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FOREWORD 

This volume of 'IAEA Research Contracts' is the seventh such annual 
report and includes summaries of 52 Research Contract Final Reports r e -
ceived during 1966. Including these, a total of 188 summaries have been 
published in the various fields in which support is provided under the Agency's 
Research Contract Programme. Also included in this volume is a revised 
version of the original summary for Research Contract No. 224 which was 
published last year and which did not contain important design modifications 
which had been made to the experimental apparatus. 

Although the work described herein was performed under the auspices 
of the Agency, the financing of Research Contracts Nos. 196 and 218 (as 
well as several others now in progress) was made possible by generous 
contributions from the United States Atomic Energy Commission. 

It is the Agency's policy to strongly encourage publication in the open 
scientific l i terature of results of work done under contract , and so far a 
total of 657 such publications have been notified, of which 163, reported to 
the Agency in 1966, are listed in this present volume. The ear l ier publi-
cations are given in the cumulative list published in the fifth annual report 
(Technical Reports Series No. 42, page 93) and in the additional list in the 
sixth annual report (Technical Reports Series No. 53, page 125). 

In every case the summary of the contrac tor ' s final report has been 
prepared by that member of the Agency's scientific staff who has been most 
closely connected with the particular branch of research concerned. The 
scientific data are the responsibility of the contractor, though the Agency 
is responsible for any additional observations. 
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RADIOACTIVE WASTE MANAGEMENT AND 

RELATED ENVIRONMENTAL RESEARCH 

RESEARCH CONTRACT No. 161 

Title 

A study of the behaviour of radioisotopes released to a stream, as exem-
plified by the Leitha-Mühl Canal. 

Research institution 

Ôsterreichische Studiengesellschaft für Atomenergie GmbH, Institute of 
Radiation Protection, Seibersdorf, Austria. 

Principal scientific investigator 

C. Tri tremmel . 

Period of contract 

1 December 1962 - 30 November 1965. 

Scientific background and scope of project 

Effluents from nuclear installations a r e often r e l e a s e d direct ly into 
surface waters depending upon the level of contamination and the ability of 
the environmental waters to accept such contamination with safety. 

To determine the m e a s u r e of safety it is n e c e s s a r y to understand the 
mechanisms of dispersion, transport, and possible reconcentration of radio-
nuclides that may inadvertently r e - e n t e r the human food-chain. This r e -
search was undertaken to study these environmental factors , excluding the 
local diet and habits of man, on a uniform length of canal suitable for such 
measurements. T r a c e r s were introduced into this canal to measure charac-
terist ics of uptake, velocity and dispersion in the waters . 

Experimental method 

This was divided into field and laboratory experiments. 
The field investigations included measurements of the boundary and flow 

charac ter i s t i cs of the canal. The material in suspension was sampled and 
subsequently examined for mineral or organic content and the particle size 
related to the velocity of flow. In addition c o r e samples were r e t r i e v e d 
from the bed of the canal from selected regions of sedimentation. 
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F o r the t r a c e r experiments 24Na and Eosin were introduced first from 
the existing outfall which was an open-ended pipe and later through a diffuser 
extending a c r o s s the width of the canal. Measurements of concentration 
were then taken at numerous points downstream. 

F o r the laboratory tes ts a sedimentation apparatus was built that con-
sisted of a 7 .5 -m polyethylene tube installed vertically with a sampling 
chamber at its base. Sediment introduced into the water-filled column was 
then sampled on special dishes in the sampling chamber. 

Also uptake exper iments were made with 4 0 S r , 1 4 0 L a , 1 3 1 I and mixed 
fission products to a s s e s s the relationship with the various minerals in the 
sediment and also with the grain size. 

Results obtained 

The sampling of suspensions, sediments and water of the Leitha-MOhl 
Carnal, combined with mineralogical , chemical and flow analyses, enabled 
the regime and aquatic environment in the region of discharge to be c a r e -
fully defined. The t r a c e r experiments showed that the improvement of an 
outfall to distribute the effluent across the entire c ross -sec t ion of the canal 
enabled constant effluent distribution to develop 100 m e t r e s downstream 
instead of 1400 m e t r e s , despite the straight uniform c r o s s - s e c t i o n of the 
water -way . 

By means of batch re leases of effluent spiked with t r a c e r s the diffusion 
constant was calculated to be 5.3 m 2 / s . 

The laboratory t e s t s showed that all fission products w e r e adsorbed 
fairly rapidly on the suspensions, in part icular the organic fraction of the 
aquatic detritus, but were not permanently fixed. Elution tests showed that 
50% may be redissolved before equilibrium is attained. 

On the average , a 25-30% reduction of contaminants in the canal can 
be assumed as a result of sorption onto sediments in transport. In particular, 
conditions are not favourable to the reduction of possibly hazardous concen-
trations that might develop if radionuclides inadvertently escaped through the 
outfall. 

Conclusions 

If it is n e c e s s a r y to r e l e a s e g r e a t e r amounts of radionuclides in the 
discharge effluent, it is obviously preferable that it be conducted under 
certain preferred conditions. This would ensure appropriate time intervals 
between the r e l e a s e s of batches of contaminated effluent. These would be 
limited by the permissible tolerance levels in the region of uniform distribu-
tion downstream. In such a case , the self-purifying capacity of the water, 
and the dilution and dispersion in the canal are fully utilized. The discharge 
time in the case of batch re leases should not exceed the time needed for the 
waste water to move half-way to the region of uniform distribution. In ad-
dition, the time interval between such re leases shouldbe more than 50 minutes. 
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RESEARCH CONTRACT No. 183 

Title 

Food-chain transfer of radionuclides relating to disposal in fresh water. 

Research institution 

Comisión Nacional de EnergíaAtómica, Gerencia de-Energía, Buenos Aires, 
Argentina. 

Principal scientific investigators 

D. Beninson and J . Flegenheimer. 

Period of contract 

27 December 1962 - 26 December 1965. 

Scientific background and scope of project 

There has been much r e s e a r c h in the biological assimilation of radio-
nuclides. A large amount of work has been reported on the uptake of specific 
radionuclides from marine environments by numerous organisms. Some of 
the papers concerning fresh-water organisms report laboratory experiments 
and others report field studies. A common approach in such studies is by 
means of the determination of isotope concentration factors in the organism, 
i . e . the concentration in the organism relative to the concentration in the 
water . 

However, a p r e f e r r e d approach is the determination of discrimination 
factors , i . e . the relative uptake of an isotope to a chemically s imilar con-
stituent of the environment, because these values a r e l e s s influenced by 
environmental conditions. Usually the discrimination factor is also a realis-
tic measurement for evaluating food-chain t ransfer and ultimate human ex-
posure. The determination of s t rontium-to-calc ium discrimination ratios 
made in numerous r e s e a r c h projects has considerably improved our knowledge 
of land food-chains. 

To date, measurements of caesium-to-potassium discrimination ratios 
have not proved as meaningful as those of strontium to ca lc ium. This is 
ascribed to differences in the reported biological half-lives of these elements 
and to an apparent marked influence of some system parameters, notably the 
potassium concentration. Too few data have so far been obtained to permit 
dealing with these fac tors . Research, utilizing caesium-to-potassium dis-
crimination ratios, is in progress in several laboratories. 

It was therefore appropriate that experiments should be carried out with 
f r e s h - w a t e r food-chain links to m e a s u r e the relat ive t r a n s f e r s of radio-
caesium to potassium and of radiostrontium to calcium and to study factors 
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that may influence the rat ios . At the same time, concentration factors ap-
pear to be the most useful measure of biological uptake in the case of radio-
isotopes with metabolic behaviour not related to homeostatically controlled 
elements. 

Experimental method 

Studies were made of radioisotope transfers from water to plants (Elodea, 
С abomba, Bacopa, Callas, etc . ),water to fish, plant to fish, fish to fish, etc. 
The organisms were grown in suitable aquaria, according to recommenda-
tions from an environmental biologist advisor. The effect of changing the 
concentrations of the various ions, food supply, e t c . , on discr imination 
f a c t o r s was evaluated. 

S r / C a and C s / K ratios were determined in the laboratory under various 
conditions of contamination level. F rom the observed ratios and amounts of 
calcium and potassium contributed by different routes to a given organism, 
discrimination factors for individual metabolic p r o c e s s e s were calculated. 
The strontium-to-calcium ratios were measured by a double t r a c e r technique 
with 8 5 Sr and 45Ca; and the caesium-to-potassium ratios were determined by 
i37Cs and natural potassium. S5Sr and i37Cs were measured by gamma 
s p e c t r o m e t r y ; 45Ca by beta-counting in a flow counter ; and potassium 
both by gamma emission and by chemical procedures . Concentration factors 
for several fission products (Ce, Zr , Nb, rare earths, and Ru radionuclides) 
and also some neutron activation products were measured. 

Results obtained ' 

With regard to strontium t r a n s f e r in aquatic food-chains, strontium-
to -ca lc ium discrimination fac tors proved to be m o r e significant for r isk 
estimations than the usual concentration factors . It was found that vascular 
plants have a slight preference for strontium over calcium (discrimination 
factor ranging from 1.0 to 2.5) . Molluscs and fresh water fish, on the other 
hand, discriminate against strontium, with factors ranging from 0.35 to 0.75, 
according to species . These discrimination factors hold over a wide range 
of calcium and other cation concentrations in water, and allow reasonably 
reliable predictions of biota levels for a given disposal prac t i ce . 

As in other types of food-chains, caesium-to-potassium ratios were found 
to be extremely dependent on the potassium concentration, and the discrimi-
nation concept is of little use. Caesium uptake is therefore character ized 
quantitatively by 'concentration fac tors ' ; the same approach has been used 
for other fission products . Aquatic v a s c u l a r plants concentrate substan-
tially caesium, ruthenium, zirconium and r a r e - e a r t h radionuclides; con-
centration factors range from 2 X 102 to 3 X 104, according to the species 
and the nuclide. Particularly important concentrations are found for cerium. 
Molluscs and fish have much lower concentration factors for these nuclides 
(from ten to a few hundreds). Radioiodine was concentrated poorly by all 
examined species . 

In field conditions, substantial fractions of the disposed activities are 
removed from the water by exchange with the bottom mater ia ls and by 
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sedimentation of suspended par t i c les c a r r y i n g radioact ivi ty . Resul ts in 
natural ponds with low water -renewal rates show removals of about 90% of 
caesium, 40% of ruthenium, 60% of zirconium, and 90% of cer ium radio-
nuclides. These values cannot readily be extrapolated to other field conditions, 
but to overlook the removal process in a given situation may lead to gross 
overestimations of potential r i sks . 

Some of the species tested proved to be reasonably good ' indicators ' , 
useful for a rational operational monitoring scheme of an environment affected 
by waste disposal p r a c t i c e . It has been possible to identify 'present level 
indicators ' , which follow readily the changes in the environment and 'inte-
grating monitors ' with levels relating to the history of the environmental 
contaminations. 

Conclusions 

Much quantitative data on uptake of fission products by fresh-water biota 
was obtained by making both laboratory measurements and field determina-
tions of strontium, caesium, zirconium, ruthenium, r a r e earths and iodine 
radionuclides. 

Papers published on work done under the contract 

BENINSON, D, , VANDER ELST, E. , CANCIO, D. , "Biological aspects in the disposal of fission products in 
surface waters", Disposal of Radioactive Wastes into Seas, Oceans and Surface Waters, IAEA, Vienna (1966) 
337-54 . 
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RESEARCH CONTRACT No. 201 

Title 

Uptake, maximum concentration, and loss of selected radionuclides by-
representative organisms of the Adriatic Sea. 

Research institution 

Institute "Ruder Boâkovic", Zagreb, Yugoslavia. 

Principal scientific investigators 

S. KeSkeS and Z. Рибаг. 

Period of contract 

1 July 1963 - 30 June 1966. 

Scientific background and scope of project 

The fate of radionuclides in marine environments will continue to be of 
great concern to national and international authorities. This is because the 
increase in nuclear power is accompanied by an increase of radioactive waste 
released into the environment. Where this enters surface waters it is 
eventually t ransported to the ocean which i tself is becoming increasingly 
important as a m a j o r source of food. 

In order to evaluate the possible radiation exposure to human populations 
from marine contaminants in the food-chain, and to make any exposure as 
small as possible, a detailed knowledge of physical, chemical and biological 
bphaviour of radionuclides in the sea is needed. 

Experimental method 

The project comprised: 
(a) A study of the physical, chemical and biotical conditions of several 

hydrographie stations off the west Istrian coast . 
(b) Radioecological characterization of the sea area off the west Istrian 

coast . 
(c) Investigation of the p h y s i c o - c h e m i c a l behaviour of some m i c r o -

constituents in s e a - w a t e r . 
(d) Investigation concerning the bio-accumulation mechanism of radio-

nuclides from sea-water into organisms, with special reference to the effect 
of different p h y s i c o - c h e m i c a l s t a t e s of the nuclides upon uptake r a t e by 
o r g a n i s m s . 
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Results obtained 

At three hydrographie stations, the basic meteorological details of 
temperature, salinity, density, pH, alkaninity, oxygen content and saturation, 
i rradiance, light transmittance, phytoplankton quality and quantity and the 
p r i m a r y phytoplankton productivity were followed. It was found that the 
hydrochemical physiognomy of the North Adriatic differs considerably from 
that of the South Adriatic. 

The content of radionuclides present in various marine plants and animals 
was measured by g a m m a s p e c t r o m e t r y . These samples contained 54Mn, 
loeRu, 6 5Zn and 60Co, and plankton samples were found to be much more active 
than any other organism. 

Polarographic techniques were applied to determine concentration and 
physico-chemical states of microconstituents in s e a - w a t e r . F o r analysed 
samples of sea-water, 6.7 цц ionic zinc per litre and 79 jug iodine per litre in 
the form of iodate were found. It is suggested that zinc in sea-water exists 
predominantly in the form of the simple ion Zn2 + and possibly to a smaller 
extent as a monohydroxo complex ZnOH+. It is also indicated that cadmium 
exists in sea-water in the form of CdCl+ ion. 

The behaviour of various microconstituents in s e a - w a t e r was investi-
gated by two-dimensional electro-chromatography and high voltage electro-
phoresis . The following nuclides showed little o r no adsorption on f i l ter 
paper : 5 1 C r as chromate , 22Na, ^Mn, 5 6 ' 5 7 ' 5 8Co, 9 0 Sr , e 5Zn and 9 UY 
and each of them gave one single mobile fraction. By comparison 5 3Cr, 

5 9 F e , 5 9 Zr, 1 4 4Ce, 1 4 7Pm and 1 8 1Rf were strongly adsorbed on filter paper at 
the starting point, presumably because of the formation of strongly adsorbable 
o r insoluble hydrolytic species , o r par t ic le formation. 1 0 6 Ru exposed to 
two-dimensional electro-chromatography in sea -water showed a relatively 
great number of well-defined species that could be readily classified into 
anionic, cationic, e lectroneutral , non-adsorbable and slightly sorbable 
species on filter paper . 

The separation of different physico-chemical forms of 10bRu in sea-water .. 
was successfully car r ied out by using electrodialysis through ion-exchange 
membranes. The separated i°6Ru in three compartments (anionic, electro-
neutral, and cationic) a re stable in s e a - w a t e r , even if the solution is left 
standing severa l days at room temperature . 

The t ransport mechanisms of various radionuclides (B 5Zn, 5 e ' 5 7 ' 5 8 C o , 
54Mn, 1 0 6Ru, 22Na) in mussels, shrimps and several other marine organisms 
were investigated. The influence of the physico-chemical form of the radio-
nuclide upon its uptake into an organism is most conspicuous and interesting 
in the case of 106Ru. 1 0 6Ru uptake by the soft part of the mussel is about ten 
t imes higher in the chloride form than from the medium containing it in 
nitrosyl-nitrate form. Moreover, 106Ru in chloride form was separated into 
three fractions and used for uptake experiments on mussels . It was found 
that the soft part of the mussel takes up much more 106Ru from the neutral 
fraction than from either the anionic or cationic fractions. 
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Conclusions 

Physico-chemical states of radionuclides should be considered in detail 
for evaluating nuclide t ransmission through the marine food-chain and be 
best utilized for prevention of radioactive contamination of food organisms 
in the sea. F u r t h e r investigation along the line as was approached by this 
project should be of great significance. 

