indications that the pertinent zeolite structures are polyfunctional 
rather than monofunctional. The value Dq^ may be a composite quantity covering 
both a small number of highly selective sites and a large number of unselective 
ones. Some results indicate the slow reaction rate of the selective sites to be 
contrary to the much faster reaction rate of the unselective sites. The reaction 
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mechanisms are still unknown and detailed study of both the kinetics and the 
the rmo-dynamic s of sorption processes together with the structural implications 
using selected pure zeolite species should be carried out. 

To determine the relation of sorption behaviour to the degree and kind of al-
teration of a basic effusive rock, the basanite of northern Bohemia was studied. 
Samples were collected by drilling to various depths, inspected under a polariz-
ing microscope and studied by X-ray diffraction and DTA methods to determine 
the kind and degree of alteration. Sorption tests were carried out to determine 
К ^ 1 с г о values for caesium and strontium; the .sorption capacity for caesium and 
the discrimination factor Sr-Ca were also determined. 

It was found that during the process of alteration, the caesium sorbability 
and sorption capacity contradicted mutually; thus when К ^ с г о Cs rose, the 
capacity dropped and vice versa. It was concluded that the Кр-1 с г о was linked 
with well-developed structural changes corresponding to bentonitization while the 
increase of this value began only when the structural alteration subsided. From 
these observations it may be assumed that the alteration of basanite proceeded 
with the destruction of sites responsible for high micro-caesium selectivity;' if 
the alteration had proceeded with the creation of extensive exchanging surfaces 
in addition to the existing highly selective sites, then Kj3^ l cro should have increased 
or at least remained constant. 

It is not known whether the active sites in the case of basanite are identical 
'with those in the rhyolites; the latter differed from the former not only by the en-
hanced selectivity but also by the large exchange capacity. Thus the capacity and 
the selective factor did not contradict each other in rhyolite as they did in basalt. 
Since the very acid zeolite mordenite and very acid rock rhyolite* were found to 
show the best sorptive properties towards micro-caesium, it was hypothesized 
that the rhyolite was zeolitized with the creation of mordenite. X-ray diffraction 
patterns of the mineral and the rock and optical examinations proved this. The 
relation was further confirmed in that inactive rhyolites were vitreous while active 
ones were partially devitrified with creation of spheroids of weakly anisotropic 
mineral. \ 

A detailed study of isolated zeolite crystals must be carried out if further 
clarification of the nature and reaction mechanism of the discriminative sites ex-
isting in certain zeolites is to be obtained. Such a study would certainly be nec-
essary to form a basis for the synthesis of discriminative and high capacity sili-
cate sorbents. 

Conclusions 

Alteration processes generally produce profound effects on the sorption pro-
perties of rocks. The zeolites mordenite and desmine show extraordinarily high 
K q values (approx. 20 X 102) for caesium. Mordenite, certain other zeolites, 
and some feldspars show high discrimination for micro-strontium over macro-
calcium. 
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