Papers published on work done under the contract 
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III. Studies on the solubility of yttrium and some rare earth (RE) hydroxides, Croat, chem. A c t a 3 8 ( 1 9 6 6 , 

in press). 

POKRIC?, B . , BRANICA, M . , Precipitation and hydrolysis o f m e t a l l i c ions in sea water. II. Precipitation o f 
some rare earths in sea water, Croat, chem. Acta 39 (1967 , in press). 
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RESEARCH CONTRACT No. 218 

Title 

The development and application of a cost evaluation sys tem to study 
economic principles of radioactive waste management. 

Research institution 

Société belge pour l'industrie nucléaire, S.A. (BelgoNucléaire), Brussels , 
Belgium. 
Originally: Société belge de chimie nucléaire, S .A. (Belchim), B r u s s e l s , 
Belgium* 

Principal scientific investigators 

E. Hoffmann and P . Dejonghe. 

Period of contract 

1 July 1964 - 30 June 1965. 

Scientific background and scope of project 

One of the most universal needs in small nuclear establishments is a 
usable method for making economic judgements. Lacking such a method, 
many establishments must depend on cost experience reported by others . 
Frequently these cost data are only sparsely reported and incompletely 
identified. Many r e p o r t s imply that the cos ts of t reat ing wastes a r e the 
only costs of managing wastes and neglect the costs of collection, monitoring, 
transporting, storing and discharging wastes . 

The originally proposed scope of the contract was to gather cost data 
and information on the waste management organizations at three nuclear 
r e s e a r c h establishments in three Member States of the Agency and to use 
this information to draw part ial conclusions about the effects that various 
waste management philosophies and techniques have on the costs of managing 
wastes. By mutual agreement the scope of the contract was later reduced 
to presentation of a detailed cost accountancy system applied to the manage-
ment of wastes at the Belgian Nuclear Energy Centre (CEN) at Mol-Donk, 
Belgium. The more ambitious objectives originally proposed were under-
taken by the Panel on Economics of Waste Management composed of experts 
from 12 Member States, who used the report of R e s e a r c h Contract No. 218 
as the basis for a s impler s y s t e m of accountancy and applied the s y s t e m 
to waste management costs at nuclear r e s e a r c h establishments in a number 
of countries. 

* All activities of Belchim concerning studies and engineering were assumed by BelgoNucléaire 
as of 1 August 1964. 
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Method of presentation 

(1) The site and its waste management system 

Size: About 1500 employees; 1000 produce radioactive waste. 
Purpose : Nuclear r e s e a r c h (several r e a c t o r s ) metallurgy and fuel r e p r o -
cessing (via volatility) studies, isotope production, national waste collection 
centre. 

Types of waste and facilities for handling 

Liquid wastes 

'Very low active or cold effluent', about 2 X 10 5 m 3/yr , < 1 0 " 5 C i / m 3 ; 
includes sanitary sewage, t rade wastes and suspect waste . Collected in 
piping system, given chemical and biological t reatment ; Decontamination 
F a c t o r (DF) ~ 2 . Sludge further t reated by insolubilizing in bitumen and 
s tored . 

'Low active or warm effluent', about 7X 104 m a / y r , 10"5 to 10"3 Ci/irP; 
collected in piping system, given chemical treatment and ion exchange (when 
necessary) , DF ~ 50 for beta-gamma, 103 for strontium and alpha. Sludge 
further treated by insolubilization in bitumen and stored. 

'Highly active and special effluents', about 103 m 3 / y r , maximum 1 Ci/m 3 ; 
mostly short-lived, collected in bottles, given chemical treatment or eva-
porated; effluent sent to 'warm waste' sys tem and sludge insolubilized in 
bitumen and stored. 

Solid wastes 

Combustibles collected in plastic and incinerated. Ashes insolubilized 
in bitumen and stored. 

Incombustibles collected in tins and compressedbefore being insolubilized 
in bitumen and stored. 

Special wastes are cut up, stored for decay and insolubilized in bitumen. 
Personnel in waste management: 44 persons associated with waste manage-
ment, 6 of whom do r e s e a r c h work and 1 is an accountant, leaving 37 
directly employed on the wastes. An additional 24 persons do maintenance 
and decontamination work. 
Environment of site: High water table; land burial not permitted; high 
population density nearby; effluent discharges must meet drinking water 
l imits . 

(2) The accountancy s y s t e m 

The accounts a re organized along the lines of the technical p r o c e s s e s 
whose operations they analyse and follow. Only the operating expenses are 
presented (asse ts and liabilities accounts omitted) on careful ly designed 
forms, the most important of which are the 'Monthly Running Expenses' and 
'Summary of Yearly Running Expenses ' . Horizontally a c r o s s these forms 
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are presented the costs associated with liquid wastes ('cold', 'warm', 'hot', 
'discharge into river' , 'sludge treatment and insolubilization'); solid wastes 
( 'sorting', 'baling1, ' incineration', 'ash treatment and insolubilization', 
'solid wastes insolubilization', ' temporary storage 1 , 'final storage') ; de-
contamination and laundry; and sundry accounts ('jobs on a cost-plus basis', 
'applied r e s e a r c h ' , 'overhauls and major repairs ' , 'extensions and 
improvements ' ). 

Vertical columns on the forms further distribute the costs according to 
wages, salaries and corresponding charges; supplies; power; overhauls 
and major repairs; general operating and overhead expenses; other general 
expenses; and costs of auxiliary services . The report carefully defines 
each of these categories, lists items included under them, and describes 
how the costs are collected. 

T A B L E I. SUMMARY OF Y E A R L Y RUNNING E X P E N S E S 

Expenses Amounts Unit cost 

(US $) treated ($ per unit) 

Liquid wastes (water) 

2201 - Cold wastes 30 000 150 000 m3 0.20 

2202 - Warm wastes 110 000 55 000 m3 2 . 0 0 

2203 - Hot wastes 200 000 5 000 т з 4 0 . 0 0 

2 2 0 4 - Discharge into thé river 20 500 205 000 m3 0.10 

2 2 0 5 - Sludge treatment and inso-
lubil ization 2 1 0 0 0 1 0 5 0 m3 2 0 . 0 0 

Solid wastes 
2211 - Sorting 3 800 950 drums 4 . 0 0 

2 2 1 2 - Baling 1 2 2 0 0 3 050 boxes 4 . 0 0 

2213 - Incineration 45 000 750 m 3 60 .00 

2 2 1 4 - Ash treatment and insolubilization 600 9 .5 m3 60 .00 

2215 - Solid wastes insolubil ization 26 600 665 drums 40 .00 
2216 - Temporary storage 6 600 665 drums 10 .00 
2217 - Final storage 15 000 1 500 drums 10 .00 

Decontamination and laundry 
Laundry 

2 2 2 0 0 1 - Laundering 1 1 2 0 0 14 000 kg 0 .80 

2 2 2 0 0 2 r Checking 8 400 14 000 kg 0 .60 

2 2 2 0 0 3 - Ironing 5 600 14 000 kg 0 .40 
Decontaminat ion 48 0 00 

Sundry 

2219 - Jobs on a cost + basis 3 000 
- - Applied research 1 1 0 0 0 

- - Overhauls and major 
repairs 6 000 

. 584 500 

Note: This table results from the summation of the figures of the monthly operation reports. 

1 1 



Results obtained 

Table I lists the quantities, the total costs and the cost per unit for the 
CEN waste management operations as a r r i v e d at f r o m the accountancy 
sys tem described in the report . These figures a r e not for any part icular 
year but a re averages over severa l recent y e a r s . 
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RESEARCH CONTRACT No. 224 

Title 

T h é e v a p o r a t i o n of r a d i o a c t i v e l iquid w a s t e s by s o l a r e n e r g y . 

Research institution 

N u c l e a r R e s e a r c h C e n t e r ' D e m o c r i t u s ' , Athens, G r e e c e . 

Principal scientific investigators 

S. A m a r a n t o s and A. Hatzikakidis. 

Period of contract 

1 D e c e m b e r 1963 - 31 D e c e m b e r 1 9 6 5 . 

Scientific background and scope of project 

Of the various well-established methods for treating radioactive liquid 
wastes, evaporation is considered to be one of the most efficient technically. 
Unfortunately it is generally the most expensive. The cost a r i s e s mainly 
from the complexity of the equipment and from the power needed to heat the 
evaporator . Thus for those countries with an abundance of sunshine, it is 
a challenge to harness the power of the sun; to build an inexpensive, simple 
atmospheric evaporator and so make the treatment of radioactive wastes by 
evaporation economically attractive. 

Bas ica l ly there a re two types of solar hea te rs . The first is simply a 
flat black panel which becomes warm as it absorbs solar radiation; the heat 
being removed by water circulating through pipes attached to the r e a r of the 
panel. The second is a focussing type of heater where the sun rays are re -
flected and focussed on t o a b l a c k object which may become very hot. The 
reflector may be a parabolic cylinder and the collector a black pipe positioned 
on the focal line through which water circulates. ' 

In principle, therefore, the panel heater is simple and responds to both 
direct and scat tered solar radiation, but does not create high temperatures; 
by contrast the focussing heater does generate high temperatures but it is 
sensitive only to direc t sunlight and has to be oriented continuously to be 
normal to the incident r a y s of the sun. 

In principle also the evaporation rate of a solution i n c r e a s e s sharply 
with its temperature , with wind speed, ambient temperature and inversely 
with relative humidity, so that environmental conditions have a strong in-
fluence on the efficiency of evaporation to the atmosphere. 
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Experimental method 

The evaporator was made from a 1 -m-square steel dish, well insulated 
on the outside and erec ted on a framework roughly 4 m above the ground in 
the open air . Panel collectors made of copper with an area of 1.5 m 2 were 
developed but after extensive testing were found to provide insufficient heat. 
Consequently three parabolic cylinder collectors were made from aluminium 
sheeting each covering 1 m2 and faced with highly polished aluminium foil. 

F o r safety r e a s o n s it was considered bet ter to retain a single direct 
supply line from the waste container to the evaporator rather than have waste 
solution c i rcula t ing through the extensive tubing in the s o l a r c o l l e c t o r s . 

The final arrangement consisted of a main heater supplied by the three 
focussed col lec tors in parallel and a supplementary pre-heater supplied by 
two 1.5 m 2 panels in s e r i e s . In the main heater, water was circulated by a 
pump through a closed system that yielded its heat through coils of tubing 
i m m e r s e d in the radioactive solution in the evaporator . In the pre-heater , 
water was circulated by gravity convection yielding its heat to the feed solu-
tion through a heat exchanger mounted above the panels. 

Unfortunately, because of delays in development the equipment was not 
ready until September by which time the hottest season was ending. So, to 
prolong experiments into November a 1.5-kW heater was installed in series 
with the focussing c o l l e c t o r s . This enabled measurements on evaporation 
r a t e s to be continued under worsening weather conditions. 

t 

Results obtained 

The equipment was first tested on a 6-week run in September/October 
daily from 08.00 to 16.00 hours. The optimum operating conditions at that 
t ime required 100 l i t r e s of simulated waste solution to be introduced into 
the evaporator dish at 08.00 hours. After about one hour the feed pump was 
started to introduce more solution at the rate of 12 l i tres/h for the remainder 
of the day, bleeding off the concentrate as necessary. 

In September it was usual to evaporate about 18 litres per 8-hour day and 
a further 5 l i t r e s during the night. Typical mean daily conditions during 
this period were: temperature 25°C, wind speed 15 km/h, air humidity 50%, 
and maximum solution t e m p e r a t u r e 50°C. The typical daily mean flux of 
solar energy during this period was 0.67 c a l / c m 2 min which was lower than 
the design figure for the apparatus. By comparison typical figures for Athens 
in November and June are 0.56 and 1.15 cal /cm 2 min respectively. 

Bromine-82 was the radioactive constituent of the waste with a maximum 
activity concentration of 4.5 X 10"'2 mCi/l i tre but with continuous air sampling 
at the rim of the evaporator dish no air -borne re lease of radioactivity was 
detected. 

The efficiency of the evaporator to t ransform incident solar radiation 
into heat was e x p r e s s e d by the heat coefficient 
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where Hx = Total heat absorbed by solution in a day 
H 2 = Heat of vaporizat ion 

S = Total s o l a r e n e r g y reaching c o l l e c t o r s in an 8 - h o u r day 

The t y p i c a l va lue f o r the heat coeff ic ient in S e p t e m b e r w a s 55%. 

Conclusions 

The r i sk of a i r - b o r n e contamination by evaporating radioactive waste 
solutions w a s insignif icant with the solution and t e m p e r a t u r e s t e s t e d . 

Evaporation can be c a r r i e d out with equipment inexpensive to construct 
and simple to maintain and operate. 

The incident solar energy of 0.7 c a l / c m 2 min in September/October was 
too low to test the true efficiency of the apparatus; it is felt that an incident 
energy of at least 1 c a l / c m 2 min in other seasons would yield more repre-
sentative results with higher liquid temperature and much higher evaporation 
rates . 

Further development is needed to improve the heat coefficient but results 
to date are encouraging. 

Papers published on work done under the contract 

HATZIKAKIDES, A . , "Evaporation by solar energy" , Sun at work 9 4 ( 1 9 6 4 ) 1 2 - 1 4 . 

HATZIKAKIDES, A. . COMPLES Bulletin 6 ( 1 9 6 4 ) 5 1 - 5 5 . 

HATZIKAKIDES, A . , SPANIDES, A . , Solar and Aeolian Energy, Proc. int. Semin. of Sounion (Greece) 
(1964) 19. 
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HEALTH PHYSICS AND RADIATION PROTECTION 

RESEARCH CONTRACT No. 141 

Title 

Fundamental studies on simplified methods of calibration of film badges 
for personnel monitoring. 

Research institution 

Health Physics Department, Institute of Physics, University of Zagreb, 
Yugoslavia. 

Principal scientific investigator 

V. Paie. 

Period of contract 

1 October 1962 - 30 June 19C6. 

Scientific background and scope of project 

The sensitivity of a photographic emulsion to X - and gamma radiation 
var ies markedly over the range of photon energies 2 0 - 300 keV and, for a 
particular type of emulsion, a family of exposure-blackening curves can be 
plotted for a set of different effective radiation energies . The relative r e -
sponse at different energies does not vary with the processing conditions and 
a single exposure-blackening curve at a known effective energy is therefore 
sufficient for each set of monitoring films. In order to evaluate the exposure 
corresponding to a measured blackening it is of course necessary to estimate 
the energy of the radiation causing the blackening. This est imate may be 
made by measuring the photographic densities of the film behind a series of 
metal filters mounted in the film holder. 

The first part of this work is concerned with the construction and testing 
of a t ransportable calibration facility incorporating radioact ive s o u r c e s . 
Two g a m m a - r a y sources , 2 2 ( ,Ra and 1 3 7Cs, and a bremsstrahlung source 
( 9 0Sr + 9 0Y)/A1 have been used in the facility. The influence of the radiation 
scat tered from the source holder and from the film supports has been 
investigated. 

The second part of the work is concerned with the investigation of the 
variation with direction of the incident radiation of the blackening produced 
behind the metal filters over a range of intermediate and high photon energies 
and the evaluation of the effective energies of mixed beams of X-radiat ion. 
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Experimental methods 

The transportable calibration facility is shown in Fig. 1. The source is 
mounted in a shielded container, provided with collimating diaphragms, and 
the films with their associated holders are placed in holders at fixed distances 
in the beam emerging from the source container. 

FIG. 1. Transportable calibration facility 

Exposure-film density curves were plotted for Ilford PM1 films behind 
metal fil ters using the facility fitted with first a 4 .52 mg 2 2 6 Ra source and 
later a 15 mCi 1 3 7Cs source. Film densities were measured using a Baldwin 
densitometer. The results were reproducible and the mean values and root-
m e a n - s q u a r e e r r o r s w e r e calculated for nine exposures in the range 
0.05 - 1.5 R. By covering the open film with tin foils of various thicknesses 
it was shown that a component of scattered radiation of effective energy about 
50 - 80 keV was present in the beam. 

Exposure-density curves were also plotted for Ilford PM1 films behind 
metal fil ters in conditions of minimum scattering using two 2 2 6 R a sources 
containing 52.3 and 4.52 mg respectively and a 15 mCi 1 3 7Cs source . F o r 
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these measurements the film holders and sources were suspended on threads 
in the middle of a room of dimensions 5 . 9 m X 8 . 7 m X 3 m . The r e s u l t s 
were again reproducible and the mean values and root-mean-square e r r o r s 
were calculated for nine exposures in the range 0.05 - 1.5 R. 

The variation of the film density with the angle of incidence of the radi-
ation from 2 2 6 Ra, 60Co and 13"Cs was determined by rotating the film holder 
through known angles. 

The intermediate photon energies w e r e produced by placing copper 
filters, in the range of thicknesses 0.047 - 15.5 mm, in the beam emerging 
from an X - r a y tube energized at constant potentials in the range 34 - 183 keV. 
The effective energies lay in the range 25 - 156 keV, as determined by half-
value-layer measurements. In these investigations of the variation of density 
with direction, Ilford PM3 films, partly unscreened and partly sandwiched 
between layers of copper of thicknesses 0.1, 0 .24, 0.32, 0.5, 0.77 and 
0.97 mm, were hermetical ly sealed in polyethylene bags. They were 
developed in Ilford P h e n - X for 5 minutes at 20°C. 

F o r evaluation of the effective energy of the X-radiation to which a film 
was exposed the density was determined as a function of the thickness of the 
copper filters for various photon energies. Families of curves were plotted 
representing log [ D ( 0 ) / D ( t ) ] as a function of the thickness of the filters for 
a ser ies of effective energies and representing log lD(0)/D(t)] as a function 
of the effective energy for a s e r i e s of filter thicknesses. 

Results obtsdned 

The f a c t o r s relating the density of the PM1 films in the cal ibrat ion 
facility to the density under ' s c a t t e r - f r e e 1 conditions are shown in Table I. 
The densities for 2 2 6Ra and 6 0Co were measured behind a 1 -mm tin filter -
the densities for 1 3 1Cs were measured behind a 0 . 1 - m m tin filter. 

The density of an unscreened PM1 film exposed to gamma radiation from 
2 2 6Ra, 60Co or 131Cs varies with the angle of incidence if the angle is greater 
than 40° ; under aluminium, cadmium and tin filters the density is adequately 
independent of the angle of incidence, though more variation is shown in the 
blackening produced behind the aluminium filter by the 137Cs radiation. 

F o r the intermediate energy X-radiation the density of the unscreened 
PM3 film is practically independent of the angle of incidence of the radiation; 
behind the filters, however, the density can depend markedly on the angle 
of incidence. Table II illustrates the variation of the mean fractional density 
De/Do as a function of the effective energy and the filter thickness. 

The unscreened portion of the film is used for exposure determinations 
in t h e X - r a y range and hence no significant e r r o r is attributable to directional 
effects; the densities behind the filters are required for energy determinations 
and some e r r o r may be attributable to directional effects. The film badge, 
including the six copper filters, was exposed to 100 mR at each of the effec-
tive energies 25, 45, 53, 66, 82, 92, 113, 138 and 156 keV. By estimating 
the half-value photographic density layers it was concluded that three com-
ponents of energies 37, 50 and 83 keV were present; using the family of log 
lD(0) /D( t ) ] curves it was concluded that components of energies 49, 53, 55, 
57 and 60 keV were present. Using a calibration curve corresponding to the 
highest energy component present the half-value photographic density method 
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T A B L E I. END-POINT FACTORS RELATING DENSITY IN 
•SCATTER F R E E ' CONDITIONS TO DENSITY IN THE CALIBRATION 
F A C I L I T Y 

F F 
(50 mR) (1500 mR) 

2 2 6Ra (0. 5 m m Pt) - ' scat ter free' 

2 2 6Ra ( 0. 5 m m Pt) - ca l ibrat ion fac i l i ty 

Ra ( 1 m m Pt) - ' scat ter free' 

6 R a ( 0 . 5 m m Pt) - cal ibrat ion fac i l i ty 

6 0 Co - ' scatter free ' 

6 R a (0. 5 m m Pt) - cal ibrat ion fac i l i ty 

i7Cs - ' scat ter free' 

1 3 t s - ca l ibrat ion fac i l i ty 

0. 95 0. 94 

1 . 1 1 0 . 9 1 

0. 91 0. 92 

0. 98 0. 91 

T A B L E II. MEAN FRACTIONAL PHOTOGRAPHIC DENSITY D 0 /D o 

E e f f Without Cu Cu Cu Cu Cu Cu 

(keV) f i l ter ( 0 . 1 m m ) ( 0 . 2 4 mm) ( 0 . 3 2 m m ) ( 0 . 5 0 m m ) ( 0 . 7 7 m m ) (0 .97 mm) 

23. 5 

33. 5 

45. 0 

51. 0 

73. 0 

82. 0 

95. 0 

113. 0 

130. 0 

138. 0 

0. 94 

0. 96 

0. 98 

0 . 9 9 

1. 00 

1. 00 

1. 0 0 

0. 99 

1 . 0 0 

1. 00 

0. 53 

0. 71 

0. 81 

0. 86 

0. 95 

0. 94 

0. 96 

0. 94 

0. 99 

0. 60 

0. 68 

0. 73 

0. 87 

0. 89 

0. 91 

0. 53 

0. 64 

0. 67 

0. 86 

0. 88 

0. 90 

0. 55 

0. 63 

0. 65 

0. 85 

0. 90 

0. 87 

0. 89 

0. 96 1 

0. 54 

0. 61 

0. 59 

0. 80 

0. 84 

0. 84 

0. 60 

0. 61 

0. 58 

0. 75 

0. 78 

0. 81 

0. 87 

0. 92 

0. 86 
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indicated that the total exposure was 0.95 R, while the s e m i - l o g a r i t h m i c 
curve method indicated that the total exposure was 0 . 7 0 R. 

Conclusions 

The transportable calibration facility using radium, caesium and brems-
strahlung sources provides a convenient means of preparing standard films, 
under reproducible conditions, that can be used for the calibration of film 
badges exposed to X - and gamma radiation over a wide range of photon 
energies . 

Using a film badge of the type described, including a s e r i e s of copper 
filters of various thicknesses, it is possible to distinguish a number of energy 
components in a beam of mixed energy X-radiation, but not to determine the 
energies precisely . If the highest energy component is used for calibration 
purposes acceptable values of the total exposure are obtained. 

Papers published on work done under the contract 

PAIC, V. , PAIC, M. , RUBCIC, A. , Directional dependence of exposure measurements of gamma rays by film 
badges, Pllys. Med. Biol. И 2 (1966) 244. 

PAIC, V. , RUBCIC, A. , Effect of environmental scatter on film badge readings, Phys. Med. Biol. 11 2 (1966) 239. 
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RESEARCH CONTRACT No. 165 

Title 

Comparative chemical and radiation toxicity of Thorotrastl 

Research institution 

Finsen Laboratory, Copenhagen, Denmark. 

Principal scientific investigator 

M. F a b e r . 

Period of contract 

20 December 1962 - 30 September 1965. 

Scientific background and scope of project 

The purpose of this investigation is the determination of the re la t ive 
chemical and radiation toxicity of T h o r o t r a s t . 

Thorotrast is a thorium dioxide colloid widely used as a contrast me-
dium in human diagnostic radiographic examinations during the 1930's and 
1940 ' s . It was injected into the region to be X - r a y e d , and by virtue of its 
high atomic number gave increased visibility to body cavities, ar ter ies , etc. 
in the radiograph. The radioact ivi ty of T h o r o t r a s t was incidental . The 
mater ia l is retained in the body virtually permanently, and certain tissues 
(particularly l iver and spleen) a r e i r radia ted at low but toxologically in-
terest ing levels t h e r e a f t e r . 

Persons containing Thorotrast are thought to constitute one of the largest 
groups exposed to continued low-level radiation over many y e a r s , and the 
effects of i rradiat ion in these people a r e being studied in s e v e r a l labora -
tor ies . A number of effects, part icularly induction of l iver tumours, a re 
thought to be reliably attributable to Thorot ras t . However, there is sus-
picion that it is not the radioactivity, but rather the chemical or other pro-
perties of the colloid, which may be responsible for the toxicity. 

Experimental method 

The chemical and radiation toxicity of Thorotrast are being compared 
in rabbits. F o r this purpose it would have been desirable to inject radio-
active T h o r o t r a s t into some rabbits and non-radioact ive T h o r o t r a s t into 
others. However, since there is no non-radioactive isotope of thorium, this 
approach was impossible. Instead, the opposite approach was taken in which 
injections were made of normal Thorotras t and of more highly radioactive 
T h o r o t r a s t . Three batches of T h o r o t r a s t were prepared by the Agency 's 
laboratory in co-operation with the chemical firm of Heyden in Munich. The 
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least active material (IAEA I) was prepared from normal thorium which, 
as a result of its chemical history, was significantly depleted in its content 
of the radioactive descendants of thorium. Thus 2 2 8Ra was initially absent 
and 2 2 8 Th and successors were at 25% of equilibrium with respect to their 
common ancestor 232Th. The other two batches of Thorotrast (IAEA II and 
IAEA III) were prepared by addition of the isotope 230Xh to natural thorium 
in such amounts that the rate of emission of alpha-ray energy per gram of 
Thorotrast had the approximate ratios 1 : 7 :49 in the three batches. These 
batches should thus have the same chemical toxicity per gram of Thorotrast; 
but the radiation toxicity should be correlated with the different activity 
levels. 

Groups of control and experimental rabbits were set up in November-
December 1964 (see Table I). 

T A B L E I. CONTROL AND E X P E R I M E N T A L RABBITS T R E A T E D 
WITH THOROTRAST 

Amount i n j e c t e d 
Mater ia l i n j e c t e d per rabbit Number o f rabbits 

(ml ) 

None (control) - 14 

C o m m e r c i a l t es t -agar 10 2 6 
Thorotrast 

IAEA I 10 2 1 

IAEA II 10 23 

IAEA III 10 2 1 

The morbidity and mortality of these rabbits are now under continuing 
observation, and will remain so until all are dead. Tissues that become 
available at autopsy are histologically examined to determine the type and 
degree of pathology and its association with deposits of Thorotrast. 

Finally, this laboratory has had extensive previous experience with 
the effects of Thorotrast in rabbits, and the current series can be compared 
in a qualitative way with previous series. 

Results obtained 

At the date of termination of the contract insufficient time had elapsed 
for most of the expected long-term effects to manifest themselves. There-
fore, the observations are continuing, financed by the Finsen Laboratory, 
beyond the termination of the formal research contract. The results will 
periodically be reported to the Agency. A number of deaths occurred shortly 
after the injections, presumably as a result of some unknown defective 
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pharmacological properties of the injected material . In the following year 
several additional deaths occurred, with highest number in group III. The 
l ivers of these animals showed s e v e r e changes resembling those found in 
hepatic c i r r h o s i s . A possible incipient tumour was observed in one l iver . 
The spleens were atrophic. Marrow pathology was also observed. 

Conclusions 

The most radioactive batch of Thorotrast (IAEA III) has caused the 
grea tes t degree of pathology in the rabbits during the f i rs t y e a r after in-
jection. However, more definitive conclusions can be reached only after 
further t ime has elapsed. 
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RESEARCH CONTRACT No. 196 

Title 

The application of 'cloned' haematopoietic cells in radiation protection. 

Research institution 

The Weizmann Institute of Science,RehoVoth, Israel . 

Principal scientific investigator • 

M. Feldman. 

Period of contract 

1 April 1963 - 31 March 1966. 

Scientific background and scope of project 

The studies under this contract a re based on the use of cloned haema-
topoietic cells to repopulate lethally irradiated hosts. It has recently been 
shown that the injection of low doses of bone marrow .cells into X- i r radiated 
hosts results in the formation of noduli in the host1 s spleen. These noduli 
seem to be clones of haematopoietic cel ls . Pre l iminary studies of the 
formation of such noduli indicated that, following the injection of bone marrow 
cel ls , noduli a r e formed which have distinct hystiotypic c h a r a c t e r i s t i c s . 
The goals of this project were to; investigate the cloned cell populations in 
the spleen; determine which cel ls within the cloned population proliferate 
and which a r e a r r e s t e d by the suppression of erythropoietin production; 
determine the relationships between the p r o c e s s e s of cell proliferation and 
differentiation in relation to erythropoietin action. 

Experimental method 

The in vivo cloning method of bone m a r r o w cells was used for kinetic 
analysis of the regulation of erythroid cell formation. The non-polycythemic 
and polycythemic animals, irradiated and injected with bone marrow cel ls , 
were kept throughout the experiment under hypoxic conditions. The erythro-
poietin was used for stimulation of erythropoiesis. 

Results obtained 

M a c r o s c o p i c cel l colonies of bone m a r r o w origin a r e formed within 
spleens of lethally irradiated m i c e upon injection of 1 0 4 - 1 0 5 bone m a r r o w 
ce l ls . The intrasplenic clones formed following the injection of a h e t e r o -
geneous population of bone m a r r o w c.ells w e r e found to s e g r e g a t e in the 
following cell types: 40 - 60% of the spleen colonies were predominantly of 
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the erythroid line, 2 0 - 30% were granuloid, the r e s t w e r e ei ther m e g a -
k a r y o c y t e or mixed. An intrasplenic cloned cell population reached a size 
of 22 2 - 22 4 cel ls within 12 days. 

The polycythemic animals showed a complete suppression of erythroid 
clones when kept under normal conditions, whereas polycythemic mice in 
hypoxic conditions did not manifest any suppression of the erythroid noduli. 
It was found that the increase in granuloid clones in the polycythemic animals 
was causally related to the suppression of the erythroid colonies. When 
this suppression was prevented in hypoxia then in spite of the polycythemia 
no increase could be observed in the incidence of granuloid clones. 

In X-irradiated polycythemic and bone marrow injected animals (exposed 
to hypoxic conditions), the resul ts showed two groups manifesting the 
appearance of erythroid clones. It was by a fac tor of 6 g r e a t e r than that 
of the polycythemic animals which were not subject to hypoxic conditions. 

Conclusions 

The termination of the erythropoietin action could have either resulted 
in the in situ destruction of the cell populations of the erythroid colonies, 
or in total maturation of the colonies, ending in the evacuation f r o m the 
spleen of the mature red blood cel ls . The cytological observations made 
so far-tend to indicate that the second possibility is the cor re c t one. In that 
case the question ar ises whether the maturation of the cloned cells is causally 
related to the cessation of the replicating effect of erythropoietin, thus 
representing a model for the old concept of the inverse relationship between 
cell replication and differentiation. 

Papers published on work done under the contract 
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RESEARCH CONTRACT No. 219 

Title 

A his tochemical study of the acute effects of i r radiat ion on the skin. 

Research institution 

A m e r i c a n University of Beirut , Beirut , Lebanon. 

Principal scientific investigator 

A. K. Kurban. 

Period of contract 

2 September 1963 - 1 September 1966. 

Scientific background and scope of project 

The work can be divided into two main fields: 
(1) The histochemistry of the acute changes in the epithelial structures 

of the skin following irradiation; 
(2) Chemical changes in the dermis following irradiation. 

Experimental method 

(1) Histochemistry of the acute changes in the epithelial structures 

Guinea pigs of 500 g each were used. The hair was shaved. Each animal 
received a single dose of 4000 R (hvl 1.18 mm Al) delivered by a Philips skin 
contact machine at 50 kV, 2 mA, 4.2 cm FSD and 1-mm Al filter. 

Another group of animals served as control . Biopsy specimens were 
removed from the' i r radiated skin sites and from comparable a r e a s of the 
skin of control animals at 3 hours^of intervals for the first 24 hours and then 
every 24 hours for 2 - 3 weeks. P a r t of each biopsy specimen was fixed in 
formalin and processed through paraffin and another part was used for histo-
chemical enzymatic reactions. The used stains and enzymatic reactions are 
presented in Annex I. 

Results obtained 

(a) Changes during the first post-irradiation week 

(i) Epidermis 

Definite changes became obvious by the 3rd and 4th p o s t - i r r a d i a t i o n 
days. The basal cell layer shows progressive degeneration and the prickle 
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cell layer displays abnormal mitoses. There is a decreased reaction for 
the sulphhydryl(-SH) but no changes in the disulphide (-S:S-) . The epidermal 
nuclei show a decreased fluorescence with Thioflavine T (TT). The nuclear 
DNA gives a decreased reaction with the Feulgen technique. Around the 
3rd post-irradiation day DNase fails to digest completely the nuclear material. 

The RNA shows a transient decreased reaction with methyl green-
pyronine stain. (RNase however retains its ability to digest the RNA material.) 

Fourty-eight hours after irradiation there is a sharp decrease in the 
beta-glucuronidase activity of the epidermal cells. This reactivity however 
returns by the end of the first week. 

(ii) Stratum corneum 

By the end of the 2nd day after irradiation a band of bluish fluorescence 
appears in the lower part of the stratum corneum instead of the bright yellow-
orange colour when stained with A. O. stain. 

(iii) Appendages 

In the hair follicles the cells of the matrix degenerate and accumulate 
PAS-posit ive, dias tase- labi le m a t e r i a l . The bulbs become shrunken. 

(b) Changes during the second post - i r radia t ion week 

In addition marked atrophy and hyperkeratosis are observed. Sub-
epidermal vesicles may form. 

(c) Changes after the second post-irradiation week 

By the 3rd week there is superficial ulceration and epidermal hyper-
trophy at the edges of the ulcers. Later repair begins but there is no growth 
of hair and sebaceous glands. There were no detectable changes in the acid 
phosphatase, succinic dehydrogenase and glucose-6-phosphatase reactions 
during the first 3 weeks after irradiation. 

(2) Changes in the dermis after irradiation 

Guinea pigs were irradiated with 2000 R hvl 1.18-mm Al (50 kV, 2 mA). 
Biopsy specimens from the irradiated sites were taken at regular intervals 
and compared with specimens from the contralateral sites of each animal. 
Each set was run in duplicates. 

Each specimen of skin was dried and defatted after removal, then homo-
genized with the Servall homogenizer. It was then hydrolysed with 6 N HC1 
in sealed glass tubes at 130°C for 24 hours. Phosphotungstic acid was then 
added to remove any discoloration. The solutions were then filtered. Aliquots 
for hydroxyproline determinations were oxidized with chloramine T and the 
reaction stopped after 20 minutes with 20% perchloric acid. After 5 minutes 
the colour was developed with prdimethyl-aminobenzaldehyde and read at 
55 nm within 1-2 hours. Another aliquot was processed for the determina-
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T A B L E I. VARIATION O F H Y D R O X Y P R O L I N E CONTENT AS A 
FUNCTION O F TIME (POST-IRRADIATION IN DAYS) 

Hydroxyproline content 

(mgAOO g dry weight) 

T i m e after irradiation 
(d) 

Irradiated site Control 

1 8. 00 8. 35 

2 8. 71 8. 22 

3 8. 55 7 . 4 5 

4 6. 57 6. 71 

5 6. 73 6. 15 

6 11. 0 7. 35 

7 9. 12 8 . 6 9 

8 6. 92 7. 05 

9 7. 50 6. 90 

10 5. 90 6. 00 

12 6. 66 6 . 1 3 

15 8. 70 8. 00 

20 8. 85 8. 50 

tion of hexosamine content by passing it through an ion-exchange column 
(Dowex 50), then adding 2 N HC1. The pH is adjusted by addifig 4 N NaOH. 
A 2% solution of acetyl acetone is then added and the solution is heated in a 
water bath at 89 - 92°C for-45 minutes. After cooling, Ehrl ich 's reagent is 
added and read at 530 nm. 

Results obtained 

The enzymatic changes in the dermis as indicated by hydroxyproline and 
hexosamine content are shown in Tables 1 and II as a function of time (post-
irradiation in days). 

Conclusions 

The more subtle changes are detected by histochemical means. These 
later changes involve the DNA- RNA structures as well as the cellular enzy-
matic processes . The inability of DNase to act on the nuclear DNA following 
irradiation may signify a major alteration in the DNA molecular s tructure . 
Even though there is an early effect on the quantity of reactive -SH groups 
in the epidermis, the ultimate effect of i rradiation on epidermal function 
is the formation of keratin that seems to differ chemically from the normal. 
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T A B L E II. VARIATION OF HEXOSAMINE CONTENT AS A 
FUNCTION OF TIME (POST-IRRADIATION IN DAYS) 

Hexosamine content 
(mgAOO g dry weight) 

T i m e after irradiation . . „ , 
Irradiated site Control (a) 

1 0. 76 0 . 6 1 

2 0. 70 0 . 4 7 

3 0. 60 0 . 4 3 

4 0. 70 0. 4 9 

5 0. 43 0. 53 

6 0. 87 0 . 6 7 

7 0. 60 0. 58 

8 0. 24 0 . 6 1 

9 0. 59 0. 47 

10 0. 56 0 . 3 2 

11 0 . 4 4 0. 40 

12 0 . 4 6 0 . 4 3 

13 0 . 7 1 0. 65 

Different enzyme systems respond differently to irradiation and seem 
to reflect the induced metabolic derangements in the cells. 

The post-irradiation changes in the dermis are not too impressive with 
histological and histochemical procedures. However, by chemical means 
some changes are noted. Around the 6th post-irradiation day there is an 
increase in the hexosamine and hydroxyproline content of the dermis. Such 
a finding may be due to stimulation of the fibroblasts by ionizing irradiation 
to increase the production of these chemicals. 

An early attempt aimed at the study of the vascular response to irradi-
ation following intravenous injections by using a method of intravenous 
injections of colloidal carbon preparation. However the method had to be 
discontinued since lots of difficulties arose in maintaining the animals alive 
after the intravenous injections. 
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ANNEX I 

STAINS AND ENZYMATIC REACTIONS USED 

(1) Paraffin sections 

( a) Haematoxylin and Eosin (H. E. ). 
(b) Toluidine Blue, O.SM, pH 4.0 (T. B. ). 

( e ) Periodic Acid Schiff - Alcian Blue with and without pretreatment of the tissue sections with diastase 
(PAS-AB). 

(d) Barnett-Seligman's Dihydroxy-Dinaphthyl Disulphide (DDD) method for Sulphhydryl (-SH) and 
Disulphide ( - S : S - ) groups utilizing blockage of -SH groups with iodoacetate and subsequent reduction 
of -S : S- to -SH by potassium cyanide. 

(e ) Feulgen reaction for Desoxyribonucleic Acid (DNA) before and after treatment of tissue sections with 
Desoxyribonuclease (DNAse) in veronal buffer, pH 7. 5. 

( f ) Methylgreen-pyronine reaction for Ribonucleic Acid (RNA) before and after treatment of tissue sections 
with Ribonuclease (RNase). 

(g) Acride Orange (A. О. ) before and after treatment of tissue sections with DNase. 
(h) Acridine Orange before and after treatment of tissue sections with RNase. 
(i) Thioflavine T. (T. T. ) before and after treatment of tissue sections with DNase. 
( j ) Thioflavine T. before and after treatment of tissue sections with RNase. 

(2) Enzymatic reactions 

(a) Alkaline phosphatase - using sodium alpha naphthyl phosphate, Fast Blue salt B, at pH 1 0 . 5 - 1 1 . 0 . 
(b) Acid phosphatase - using sodium alpha naphthyl phosphate, Fast Blue salt B, at pH 5. 0. 
(c) Beta-glucuronidase - using the ferric hydroxyquinoline method. 
(d) Succinic dehydrogenase - using sodium succinate and Nitro ВТ at pH 6. 7. 
(e) Glucose-6-phosphatase using potassium glucose-6-phosphate and lead nitrate at pH 6. 7. 
( f ) TPN - specific Glutamate Dehydrogenase (GluDH/TPN). 
(g) DPN - specific Glutamate Dehydrogenase (GluDH/DPN). 
(h) Malate Dehydrogenase (MDH). 
( i ) TPN - specific Malate Enzyme (ME). 
( j ) Glycerine-l-phosphate Dehydrogenase (GDH/ftPN). 
(k) Lactate Dehydrogenase (LDH). 
(1) TPN - specific Isocitrate Dehydrogenase (ICDH/TPN). 
(m) DPN - specific Isocitrate Dehydrogenase (ICDHA)PN). 
(n) Glucose-6-phosphate Dehydrogenase (G6PDH). 
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RESEARCH CONTRACT No. 225 

Title 

Experimental work on chemical treatment after irradiation. 

Research institution 

Department of Experimental Radiology, Faculty of Medicine, Kyoto 
University, Kyoto, Japan. 

Principal scientific investigator 

T. Sugahara. 

Period of contract 

1 October 1963 - 30 September 1966. 

Scientific background and scope of project 

F o r protection of man against excessive exposure to radiation physical 
shielding is the best method for protection against external radiation. How-
ever, for emergency exposure chemical protection before and after i r radi -
ation may be of some value for the treatment of exposed persons. It has been 
generally assumed that there is little hope for recovery of radiation damage 
after exposure by the administration of chemical agents. The most effective 
t reatment after i rradiat ion is the b o n e - m a r r o w therapy though it may be 
complicated by the secondary syndrome. Recent findings suggest that there 
a r e possibilities of enhancing the r e c o v e r y from radiation with c h e m i c a l 
agents. The objectives of the research contract are to present experimental 
evidence for the development of new ways of treating persons who have been 
exposed to relatively large amounts of ionizing radiations. T h e ' r e s e a r c h 
contract aims at elucidating the role of chemical protective agents. However, 
the problem of extrapolation to man is to be born in mind. Mammalian cells 
in culture and mammals were used. The study of the effects of nucleic acids 
and their derivatives on irradiated cells and animals may suggest a way of 
treating exposed people. 

The r e s e a r c h was c a r r i e d out in two stages, a period of 2 y e a r s from 
1 October 1963 to 30 September 1965 which was partly financed by the Agency, 
and then a period from 1 October 1965 to 30 September 1966 where the r e -
s e a r c h contract was on a c o s t - f r e e basis . The chemicals tested were an 
alkaline hydrolysed product of yeast RNA which was reported to be composed 
of four kinds of nucleotides, various p r e c u r s o r s of nucleic acids and some 
other compounds. 
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A. Period from 1 October 1963 to 30 September 1965 

Adult mice of strain C57 B L / 6 and dd/YF have been used throughout the 
experiment. F o r some special experiment mice of strain C F # 1 and RF which 
are more radiosensitive than C57 B L were used. F o r the study on cel ls 
in vitro the mouse strain L - c e l l s in cell culture have been used throughout 
the experiments. 

I. Experiments on survival of mice 

Whole-body irradiations of 365 R by 60Co gamma rays or 300 R of 200kV 
X-rays were repeated once a week till the death of the animals. The chemi-
cals tested and dose are given in Table I. The chemicals were given three 
times a week (occasionally .once per week) throughout the experiments. The 
mean survival time was used as a criterion for the demonstration of the 
protective effect. 

Some of the chemicals which proved effective for repeated irradiations 
were tested for single whole-body irradiation. Chemicals were given three 
times per week for 2 -3 weeks after single exposure of 700 or 800 R in dd/YF 
mice. 

Results: The most effective chemical was a З'-nucleotide mixture and a 
nucleoside mixture. It is to be noted that although 5'-nucleotides may be 
the direct precursors of DNA they had no effect. No protective effect was 
found when the animal received a single lethal dose. In the repeated irradi-
ation experiments it was found that the chemical Nucleton was more effective 
if administered after irradiation than before irradiation. 

II. Studies on blood-forming cells in mice 

Two types of experiments were carried out: 

(a) Transplantation experiments 

Bone-marrow cells from young C57 B L / 6 mice (both sexes about40days 
of age) were exposed to 0 or 200 R. The marrow was taken from the femur 
and a definite number of nucleated cells were transferred through the tail 
vein of heavily irradiated C F # 1 adult mice (about 60 days of age). Chemicals 
were given to the donor before taking out bone marrow or in the recipient 
after transplantation. Colony counting in the spleen was discontinued be-
cause of the inconsistency of the results. 

Results: The protective effect as judged by the increase in spleen weight of 
the recipients was rather variable. Significant results were obtained when 
the recipients were treated with Nucleton 1 week after irradiation. 

(b) Experiments on endogenous colony formation in the spleen 

Adult mice of C57 BL, RF and C F # 1 strains were irradiated with X-rays 
of 400, 500, 600 and 700 R respectively. Mice were given 0.1 ml of Nucleton 
2 days after exposure till the animals were sacrificed 9 days after irradiation. 
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T A B L E I. NAME OF COMPOUNDS AND THEIR DOSES FOR 
P R O T R A C T E D E X P O S U R E E X P E R I M E N T S 

Name of „ , Dose 
, , . . Compound , -, , Remarks 

abbreviation ( m g / m o u s e ) 

Nucleton 

3" - N 

An alkaline-hydrolysed 

product from yeast RNA 

A mixture of 
3' - AMP 
3' - GMP 
3' - UMP 
3' - CMP 

0. 25 

0. 0625 
0. 0625 
0. 0625 
0. 0625 
0. 25 

Aqueous solution 

In physiological saline 
(nutritional b iochemica ls ) 

5' - N 

AICA 

AICA-orotate 

5' - dAMP 

Adenine 

N- side 

Inosine 

Leoamin 

Ipsilon 

Cephalantin 

A mixture of 
5' - AMP 
5' - GMP 
5' - UMP 
5' - CMP 

4 - a m i n o 5 - i m i d a z o l e 
carboxamide 

4 - a m i n o 5 - i m i d a z o l e 
carboxamide-orotate 

5' -deoxy AMP 

Adenine . HC1 

A mixture of 
Adenosine 
Guanosine 
Uridine 
Cytidine 

Inosine 

A mixture of 
- a m i n o - n - c a p r o i c acid 
Adenine 
Carbazochrome 

- a m i n o - n - c a p r o i c acid 

An alkaloid extracted 
from menispermaceous 
plants. 

0. 0625 
0 . 0 6 2 5 
0. 0625 
0. 0625 
0 . 2 5 

2. 0 

2. 0 

0. 25 

1. 0 

0. 0625 
0. 0625 
0. 0625 
0. 0625 
0. 25 

2. 0 

20. 0 
0. 2 
0. 1 

20. 0 

0. 5 
0.1 
0. 01 

and 

In physiological saline 

Aqueous solution with 
N a j S p , , pH adjusted 

Aqueous solution with 
diethanolamine 

In physiological saline 

Commerc ia l ly avai lab le 
in an ampoule 

In physiological saline 

Aqueous solution with 
some auxiliary agents 

Aqueous solution with 
some auxiliary agents 

Aqueous solution with 

some auxiliary agents 

Aqueous solution 
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The results are consistent but puzzling. Increase in spleen weight after 
the administration of Nucleton was observed in C57 B L mice but not in RF 
and C F # 1. The colony counts decreased with the treatment in the RF mice 
but remained unchanged in C57 BL and CF#1 mice. It may be concluded that 
Nucleton cannot increase the survival of irradiated cells but can enhance the 
growth and possibly differentiation of surviving cells . It can be concluded 
that the results on blood-forming cells in mice reveal that the nucleotide 
mixture had a protective effect on the growth and probably on differentiation 
of irradiated bone-marrow cells. 

III. Studies on nucleic acid metabolism in mice 

Nucleic acid metabolism in the spleen and regenerating liver of mice 
was studied after 200 R whole-body irradiation for the splenic studies and 
after 800 R whole-body irradiation for the liver studies. Phosphorus-32 
was used as a tracer , and was incorporated into acid soluble, lipid, RNA and 
DNA phosphorous fractions of these organs. 

In the spleen the exposure resulted in a significant reduction in 3 2P in-
corporation into DNA and RNA fractions 48 hours after exposure. No definite 
effect of Nucleton treatment on the result was observed. In the regenerating 
liver the incorporation of J¿P in RNA-P fraction increased 30 hours after 
partial hepatectomy and those into ASP and DNA-P fractions a little later . 
The treatment with Nucleton seemed to reduce the inhibition of DNA synthesis 
induced by radiation. RNA metabolism was not modified by the protective 
treatment. 

IV. Studies on cells in cultures 

The mouse strain L - c e l l s have been used throughout the study. The 
cells have been maintained through routine subculture every week at 37°C. 
YLH media were used supplemented with 5% bovine serum and antibiotics. 
Four types of experiments were carr ied out to demonstrate the protective 
effect of chemicals. 

(a) Growth curve obtained by counting cell numbers 

Cell suspensions were irradiated with gamma rays from 60Co and in-
cubated at 37°C for 7 days thereafter with Nucleton solution or a3'-nucleotide 
mixture. The cell number was determined on the 0, 2nd, 4th and 7th day 
of the incubation. F r o m the relative increase of cel ls for 7 day culture, 
dose survival curves were plotted for each treatment. 

(b) Surviving colonies after a heavy exposure 

L - c e l l s were irradiated with2000R of X - r a y s after 24-hour incubation 
at 37°C. One hour after irradiation the medium was exchanged with that 
containing nucleotide mixtures. Treatment with nucleotide was given for 
7 days or continuously. 

Exchange of the medium was carried out every 7 days for 3 months and 
thenumberof colonieswas counted every 30, 60 and 90days after irradiation. 
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(c) Colony formation with feeder layer 

L - c e l l s were grown for 3 o r 4 days and irradiated with 500 R of 6 ( t o . 
Two hours after irradiation cells were diluted and plated for colony formation 
on the gamma-ray sterilized cell layer. Chemicals to be tested were added 
to culture media after plating. After 2 weeks' incubation at 37°C, the number 
of colonies per bottle were scored after fixation and staining. 

The results on culture cells were rather variable. However, increased 
survival was obtained by the treatment with the З'-nucleotide mixture and 
inosine in some experiments . 

(d) Recovery as demonstrated by split-dose method 

L - c e l l s in suspension plus the chemicals to be tested were irradiated 
with 2 doses of 250 R at various intervals. Incubation at 37°C was continued 
between and after irradiation. Seven days after the first exposure the cells 
were stained with c rys ta l violet in a ci tr ic acid solution and the numbers of 
viable cells were counted. 

The resul ts may indicate that the t reated group showed enhanced r e -
covery as compared with the control group. 

Conclusions 

(1) Various nucleic acid p r e c u r s o r s are effective for protection from 
sublethal irradiation in mammals . 

(2) No protective effect after single lethal whole-body irradiation dose 
was observed. 

(3) These results are supported by studies conducted on cells in vivo. 
The protective effect of 3'-nucleotides on cell growth was demonstrated by 
the transplantat ion as well as endogenous colony forming e x p e r i m e n t s . 

B . P e r i o d from 1 October 1965 to 30 September 1966 

Scientific background and scope of project 

The purpose of the r e s e a r c h c a r r i e d out was to analyse the protective 
and restorative effect of an alkaline hydrolysed product of yeast RNA on r e -
peatedly irradiated mice. Similarly glutathione, a SH protective compound, 
was tried on repeatedly irradiated mice . In addition the protective effect 
against internal irradiation has been studied in mice with nucleic acid pre-
cursors and glutathione. Intravenous injection of а 2 Р as phosphate was used 
for exposure. 

Experimental materials and method 

(a) Studies on kidney hypertrophy and spleen weight 

The right kidney was surgically removed from female d d / Y F mice at 
40 days of age under anaesthesia. One day after the nephrectomy the animals 
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were irradiated with 400 R of X - r a y s . Animals were sacrificed 10 days after 
the nephrectomy and the weight of the remaining kidney and the spleen was 
measured. In the meantime an alkaline hydrolysed product of the yeast RNA, 
Nucleton, was administered every two days after irradiation. The dose was 
0.25 mg per mouse per injection in 0.1 ml solution. 

(b) Studies on glutathione 

Adult male d d / Y F mice were treated with glutathione of varying doses 
(from 5 to 25 mg) 15 minutes before whole-body irradiation of 700 R. The 
glutathione was given to two sets of animals, one set receiving fractionated 
doses. The reported irradiation was made with BUCo delivering 365 R. The 
glutathione was given in 25 mg once per week before every exposure in one 
group; in the second group it was given three times per week 2 days before 
and 4 days after irradiation. 

(c) Studies on 3 2 P-ortho-phosphate 

3 2 P-ortho-phosphate (specific activity 99 m C i / m g ) diluted with physi-
ological saline was given intravenously, the dose being 5-7 |uCi/g body weight 
at 40 and 60 days of age respectively. Glutathione (25 mg) or Nucleton 
(0.25 mg) was given subcutaneously three times per week for 30 days after 
3 2 P injection. Male dd/YF mice were used. The body weight was measured 
every 5 days. 

Results obtained 

(a) Unilateral nephrectomy at 40 days of age resulted in a significant in-
c r e a s e in weight of the remaining kidney at 50 days of age. Irradiation with 
400 R of X - r a y s immediately before or 24 hours after nephrectomy seemed 
to depress the hypertrophy. Administration of Nucleton after irradiation had 
no effect on the depression of radiation when irradiation was given 24 hours 
after nephrectomy. However, changes in the weight of the hypertrophy kidney 
induced by radiation and their modification by irradiation and administration 
of Nucleton were not statistically significant. A slight decrease in body weight 
was observed but not significant. Spleen weight decreased significantly 9 days 
after irradiation but not so much 10 days after irradiation. Effects of Nu-
cleton on body and spleen weight were controversial , i . e . radiation effects 
were enhanced where irradiation occurred after nephrectomy but the effects 
were reduced when irradiated before nephrectomy. 

(b) The administration of 10 and 2 5 mg of glutathione resulted in a slight 
but statistically significant increase in 30 days' survival . Glutathione ad-
ministered before every irradiat ion was effective for the prolongation of 
survival but two additional doses of the agent between irradiations could not 
increase the survival time significantly. 

(c) Death of the animals injected with 3 2 P did not o c c u r up to the end of the 
experiment . The injection of 3 2 P resulted in depression of growth. Ad-
ministration of glutathione or Nucleton seemed to eliminate the depression. 
However, the effect was not so c l e a r in mice at 60 days of age as in those 
of 40 days. 
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Conclusions 

. Results obtained so far a re not enough in number to reach a definite 
conclusion except perhaps on glutathione. It is shown that glutathione can be 
used repeatedly before irradiation. In addition the protection against inter-
nal irradiation was demonstrated for the first time though the data are still 
preliminary. A combination of glutathione and Nucleton will be investigated 
in the future. It can be tentatively concluded that a nucleotide mixture 
(Nucleton) removes the depression of the hypertrophy of the kidney induced 
by radiation. 
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SUGAHARA, T . , "Recovery from radiation damage and its modification in mammalian cel ls" , Mechanisms 
of the Dose Rate Effect of Radiation at the Genetic and Cellular Levels, Oiso Conf. held in November 1964. 
A special supplement to Jap. J. Genet. 40. 

SUGAHARA, T . , NAGATA, H. , TANAKA, T. , Effect of an alkaline-hydrolyzed product of yeast RNA on the 
survival of repeatedly irradiated mice, Rad. Res. (1966, in press). 

SUGAHARA, T . , TANAKA, T. , Radiosensitivity of bone marrow cel ls in the mouse strains with different 
LD50, Nippon Acta r a d i o ! 25 11 (1966) 1255-59 . 

SUGAHARA, T . , TANAKA, T. , NAGATA, H., Restoration from radiation damage with nucleotide mixtures in 
mice, Folia biol . (Praha) 10 (1964) 461-64. 
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RESEARCH CONTRACT No. 251 

Title 

Development of a standard method for testing packaging for radioactive 
materials for radiation leakage. 

Research institution 

Industrial Radiology Department, Electrotechnical Institute, Warsaw, 
Poland. 

Principal scientific investigator 

J . Domanus. 

Period of contract 

1 F e b r u a r y 1964 - 1 October 1965. 

Scientific background and scope of project 

An important requirement, after using physical and mechanical tests to 
demonstrate that a packaging for the transport of radioactive material is of 
the required standard, is to show that the packaging has retained its contain-
ment and radiation shielding properties to the necessary degree. No standard 
method of testing the efficiency of the radiation shielding of a packaging 
ex is ts at the present t ime and the purpose of this r e s e a r c h is to develop 
suitable test methods using autoradiographic and radiometr ic techniques. 
Both methods have been subjected to preliminary investigation which indi-
cated that both were feasible. 

Experimental method 

In both the autoradiographic and radiometric investigations two sets of 
examinations were made: one on existing shielded packagings, of radiation 
shield thicknesses 25, 50 and 90 mm of lead, and the other, for calibration 
purposes and sensitivity a s s e s s m e n t , on simulated 'packagings' in which 
defects of known size had been made. The radiation sources used were 1 9 Zlr 
for shielding thickness of 25 mm, 1 3 7Cs and 6 0 Co'for a thickness of 50 mm 
and 6 0Co f o r a thickness of 90 mm. The radiation sources were used as point 
sources, and also as large volume sources. 

The autoradiographs were obtained by applying X - r a y films to the outer 
surfaces of the packaging, using flexible c a s s e t t e s where n e c e s s a r y . On 
packagings with superficial projections cylindrical aluminium formers, con-
centric with, and as close as practicable to the packaging surface, were used 
as bases on which to mount the X - r a y film c a s s e t t e s . In the calibration of 
this method the characterist ic curves for the X - r a y film, and the curves for 
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the attenuation of radiation in lead were used to relate variations in auto-
radiograph density to the corresponding physical reduction in shielding and 
the consequential increase in radiation dose rate (see Fig . 1). Industrial 
radiography was used to confirm the defects, in existing packagings, iden-
tified by autoradiographs. 

The radiometric method required a specially designed apparatus which 
enabled a 1-in. Nal(Tl) crystal, in a conical collimator (several sizes were 
tried) to 'see' a point source, placed in the package under examination, along 
radii, at intervals of 10° in a vertical plane from the point source as the 
centre (see Fig. 2). F o r each line of sight the package, in an automatic turn-
table, was turned through 360° at a speed appropriate to the resolution time 
of the scintillator. Sensitivity assessments were made using the scintillator 
in conjunction with a preset t imer and scaler but because of the need to 
develop a practical method of carrying out the test a more rapid scanning 
method was developed using an amplifier, count-rate meter and recorder . 

Variations in lead shielding thickness due to defects were recorded by count-
rate peaks (see Fig. 3) and a calibration was made by comparingthe increased 
count rate, due to known defects, with the increase in dose rate which could 
be calculated from the reduction in shielding efficiency in the defects of 
known size. 

Some experiments were also made using a portable scintillation counter 
with Nal(Tl) crystals (2- in . , 3 /4- in. and l / 1 2 - i n . ) and a portable ionization 

FIG. 2. Radiometric method detection apparatus with turn-table 
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chamber d o s e - r a t e m e t e r . The results obtained with those measuring 
devices were much worse than with the described laboratory scintillation 
counter and therefore it is not recommended to use such devices in the 
radiation-leakage-test testing. 
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FIG. 3. Recordings of defects in the lead shielding of a packaging detected by scintillation counter 

Results obtained 

The autoradiographic method was very effective in revealing defects in 
the radiation shielding, defects as small as 2 mm loss of lead thickness being 
detectable over the range of shielding thickness investigated, i . e . u p to 90 mm. 
However, in relating the variation in autoradiograph density to the increase 
of radiation dose ra te due to shielding defects e r r o r s of the o r d e r of 30% 
could be obtained. Several autoradiographs of packagings with visible defects 
were made using both point and large volume radiation sources inside them. 
The large volume source did not provide a sufficiently sensitive response 
since in some cases defects, indicating 80% radiation dose increase on auto-
radiographs made using a point source , were not detected at all using the 
large volume source . 

In the radiometric method the most sensitive results were obtained by 
comparing the individual defects with undamaged areas in the shielding using 
the preset t imer and scaler techniques. On account of time taken using such 
methods the more speedy scanning arrangement was used and defects in the 
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range 3 - 1 0 mm thickness of lead were identified corresponding to recorded 
increases in count rate greater than 10%. 

In both methods the measured dose increase due to defects in the 
shielding was very much less than that calculated from the known size of the 
defect due to the scattering of radiation in the vicinity of the defects. 

Conclusions 

The autoradiographic technique is the more sensitive method for the 
detection of defects in shielding and as such it may be used for the qualitative 
examination of packaging. A point source of radiation should be used within 
the packaging. However its use for a quantitative assessment of increased 
dose rate due to defects is not satisfactory particularly in respect of the per-
missible 100-fold increase in dose rate in Type В packaging following the 
application of the severe mechanical and thermal tests. In the latter purpose 
the radiometric method should be used. 
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RESEARCH CONTRACT No. 2 98 

Title 

Assessment of the minimum activity required per radioluminous timepiece. 

Research institution 

Laboratoire Suisse de Recherches Horlogères, Neuchâtel, Switzerland. 

Principal scientific investigator" 

H. R. Enz. 

Period of contract 

1 April 1965 - 30 April 1966. 

Scientific background and scope of project 

A joint working group was set up by the European Nuclear Energy Agency 
and the International Atomic Energy Agency to formulate draft radiation 
protection standards that would specify the maximum activities of radio-
nuclides that could be used on watches and clocks available to the public. 
During the discussions of this working group it soon became apparent that 
information was lacking on the minimum activities of the various radio-
nuclides that would give adequate luminosity for reading the timepieces. The 
minimum activity could be calculated, but the numerous assumptions that had 
to be made introduced many uncertainties in the results . The present re -
search project was therefore undertaken to provide experimental data on the 
minimum activities that would guarantee adequate legibility for dial markings 
on timepieces of various types and sizes. 

The project was split into two parts. The first one involved the deter-
mination of the relationship between the activity of the radionuclide incor-
porated in the dial markings and the amount of light emitted. The second 
one involved the subjective determination of the minimum amount of light 
required for correct reading of the dial indications. By combining the results 
it is then possible to assess the minimum activity of a particular radio-
nuclide required per timepiece for satisfactory transmission of the information. 

Experimental method 

In the first part, the selected radionuclides, incorporated in a ZnS. Cu 
phosphor and mixed with a binder, were painted in c i rcular patches of an 
area of 1 c m 2 , on an unpolished stainless-steel backing. The radionuclides 
selected for this investigation were 3H, 14C, 8 5Kr, 9 0Sr, " T c , 1 4 7 Pm, 204T1, 
siopb, 226Ra, 230xh, and 241Am. The specific light output as a function of the 
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thickness of the luminous paint was determined using a photomultiplier tube 
fitted with a correction filter that permitted measurement on the photopic 
scale. The optimum thickness of paint for each radionuclide was thus 
determined. Tingsten lamps were used as standards for the calibration 
of the photomultiplier output. 

The luminous efficiency, expressed in candela per watt of radioactive 
power, was then calculated for a l a y e r of paint of optimum t h i c k n e s s . 

In the second part, green light of the same spectral composition as 
that emitted by the phosphor was used to illuminate an opal glass screen 
covered with a black mask in which apertures were cut corresponding to the 
dial markings and hands of timepieces of different s izes . The luminance 
of the opal glass could be varied continuously over the range 4 X 10~7 to 
2.5 X 1СГ2 cd /m 2 by means of neutral glass plates and a neutral wedge. The 
luminance at a particular setting remained constant to within ± 3%. 

The masks were viewed binocularly by five observers who had normal 
colour vision and who had undergone dark-adaptation for 30 minutes. Ten 
simulated dials of the same geometrical shape, but with different positions 
of the hands, were read successively and a reading was considered to be 
incorrect if it was in e r r o r by more than 5 minutes. A curve was plotted 
for each observer showing the variation of the percentage number of correct 
readings with the luminance of the glass; from this curve the value of the 
luminance corresponding to a c o r r e c t reading in 50% of the observations 
was read off. 

Results obtained 

It was found that the optimum thickness of the luminous paint varied 
from about 700 g / m 2 for 14C to about 2000 g / m 2 for 9 0 Sr. 

The values of the luminous efficiencies obtained for samples of paint 
2 months after preparation are as follows: 

Nuclide 3H " С 8 5Kr 90Sr " T c I47pm 204T1 210Pb 226Ra 230Th ш А т 

Thickness 
of paint 500 700 1200 2000 900 700 1200 800 700 700 700 
(g/m 2) 

Luminous 4 7.6 5.8 5.03 9.0 7.6 6.0 3.7 7 8.1 6.1 
efficiency 
(cd/W) 

It is sufficiently accurate for the purpose of this investigation to assume 
that the luminous efficiency of a freshly prepared sample of paint of optimum 
thickness is 7 cd/W of radioactive power. 

The light output of the paint samples decreases with time owing to loss 
of activity of the incorporated radionuclides, escape of radioactive material, 
radiation damage to the phosphor and undesirable chemical reactions. Within 
the period of the contract it was not possible to investigate fully the variation 
of the emitted light with time. 
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In the second part of the investigation it was found that the minimum 
light required by the observers to record 50% of their readings correctly lay 
within the range 0.06 (d/20) 2 - 0.6 (d/20) 2 ncd, where d is the observation 
distance in cm. 

Conclusions 

In using a timepiece it would not be considered satisfactory to record 
the time reading correct ly in only 50% of the observations and a factor of 
100 was adopted as the factor by which the level of light should be increased 
to give a satisfactory performance. 

Taking this factor into account it was concluded that the level of light 
required to transmit the time information correct ly at a distance of 20 cm 
lies within the range (0.6 - 6) 10" 6 cd. 

Assuming that the luminous efficiency of the paint is 7 cd/W, the radio-
active power required per timepiece lies within the range 10"9 - 10~8 W. 
Taking the larger value, 10~3 W, the activities per timepiece of the various 
radionuclides required for comfortable reading by a fully dark-adapted ob-
server using a new timepiece have the following values: 

Nuclide 3H 14C 1 4 7 Pm 2 0 4 T1 2 2 6Ra 2 3 0Th 

Activity per 0.4 mCi 25 /uCi 19 ¿íCi 0.07 ^Ci 0.07 ^Ci 0.27 ,uCi 
timepiece 

Papers published on work done under the contract 

ENS, M. Y . Matières luminescentes: mesure de la lumière émise (Luminescent material: The measurement 

of light emission), J. suisse Horlog. U/12 (1965) 191-95. 
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RADIATION BIOLOGY 

R E S E A R C H CONTRACT No. 162 

Title 

A study of the effects of ionizing radiation and of their modification by 
chemical protectors on the permeability characteristics of living membranes. 

Research institution 

Department of Biochemistry, University of Liège, Liège, Belgium. 

Principal scientific investigator 

E . Schoffeniels. 

Period of contract 

2 7 December 1962 - 26 December 1965. 

Scientific background and scope of project 

Since cell membrane function is crucial to the maintenance of normal 
cellular activities, definition of its response to irradiation is necessary to 
provide further understanding of the mechanism of radiation injury. Of 
particular interest is the relationship between disturbances in cellular 
metabolism, intracellular ion concentration and functional changes in the 
active transport processes of cellular membranes after exposure to irradi-
ation and toxic agents. A variety of in vitro cell systems were employed to 
provide a spectrum of permeability and membrane structural characteristics. 

Experimental method 

Red blood cells and red cell ghosts (from man, dog, cock and pigeon), 
intestinal mucosa, isolated nerve fibres from lobster and amphibian skin 
were used on test sys tems. Quantitative assays of several permeability 
characteristics, e . g . relation between fluxes of water and various inorganic 
ions, changes in ATPase activity e tc . , were studied using biochemical and 
enzymological techniques; 22K, '/2N&, 24M"a and 14C-labelled amino-acid pre-
cursors were used as t r a c e r s . The effects of 50 kV X - r a y s and metabolic 
inhibitors and the influence of chemical radioprotective agents like cystea-
mine, MEA, amines e t c . , were assessed on ce l l permeability function. 
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Results obtained 

The effect of X - r a y s and chemical inhibitors on the amino-acid syntheses 
in lobster ventral nerve fibres were studied, using 14C-labelled glucose and 
pyruvate. Several metabolic pathways were observed, some of which de-
pended upon the presence of various ions. 

Radiation depression of permeability function and alanine synthesis ap-
peared to reflect inactivation of the associated enzyme system (glutamic acid 
dehydrogenase) rather than a change in the cationic composition of intra-
cellular space. Chemicals which are normally effective in preventing radi-
ation mortality of the intact organism did not appear to prevent radiation-
induced permeability changes when tested with in vitro systems of red blood 
cells and red cell ghosts. 

Conclusions 

Studies on the ionic requirements of the (Mg2+ + Сa2+)-dependent ATPase 
activity in intact red cell ghosts were described, as were the relationships 
existing between innervation and the permeability charac ter i s t i cs of frog 
skin. 

Papers published on work done under the contract 

GILLES, R. , SCHOFFENIELS, E., Action de lavératrine, de la cocaïne et de la stimulation électrique sur la 

synthèse et sur le pool des acides aminés de la chaîne nerveuse ventrale du homard (Effect of veratrine, cocaine and 

electrical stimulation on the synthesis and the amino acid pool of the ventral nerve cord of the lobster),'" 

Biochim. biophys. Acta 82 (1964) 525-31. 

GILLES, R. , SCHOFFENIELS, E. , Decarboxylation des acides aspartique et oxaloacétíque chez le homard et 

l'écrevisse (Decarboxylation of aspartic and oxaloacetic acids in the lobster and the crayfish), Bull. Soc. Chim. 

biol. 48 3 (19661 397-417. 

GILLES, R. , SCHOFFENIELS, E. , La synthèse des acides aminés de la chaîne nerveuse ventrale du homard 

(Amino acid synthesis in the ventral nerve cord of the lobster), Biochim. biophys. Acta 82 (1964) 518-24. 

HAGEMEUER, F., RORIVE, G. . SCHOFFENIELS. E., The ionic composition of rat aortic smooth muscle fibres, 

Archs int. Physiol. Biochim. 73 3 (1965) 453-75. 

KÔVER, G . , SCHOFFENIELS, E. , Effets de l'irradiation X et de différentes substances sur les caractères de 

perméabilité des hématies (Effects of X-irradiation and various substances on the permeability characteristics 

of erythrocytes), Int. J. Rad. Biol. 9 5 (1965) 461. 

MELON, J . , SCHOFFENIELS, E. , Les caractères de perméabilité de l'épithélium nasal de type épidermoïde 

(Permeability characteristics of nasal epithelium of the epidermoid type), XVth Meeting of the Societa Oto 

Rhino-Laryngologica Latina, Bologna, 1-5 April 1964. . . 

SCHOFFENIELS, E., Effect of inorganic ions on the activity of L-glutamic acid dehydrogenase, Life Sci. 3 

(1964) 845-50. • : 

SCHOFFENIELS, E., Activité de la déshydrogénase de l'acide L^glutamique et osmorégulation (Activity of the 

dehydrogenase of L-glutamic acid and osmoregulation), Archs int. Physiol. Biochim. 74 2 (1966) 333-35. 
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SCHOFFENIELS, E., SALEE, Marie-Louise, The effects of the electrical stimulation of the brachial plexus on 

the potential difference of frog skin, С отр . Biochem. Physiol. 14 (1965) 584-602. 

WINS, P . , SCHOFFENIELS, E. , Studies on red-cell ghost ATPase systems: Properties of a ( M g 2 ^ Ca2+)-

dependent ATPase, Biochim. biophys. Acta 120 (1966) 341-50. 

WINS, P., SCHOFFENIELS, E., Contribution à l'étude de L'ATPase microsomiale des nerfs du homard (Con-

tribution to the study of microsomial ATPase in lobster nerves), Archs int. Physiol. Biochim. 

74 1 (1966) 89-96. 
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RESEARCH CONTRACT No. 2 98 

Title 

Survival curve of vaccinia virus after gamma irradiation. 

Research institution 

Biophysics Department, Institute of Sciences, University of Chile, 
Santiago de Chile, Chile. 

Principal scientific investigator 

J . Tohá Castellá. 

Period of contract 

20 December 1962 - 19 December 1965. 

Scientific background and scope of project 

The structure of virus DNA, or other viral constituents, can be i n -
vestigated by using ionizing radiation. F r o m differences in inactivation 
curves important conclusions can be drawn as to the relation between the 
radiation sensitivity and the s tructure of vital macromolecules . In view 
of the findings of Pfau and McCrea (1962), describing the existence of viruses 
with single- and double-stranded DNA, one could speculate on the mecha-
nisms of the observed differences in radiation sensitivity. Both types of 
viruses are capable of replication. One could further postulate that in mono-
stranded DNA the radiosensitivity would depend on the base composition, 
since individual bases have been shown to vary in their radioresistance 
(Pullman and Pullman (1961)). The aim of the project is to test the validity 
of these hypotheses. Basic r e s e a r c h on the mechanism of differences in 
radiosensitivity of micro-organisms can conceivably have important practical 
application. 

Experimental method 

In vaccinia virus Lancy strain, grown in chorio-allantoic membranes 
of 13-day-old chick embryo, the inactivation curves were determined follow-
ing irradiation using doses of the order of 104 to 105 R of gamma radiation 
from a 1 3 7 Cs source. The effects of different physical and chemical factors 
were examined, with particular emphasis to the significance of the 
single- and double-stranded structure of the DNA molecule. The estimated 
radioresistance values are correlated to the calculated target volume. The 
role of the changes in viral protein were also tested. 
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Results obtained 

Irradiation of vaccinia virus with gamma rays produces a two-component 
survival curve which persists despite increasing the dose rate by 7.5-fold, 
irradiating in the dry state, or with dose fractionation with light or dark 
intervals of maintenance. Purification of the virus preparation by DEAE 
Sephadex column modifies the compound nature of the survival curve, but 
the calculated target volume of the virus is very small relative to volume 
determinations obtained by sedimentation methods. Irradiation of the pro-
geny of virus corresponding to the second component of the inactivation curve 
also exhibits a two-component curve. When the virus is irradiated after 
growing in chicken embryo membranes and high bromine deoxyuridine con-
centration etc. , radiosensitivity of the second component of the survival 
curve i n c r e a s e s . 

Conclusions 

The compound inactivation curve of vaccinia virus is interpreted to re -
flect factors related to the non-identical virus structure as well as the pre-
sence in the medium of protective substances, e .g . proteins and amino acids. 

Papers published on work done under the contract 

AGUILERA, A., COLOMBARA, E., JIMÉNEZ, R., TOHÁ, I . , Synthesis of polyuridylic acid by gamma radiation, 

Biochim. biophys. Acta 95 (1965) 569-77. 

AGUILERA, A. , COLOMBARA, E. , TOHÁ, J. , Síntesis de nucleótidos desde nucleósidos mediante radiación 

gamma (Synthesis of nucleotides from gamma-irradiated nucleosides), VIII Reunion Anual de la Sociedad de 

Biología de Santiago, Concepción, Chile, 1-4 December 1965 , 2 2 and 3,p . l24. 

AGUILERA, A . , COLOMBARA, E. , TOHA, J . , Incorporación de nucléótidos, previamente activados por 

radiación, a polinucleótidos; y determinación de la vida media de este proceso (Incorporation of nucleotides, 

after gamma radiation, to polynucleotides and determination of the half-life of this process), VIII Reunion 

Anual de la Sociedad de Biología de Santiago, Concepción, Chile, 1-4 December 1965, 2 2 and 3, p. 124. 

AGUILERA, A . , COLOMBARA, E. , TOHA, J . , Efecto de mononucleótidos sobre la radiosensibilidad de se-

millas (Effect of mononucleotides on seed radiosensitivity), VIII Reunion Anual de la Sociedad de Biología 

de Santiago, Concepción, Chile, 1-4 December 1965, 2 2 and 3, p. 124. 

JIMENEZ, R., TOHÁ, C . J . , Incorporation of nucleotides to polynucleotides by gamma radiation, 5th Inter-

American Symposium on the Peaceful Application of Nuclear Energy, Valparaiso, Chile, 9-13 March 1964, 

p.13-19. 

JOSÉ TOHÁ, С . , Asymmetry of calculated messenger RNA, Z . Naturf. 20 b 9 (1965) 868-70. 
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RESEARCH CONTRACT No. 2 98 

Title 

Studies on primary radiation damage and mechanism of radiosensitivity. 

Research institution 

Biology Division, Atomic Energy Establishment Trombay, Bombay, India. 

Principal scientific investigator 

A . R . Gopal-Ayengar. 

Period of contract 

27 December 1962 - 31 December 1965. 

Scientific background and scope of project 

Production of free radicals is one of the major consequences of the inter-
action of ionizing radiations with biological molecules. These radicals are 
believed to play an important part in the induction of molecular damage and 
are of interest in understanding the mechanisms of primary radiation damage. 
The technique for the measurement of electron spin resonance (ESR) affords 
a direct measurement of the type, amount and decay properties of the 
radiation-induced radicals. Thus, an investigation was initiated to study the 
role of free radicals in different biological systems as related to radiation-
induced molecular and genetic damage. 

Experimental method 

The ESR techniques were used on seeds of different species exposed to 
ionizing radiation under varying temperature, moisture, radiation exposure, 
dose rate, and L E T conditions. Different organic compounds such as nu-
cleic acids, proteins, and oils were also studied. 

Results obtained 

High oil (HO) and low protein (LP) varieties of corn seeds were very 
radiosensitive to ionizing radiation as compared to low oil (LO) and high 
protein (HP) varieties. The free radical content of the LO seeds was higher 
and the decay rate was slower than those in the HO seeds: greater amounts 
of free radicals were observed in the L P than in the HP seed and the decay 
rate appeared to be faster in the former. However, no correlation could be 
shown between the amounts of free radicals produced and the radiosensitivity. 

A five-line spectrum was observed after irradiation of trypsin mixed 
with either purines or pyrimidines, the latter but not the former showing 
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ESR reactivity: this indicates that the former but not the latter react with 
the radicals. Two pyrimidines, thymine and uracil, were further investi-
gated and the former showed a signal from the methyl group. 

Conclusions 

(1) Different parts of the irradiated seed have different ESR signals and 
different varieties of the same seed showed different amounts and decay rates 
of ESR signals. 

(2) Pyrimidines but not purines react with hydroxyl radicals. 
(3) Thymine showes a charge migration to its methyl group. 
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RESEARCH CONTRACT No. 2 98 

Title 

The investigation of the mechanisms of chemical radiation protection 
and sensitization using a microbiological testing method. 

Research institution 

Institute of Applied Microbiology, Agricultural University, Vienna, Austria. 

Principal scientific investigator 

A. Szilvinyi. 

Period of contract 

1 March 1963 - 28 February 1966. 

Scientific background and scope of project 

The mechanisms of chemical protection against and sensitization to 
ionizing radiation are still largely unknown. Therefore, r e s e a r c h was 
undertaken in an attempt to learn more of the role of the protein-SH- and 
non-protein SH-groups and about the radiosensitivity of yeast at different 
cell cycle stages. The goal of the project was to find the most radiosensitive 
stage of the yeast growth in order to use a minimum amount of exposure, 
specifically to /З-rays, for the preservation of fruit juices. Yeas t is a 
somewhat unique organism in that it has vegetative stages with haploid and 
diploid chromosomes. It is of singular importance and interest in brewing 
and in the preparation of fruit juices with prevention from spoilage by 
various yeast strains. 

Experimental method 

Yeast (Candida tropicalis) was exposed to |3-irradiation ( 9 0 S r as a 
source of radiation); asynchronous and synchronous cultures were exposed, 
and attention was also paid to the three cell-cycle stages in relation to 
budding. The amounts of total nitrogen, nucleotides, RNA, DNA, sulphur, 
and sulphydryl groups were estimated by standard techniques. 

Results obtained 

The L D 5 0 of synchronized and asynchronized cultures of Candida tropicalis 
was found to be 13. 5 krad and 35. 5 krad, respectively. In some instances, 
giant cells were formed, particularly in the S-phase of the synchronized 
cultures; Maximum protection by SH-compounds was observed in the Gx 
phase. The yeast cells were found to be highly radiosensitive when the DNA 
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content per cell was low and the amount of non-protein SH-groups were 
highest. 

Conclusions • 

Two strains of yeast, Saccharomyces cerevisiae and Candida tropicalis 
show marked differences in radiosensitivity. The most radiosensitive phase 
of the cell cycle was found to coincide with incipient budding. A slight 
correlation was found between the radiosensitivity of the SH-groups. The 
synchronization of the yeast cells reduced the amount of exposure necessary 
to eliminate their reproductive integrity. 

Papers published on work done under the contract 

SZILVINYI, A. , KERNMAYER, G. , Riesenzellen durch 8-Strahlung (Formation of giant cells by 6-radiation), 

Naturwissenschaften 51 (1964) 241. 

SZILVINYI, A. , Die Bedeutung der Hefen fiir die Strablenbiologie (The importance of yeast in radiation biology), 

Monatsschr. ffir Brauerei, Berlin_4 (1965) 93-120. 
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RESEARCH CONTRACT No. 2 98 
Title 

Studies on the radiosensitivity of cells at the molecular level, with par-
ticular reference to effects on nucleic acid and enzyme activity. 

Research institution 

National Institute of Radiological Sciences, Chiba-shi, Japan. 

Principal scientific investigator 

K. Suzuki. 

Period of contract 

1 September 1963 - 31 August 1966. 

Scientific background and scope of project 

According to the current view of the lethal effects of ionizing radiations 
on DNA, which plays a critical role in living systems, there are some data 
to indicate that the radiation sensitivity of systems shows a proportional 
correlation with the amount and biological base composition of the DNA. It 
was found that the A - T types of DNA are far more radioresistant than the 
G - T types for a given ionizing radiation. Considering the lethal effect of 
X - r a y s , DNA is generally thought to be the most critically sensitive macro-
molecule in living systems. At present, however, the mechanisms by which 
the radiation-damaged DNA induces the eventual death of the cell are not 
understood. It is, therefore, very reasonable and appropriate to study the 
effects of X - r a y s on the macromolecular changes of DNA in relation to its 
biological activity, and stability during the post- i rradiat ion incubation. 

Experimental method 

The basic principle used was the measurement of the Ultra-Violet Flow 
Dichroism (UVFD). The transformation of DNA obtained from Diphococcus 
pneumoniae was determined. 3 2P-labelled DNA was obtained from E . coli B/r. 
The stability of irradiated DNA was studied with 3H-thymidine-labelied DNA, 
and the radioactivity of its soluble break-down product was measured by 
observing the degradation or instability of the DNA; the acridine orange 
binding capacity of DNA was used to study the macromolecular changes of 
the DNA. Ultra-violet and X - r a y irradiation were used. 

Results obtained 

The results showed that with u. v. - i rradiation inactivation occurred 
without extensive loss of UVFD; under the action of ultrasonic waves, how-
ever , loss of the biological activity was accompanied by extensive loss of 
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UVFD. The curves for deoxyribonuclease and X - r a y s are situated between 
these two extremes; therefore, the effect of X - r a y s on DNA molecules 
seemed to be analogous to that of deoxyribonuclease. Furthermore when 
transforming DNA was incubated with the extract of powder bacteria in the 
presence of magnesium, there was very little inactivation. If the DNA pre-
pared was pre-irradiated with u .v . the rate of inactivation became much 
greater . It was found that there was very little degradation of native DNA, 
whereas u .v . -DNA was broken down at a rate about five times greater. The 
degradation of 3 2 P-u . v. -DNA was inhibited by competing with unlabelled 
u .v . -DNA but not with denaturated or native DNA. 

The DNA in B s - 1 became very unstable at very low doses of u .v . (for 
example 100 e r g / m m 2 ) , while the DNA in B / r was much more resistant . 
The latter DNA became unstable if chloramphenicol was added in the medium 
for post-irradiation incubation. 

Visible light was delivered to the solution containing transforming DNA 
and acridine orange. The mode of binding was investigated by UVFD. It 
was found that the dye binds with DNA in such a way that the molecular plane 
is just perpendicular to the main axis of the DNA duplex. 

It was found that u.v. -irradiated Ç)R was partly reactivated in bothu.v. -
and X- i r radiated E_. coli C. , and X- i r radia ted </>R was also reactivated 
in both cells . 

Conclusions 

(1) The inactivation effect of X - r a y s on the transforming activity of 
DNA appeared to be due mainly to the single-strand breaks. 

(2) It appeared that the stability of DNA is one of the reflections of the 
difference in radiosensitivity between the two strains of E . coli, B / r and 
B r l . 

(3) The inactivation of the transforming activity of DNA irradiated with 
visible light in the presence of acridine orange was thought to be mainly 
due to the single-strand breaks. Exclusively bound the dye is involved in 
the inactivation process . 

Papers published on work done under the contract 

MORIGUCHI, E. , SUZUKI, K. , Enzymatic breakdown of UV-irradiated DNA by the extract from M. 

lysodeicticus, Biochem. biophys. Res. Commun. 24 (1966) 195-202. 

MORIGUCHI, E. , SUZUKI, K. , WADA, A . , Studies on the relationship between the transforming activity 

and the integrity of DNA as revealed by ultraviolet flow dichroism, Biochim. biophys. Acta 109 (1965) 578-84. 

ONO, j . , SHIMAZU, Y . , Ultraviolet reactivation of a bacteriophage containing a single-stranded DNA as 

a genetic element. Virology 29 (1966) 295. 

SUZUKI, K . , MORIGUCHI, E. , HORII, Z . , The stability of DNA in Escherichia coli B/r and Bs-1 irradiated 

with ultraviolet light, Nature, Lond. (in press). 
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SAFEGUARDS METHODS 

RESEARCH CONTRACT No. 92 

Title 

Development of a method of non-destructive analysis of irradiated fuel 
elements for uranium-235 and plutonium content by measuring the fission 
rates at different neutron energies. 

Research institution 

Atomic Energy Establishment Trombay, Bombay, India. 

Principal scientific investigator 

R. Ramanna. 

Period of contract 

28 December 1960 - 27 December 1963. 

Scientific background and scope of project 

Under this contract, a new approach to the problem of non-destructive assay 
of fissile material has been developed. It has been shown that by using a 
slowing down time lead spectrometer and making use of the difference in 
fission cross-sections of 2 3 5 U and 2 3 9Pu in the 0. 1 eV to 1 eV region, it is 
possible to est imate their relat ive concentration in i rradiated samples . 

Because of the lack of an intense neutron source, the method could not 
be applied to an irradiated sample. However, from the data obtained with 
the plutonium sources, a method of analysis that would serve for irradiated 
samples is outlined. 

It is known that for heavy moderators and for sufficiently high neutron 
energies, the neutron distribution is of Gaussian form with a constant dis-
persion. However, when the neutron energy approaches the energies 
associated with the thermal motion and chemical binding, the dispersion 
is no longer constant and is a function of energy. In the chosen method of 
analysis, the thermal motion influences the slowing down process at the 
plutonium resonance energy of 0. 3 eV. The measurements, undertaken to 
study the slowing down process considering both the mean slowing down time 
and the dispersion, indicate that the energy range of lead slowing-down 
spectrometers can be extended to energies of the order of 0. 2 eV provided 
the effects of thermal motion and chemical binding are taken into account. 
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Experimental method 

Using a 400 kV neutron source and 200 cm3 lead assembly, a lead 
spectrometer was constructed. The energy calibration and the slowing down 
properties both above and below 1 eV were investigated using capture gamma 
rays from resonance absorbers such as Ag, Au, Ho, Tb, In, Cd, etc. 

Results obtained 

Uranium-235 and plutonium-239 have similar fission c r o s s - s e c t i o n s 
in the region 0. 1 to 1 eV except at 0. 3 eV, where 239Pu has a resonance whose 
value is about 20 t imes that of 2 3 5U. Two samples of plutonium of about 
150 mg/cm 2 and 45 mg/cm 2 were used in the feasibility studies. It was seen 
that even with a thick sample and isotropic neutron distribution, it was 
possible to resolve the fission peak at 0. 3 eV. By comparing the fission 
rate of plutonium to that of 235U present in the natural uranium, it was possible 
to estimate the number of plutonium atoms to within 20%. The accuracy in 
the estimation of the plutonium can be improved using better counting 
s ta t is t ics . 

A method of estimating 2 3 5U burn-up and 239Pu production inthecaseof 
irradiated samples was outlined. This is based on studying the fission yield 
at two energies and the resonance energy. As a result of the high 7-field due 
to fission products, about 10 cm of lead will have to be interposed between 
sample and detector. This will cut down the fission counting rate to background 
level with the given detection efficiency and the neutron source. A minimum 
intensity 100 t imes greater than the present one would be required. 

Using a 2. 5 cm gamma attenuator, the analysis for plutonium estimation 
was repeated. It was seen that the introduction of a gamma attenuator 
between detector and sample has no effect on the plutonium estimation, thus 
verifying that this method of analysis could be used on irradiated samples. 
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RESEARCH CONTRACT No. 186 

Title 

Non-destructive analysis of irradiated fuel elements by establishing 
a reliable correlation between one or more gamma lines from the fission 
products and the burn-up of irradiated fuel elements or samples. 

Research institution 

Chalmers Tekniska Hôgskola, Gôteborg, Sweden. 

Principal scientific investigator 

N. Ryde. 

Period of contract 

27 December 1962 - 26 December 1964. 

Scientific background and scope of project 

The ultimate aim of the research project was to set up a method 
to determine the fissionable material content of irradiated fuel elements, 
especially the content of plutonium. Methods based on the integrated power 
records and associated calculations usually suffer from an uncertainty in 
the allocation of overall burn-up and plutonium production values to individual 
fuel elements. Another alternative, chemical analysis, involves destruction 
of the fuel elements. 

The project was essentially a double task: a quantitative determination 
of the content of selected nuclear fission products using their gamma 
radiation and, to that end, intensity measurements on selected gamma lines. 
It was assumed that the relationship between fission product content and 
plutonium content could be established by simple calibration procedures. 

Bent crystal spectrometry was chosen because of the high resolution 
it can provide. 

Experimental method 

A gamma-spectrometer was built, using a bent quartz crystal with a 
radius of curvature of 4 m. Crystal and detector can be rotated relative to 
the gamma beam, the precision of angle measurements is 0. 5 seconds of 
arc , which can be improved up to 0. 1 seconds of a rc . 

Actual measurements were made with various gamma-sources, including 
a small sample of irradiated reactor fuel. 
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Results obtained 

By measurements on a small sample of reac tor fuel subjected to a 
burn-up of 270 MWd/t UO2, it has been demonstrated that it is possible to 
resolve gamma lines from fission products with a bent-crystal gamma-
spectrometer . Gamma lines from the decay 9 5Zr-* 9 SNb -» 9 5Mo were 
distinguished. 

Due to the short irradiation time of the samples used no attempt was 
made to find the 661 keV line in the 1 3 7Cs -* 1 3 7 Ba decay that was originally 
considered as being the most promising for measurements. In addition, no 
attempt was made to estimate the burn-up from the gamma lines measured 
as they originated from the decay of short-living fission products. F r o m 
the experimental results it could be shown that burn-up measurements on 
several gamma lines would be feasible. 

Conclusions 

The work done under the contract has shown that the resolution of bent-
crystal gamma-spectrometers can be made sufficiently good to separate 
gamma lines from fission product decay to give values for burn-up 
determinations. 

The contract was finally discontinued because a re-evaluation of the 
Research and Development programme of the Department of Safeguards and 
Inspection led to the decision that for various reasons non-destructive 
testing of irradiated fuel could not be used by the Department within the 
foreseeable future. 

Papers published on work done under the contract 

ROHUN, J . . NILSSON. S. , LUNDQUIST, B. . HARDELL, R. , "A crystal diffraction spectrometer for 

non-destructive burn-up analysis", Proc. 3rd UN Int. Conf. PUAE, Geneva 9 (1965) 583. 
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RESEARCH CONTRACT No. 2 98 

Title 

Development of a photographic identification system for fuel elements. 

Research institution 

Stanford Research Institute, Menlo Park, Calif . , United States of 
America . 

Principal scientific investigator 

E . M . Kinderman. 

Period of contract 

1 December 1963 - 31 May 1965. 

Scientific background and scope of project 

The reactor discharge and irradiated fuel storage locations should be 
examined in any complete special nuclear materials inventory. They, 
however, present special physical difficulties to an auditor or inventory 
control manager. In these locations, the distance between object and 
observer, the poor illumination and the optical distortion caused by the 
shielding media (water, lead glass) contribute to the difficulties of materials 
inventory. 

Experimental method 

In an attempt to overcome these difficulties, and to provide a system 
for positive identification of reactor discharged fuel, a compact and convenient 
optical examination system has been developed that utilizes a fixed exami-
nation station, a periscope, a telescope and a camera . This system has 
been tested in a cobalt irradiation pool by examination of test coupons which 
were marked in various ways, and then treated in a hot, circulating water 
loop. In the test system, a water-filled periscope, 11-feetlong, a catadioptric 
telescope placed 16 feet from the periscope, and a 3 5 - m m c a m e r a for 
recording the observations were used. The telescope, camera, and mountings 
are all readily portable for their combined weights are less than 22 pounds, 
and the maximum dimension is 29 inches. 

Results obtained 

Photographic observations of test resolution charts in air 20 feet away 
from the objective of the telescope have demonstrated that the system can 
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resolve markings 22 microns in width. This corresponds to a resolution 
of 0. 8 second of arc . Tests performed on the water system have shown that 
resolution in this system is better than 50 microns at 20 feet. This c o r r e s -
ponds to a resolution of about 1 second of arc . It is clear thatthe resolution 
can never be better than the air path system. The present system used in 
an actual fuel inventory should adequately reproduce any inventory markings. 

Conclusions 

The model constructed and tested has satisfied the basic design 
requirements. Such a system will permit of identification and detection of 
irregularities in reactor fuel inventories. Of course, the periscope is only 
necessary for those r e a c t o r s using water as a loading and storage media. 
With moderate care one will be able to standardize the photograph size 
by adjustment of the target-objective lens distance to have the same effective 
path length for successive photographs. This would be desirable in the case 
where stereo projection of the negatives is used to detect forgeries. 

The telescope system has a resolution of about 0. 8 second of a r c . It 
can be reproduced at a cost of about $2000, and is easily transported by 
normal air travel. • 

Papers published on work done under the contract 

KINDERMAN, E: M . , MILLS, J. S., "A method of identification and inspection for inventory control 

of irradiated fuel elements", Nuclear Materials Management, IAEA, Vienna (1966) 275. 
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RESEARCH CONTRACT No. 2 98 

Title 

The development of a tamper-proof method based on a photovoltaic 
monitor to measure the total energy released in nuclear reactors cooled by 
gaseous carbon dioxide, boiling water, pressurized water, and heavy water; 
and the proof-te sting, with gamma rays, of the practical feasibility of the 
photovoltaic monitor. 

Research institution 

Stanford Research Institute, Menlo Park, Calif., United States of America. 

Principal scientific investigator 

E. M. Kinderman. 

Period of contract 

15 December 1964 - 31 December 1965. 

Scientific background and scope of project 

The photovoltaic cell consists of a piece of anodized tantalum, with a 
gold counterelectrode evaporated on the anodic insulating film. When this 
device is irradiated with gamma radiation, it generates a current in the 
same manner as an illuminated solar cell. Such a radiation monitor appears 
simple to use since the photovoltaic cell can be small and easily inserted 
deep into the shield, outside the reflector of a reactor, where gamma radi-
ation is proportional to reactor power. The integrating device can be left in 
a more accessible spot for readout with wires connecting it to the detector. 

Such a photovoltaic-cell, current-integrator system has been developed 
and tested by Stanford Research Institute for the International Atomic Energy 
Agency (IAEA), Division of Safeguards. The detectors are reasonably linear 
in current output versus gam m a-radiation intensity; a commercial electro-
lytic type of current integrator adequately integrates current from the 
detectors; a method for fabricating detectors with adequate long-term (over 
six months) stability and reliability in gamma-radiation fields has been 
developed. 

Conclusions 

The results obtained in fabrication and testing of the latest photovoltaic 
cells, and the successful performance of the latest type of current integrator 
in conjunction with the monitor, show that the system performs as expected, 
i . e . the photovoltaic monitor and its integrator should work satisfactorily 
as a passive reactor power monitor system. The fluctuations at low current 
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indicate that the monitor will be useful with a dose rate of from 104 rad/h to 
at least 10G rad/h of gamma radiation. Life tests on this type of photocell 
indicate that its life expectancy is at least 3 X 10s rads total dose, although 
it would require 1 -year irradiations of the cells made by latest techniques 
to prove that reciprocity holds with regard to the dose rate - time product. 

The monitor could be used in a position deep in the biological shield of a 
reactor , or even inside the shield (and outside the reflector) , wherever a 
dose rate somewhat in excess of 10 4 rad/h of prompt gamma radiation cauri 
be obtained at expected power levels. Low leakage twin lead-shielded cable 
would be used from the detector to the current integrator in an accessible 
spot outside the shield. The current integrator can be easily read out on the 
spot by a portable device. It includes a constant current source, a digital 
clock, and a triggering circuit actuated by the integrator when it is dis-
charged, so that the clock is stopped, yielding the (current) X (time) product 
remaining in the integrator. 

The photovoltaic system is intended as a monitor to check the accuracy 
of reactor operating records. 

The unit could be most easily calibrated with a direct-reading, ultra-
sensitive microammeter (Greibach or equivalent), at a time when the reactor 
was being run at a suitable power level. This type of instrumentation is 
portable and rugged; it could be easily carried by hand on commercial 
aircraft . 

Before photovoltaic monitors are incorporated in engineered systems, 
further measurements are required. Firs t , the monitor detector should be 
used in the actual radiation field expected outside the reflector of a large 
reactor to ascertain whether the neutrons in the radiation significantly 
shorten the monitor's lifetime or affect its calibrations. Second, the moni-
tors should be irradiated for at least 1 year at low dose rate (less than 
3 X 10 4 rad/h) to verify that actual (not merely total dose) lifetime is satis-
factory. This lifetime test should use the E-Cel l type current integrators, 
to provide lifetime tests of this portion of the apparatus as well. 



RESEARCH CONTRACT No. 2 98 

Title 

Development of a method to record the quantity of fuel charged and 
discharged from nuclear r e a c t o r s . 

Research institution 

United Kingdom Atomic Energy Authority, Chapelcross Works, Annan, 
Dumfriesshire, Scotland, United Kingdom. 

Principal scientific investigator 

E. P. Hotchen. 

Period of contract 

15 February 1965 - 14 February 1966. 

Scientific background and scope of project 

The monitoring of the number of fuel elements charged and discharged 
from a nuclear reactor is potentially a sensitive detection procedure for 
safeguards purposes. 

The work presented here studies the technical feasibility of a method 
to record the quantity of fuel charged and discharged from nuclear reactor . 

The work presents the study of monitoring the refuelling rate of con-
tinuously refuelled nuclear power reac tors , as a contribution to the IAEA 
Safeguards inspection procedures. The requirements for such a refuelling 
rate monitoring system are examined and a specification is given. 

Experimental method 

It has been assumed that the monitoring system must give satisfactory 
performance notwithstanding a possibly hostile environment. 

A comparative assessment of the possible methods of sensing nuclear 
fuel movements leads to the choice of gamma radiation detection and 
acceptance of its application to irradiated fuel only. A survey of possible 
gamma radiation sensors then leads to the selection of cadmium sulphide 
as a f irst choice with other subsidiary choices. 

The application of a gamma-radiation-based monitoring system is 
examined relative to the proposed specification: problems are identified 
and solutions proposed. 

Two systems of gamma monitoring are put forward, one based on 
measurements at each fuel a c c e s s to the reactor core, the other based on 
irradiated fuel discharge facilities and the refuelling machines. The 
advantages and disadvantages of each system are given. Both systems depend 
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upon the same basic detection device and the requirements-for this are also 
given. 

The fundamental monitoring unit suggested has been constructed and 
tested as a prototype. The satisfactory results obtained show that the idea 
is worthy of further development and could constitute an important factor 
in the more general procedures for fissile material control. 

Results obtained 

1. Of the available ways of sensing the presence of reactor fuel elements, 
that which depends on gamma radiation from fission products is preferred. 
2. A survey of available gamma radiation sensing devices has shown that 
in general the single-crystal cadmium sulphide cell is most suitable for 
monitoring irradiated fuel movements. 
3. The basic detection instrument may be used in two kinds of monitoring 
systems, the a c c e s s point a r ray system or the refuelling machine based 
system. 
4. The proposed logic design gives adequate protection against attempts 
to defeat it by variation at refuelling sequence. 
5. There are considerable engineering difficulties associated with the 
application of monitoring instrumentation to existing refuelling machines, 
as well as to a c c e s s points of r e a c t o r s . 

Conclusions 

Study proves the general technical feasibility of reactor refuelling rate 
monitoring systems and provides recommendations on the design features 
of such systems. 
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STUDIES INVOLVING REACTORS 

R E S E A R C H CONTRACT No. 206 

Title 

A study of bubble departure in forced convection boiling1 . 

Research institution 

Democritus Nuclear R e s e a r c h Center, Athens, Greece . 

Principal scientific investigator 

N. G.- Koumoutsos. 

Period of contract 

15 September 1963 - 29 December 1965. 

Scientific background and scope of project 

Extended investigations devoted to theoretical and experimental studies 
of boiling phenomena have been conducted over the past fifteen years . The 
study of boiling heat t ransfer has been an integral part of the development 
of nuclear reac tors and other equipment components where exceedingly high 
heat fluxes are encountered. 

A knowledge of the heat transfer coefficient in nucleate boiling is useful 
in predicting both the steady state performance and the transient response 
of the reac tor . Moreover, a knowledge of the cr i t ical or burn-out heat flux 
is essential in defining the upper limit of operation of the reactor . In addition 
to its importance in the area of boiling water r e a c t o r design, tne study of 
boiling is also significant to the safety of operation of non-boiling reactors.. 

A survey of the literature on boiling heat transfer indicates that whereas 
for pool boiling s e v e r a l p a r a m e t r i c studies have been reported, s i m i l a r 
studies on forced convection boiling a r e v e r y r a r e . The purpose of this 
investigation is to a r r i v e at a bubble departure c r i t e r i o n for the c a s e of 
forced convection nucleate boiling of water by analysing the f o r c e s acting 
on the bubble and comparing this with experimental findings f rom photo-
graphic m e a s u r e m e n t s . 

Experimental method 

Measurement of bubble departurè sizes for the case of forced convection 
nucleate boiling has been achieved by means of a high-speed motion picture 

i 
Original title: Forced Convection Heat Transfer and Burn-out in Boiling Heat Transfer. • 
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method. A water loop at a tmospheric p r e s s u r e containing a rec tangular 
t e s t section where bubbles a r e formed at distinct and isolated nucleation 
sites, using electrically heated surfaces, has been set up. Motion pictures 
w e r e taken through windows in the tes t section. A continuous flow pump 
was used to circulate the water, and flowmeters were provided to determine 

U ( c m / s ) 

FIG. 1. Comparison of theory and experiment. í £ i ü = 0. 015 s/cm, and n = 4 

the water velocity in the test section. Water flow in the main loop was varied 
by means of a by-pass circuit . Water velocities in the test section ranged 
between 5 and 35 c m / s . 

P i c t u r e s of bubble formations and departure behaviour were taken at 
speeds varying from 1000 to 8000 f r a m e s per second and the mean radius 
and contact angle at departure were measured in the film. 

Results obtained 

A theoretical approach to establish an equation relating the departure 
conditions (radius and contact angle) of the bubble to the mean velocity and 
the physical propërt ies (density-, viscosi ty , surface tension) of the liquid 
was made. F o r this purpose, an analysis of the equilibrium of forces acting 
on the bubble at the instant of departure included drag, buoyant, gravity and 
surface tension effects. Inertia forces were neglected and fluid properties 
were assumed to be constant. The derived theoretical equation relating the 
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above-mentioned parameters is 

ro \ go<^ J 

where r is the depar ture radius of the bubble under f o r c e d convection 
rQ is the depar ture radius of the bubble at pool boiling 
Pg is the density of the dry steam 
U is the mean s t r e a m velocity 
v is the viscosi ty of the water 
g 0 is the accelerat ion of gravity 
a is the surface tension 
and e and n a r e constants. 

A s e r i e s of measurements were made experimentally to establish the 
correlat ion between U and r / r 0 , and a theoret ical curve having n = 4 and 
(ep v/g CT) = 0. 015 s / c m fits the experimental results very well (see Fig. 1). 

Ü 0 

Conclusions 

When boiling occurs in forced convection, bubbles depart with consider-
ably smaller sizes than in pool boiling. The departure size decreases with 
increasing flow velocity. 

An analysis of the force equilibrium of a bubble at the instant of 
departure indicates that the drag force is normally considerably smal ler 
than the buoyancy and surface f o r c e s . As a result , the dependence of 
departure size on flow velocity cannot be explained by f o r c e equilibrium 
considerations alone. 

Visual studies of bubbles indicate that a little before departure à "neck" 
is formed joining the almost spherical bubble to the heating surface. This 
"neck" represents a small fraction of the bubble volume, whereas the main 
m a s s of the bubble deviates little from the spherical form. The thickness 
of this "neck" is determined by hydrodynamic stability considerations. An 
increase in flow velocity resul ts in a thinner "neck" with a resulting 
d e c r e a s e in resist ing surface force . 

F r o m an analysis of the hydrodynamic stability of the bubble-and-neck 
model the departure s ize to velocity relationship can be determined, and 
the theoretical equation derived by the authors with the experimental coef-
ficients they obtained contributes to the determination of a bubble departure 
cr i ter ion in the case of forced convection nucleate boiling. More exper i -
mental work has to be done to obtain enough results to check the equation. 
Moreover, since the experiments performed to date are with a single geometry 
and with constant fluid propert ies , more experimental work is n e c e s s a r y 
under different conditions to verify the validity of the present theory. 





RADIOISOTOPE APPLICATIONS IN AGRICULTURE 

R E S E A R C H CONTRACT No. 167 

Title 

The development of artificial mass breeding of the olive fly (Dacus oleae 
Gmel. ) and the leopard moth (Zeuzera pyrina L. ); part of a co-ordinated 
programme of insect control using radiation. 

Research institution 

The Volcani Institute of Agriculture, Rehovot, I s rael . 

Principal scientific investigator 

I. Moore . 

Period of contract 

27 December 1962 - 26 December 1965. 

I. OLIVE F L Y 

Scientific background and scope of project 

The olive fly, Dacus oleae Gmel . , is a monophagous pest developing 
in the flesh of the fruit and enzootic to all olive-growing countries around 
the Mediterranean, as well as some other a r e a s . 

Some aspects of the ecophysiology of the pest and its nutritional 
requirements for fecundity were elucidated by the investigator. In addition, 
media for rearing the larvae under aseptic conditions and an artificial ovi-
position substrate to r e p l a c e olives were devised. These developments 
focused interest on the possibility of controlling the insect by the s t e r i l e -
male technique and Agency support was awarded to extend and adapt this 
work to the needs of m a s s breeding of the flies. 

Experimental method 

A number of protein sources were tested for their adequacy for larval 
development. These foods included casein, yeast , egg yolk, alfalfa meal, 
soya (protein fraction) and peanut butter. The medium finally used consisted 
of peanut butter, brewer 1 s yeast , sucrose , agar , water, and various anti-
microbial agents. 

The antimicrobial agents tested were : 8-hydroxyquinoline sulphate 
with bile salts, dihydrostreptomycin, chloramphenicol succinate, aureomycin, 
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hexachlorophene, sapon viridis, hydrochloric acid (pH-4. 1), acet ic acid 
(pH-4. l) , methyl-p-hydroxybenzoate and propyl-p-hydroxybenzoate. 

Prefermentat ion of the medium with pure cultures of proteolytically 
act ive bacter ia as well as its supplementation with s ingle-species broths 
of these bacteria, were also tested. In these tests , the growth of extraneous 
contaminants was arrested by lowering the pH value to 4. 1. 

Results obtained 

Among the protein sources tested, peanut butter proved to be the most 
satisfactory. Adults were obtained whenever extraneous micro-organisms 
could be prevented from growing by the antimicrobial agents without making 
the medium1 s reaction definitely acid. The best results were obtained with 
dihydrostreptomycin, combined with methyl-p-hydroxybenzoate at a pH value 
between 6 and 7. Bacter ia l proteolysis or the additional of bacterial broths 
gave negative results , possibly because of toxic compounds produced by the 
bacteria and/or an imbalance of nutrients. With unhydrolyzed protein (peanut 
butter) and the lowering the pH value to about 4, no pupation was recorded. 
This was taken to signify the p r e s e n c e in the gut lumen of a t rypsin-l ike 
enzyme which is inactivated by a definitely acid reac t ion . 

II. LEOPARD MOTH 

Scientific background and scope of project 

The leopard moth, Zeuzera pyrina, is a wood borer and one of the most 
important pests of the olive, the apple and the pear ; whereas some other 
pests may destroy a crop, the leopard moth ultimately destroys the t ree . 

Comparatively little work has been done on the biology of wood borers . 
This is because in nature these insects have a protracted development. In 
cool climates the leopard moth takes up to three years to raise a generation; 
in a warm climate, this falls to one year . 

The restricted geographical distribution of the pest, its low flight range 
and its monogamy make it, theoretically, amenable to biological control 
by the steri le-male technique. However, the application of this technique 
requires the development of an art if icial medium on which the pest could 
be produced in a relatively short generation-time, continually and in large 
numbers . Agency support was awarded to explore the possibility of 
developing such a medium. 

Experimental method 

It was suspected that the lengthy development of the la rvae in nature 
might be due to the low nutritional value of wood. Therefore, the approach 
used in the preliminary experiments was to combine in the larval diet most 
of the metabolites known to be required by i n s e c t s . Finally a basal diet 
and a variant were adopted. The b a s a l diet included: full-fat soy meal , 
sucrose, brewer ' s yeast , agar, methyl-p-hydroxybenzoic acid, acetic acid, 
and water. All larvae were grown individually on this basal diet for 6 weeks 
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and then transferred to the variant which, in addition to the above ingredient^ 
also contained a p e a r - b a r k e x t r a c t (replaced by an apple-bark e x t r a c t in 
one test ) . 

Carbohydrases and proteinases were found in the larval mid-gut and 
the lat ter enzyme also o c c u r r e d in the oral discharge of the l a r v a e . 

Results obtained 

Five successive generations were raised in the matter described. The 
p e a r - b a r k f i l t rate which appeared to be n e c e s s a r y for ferti l i ty could be 
replaced by an apple-bark filtrate. On these media, the development cycle 
was much shor ter than in nature — four months instead of one y e a r . The 
la rvae were shown to p o s s e s s invertase , mal tase , and t r e h a l a s e as well 
as a t rypsin- l ike enzyme. The la t te r enzyme was also found in the o r a l 
discharge of the l a r v a e . 

The media used contained a much m o r e abundant and better balanced 
protein than is present in wood. F r o m the l a r v a e ' s rapid growth on this 
protein it was concluded that their lengthy development in nature probably 
stems from a need to consume hugh quantities of wood in order to obtain the 
proper amounts and quality of amino-acids required for growth. 

Several bionomics which came to light in the course of this work, a re 
also described. 

Papers published on work done under the contract 

MOORE, I . , NAVON, A ., The rearing and some bionomics of the leopard moth, Zeuzera pyrina'L., on an 

artificial medium, Entomophaga (1966, in press ). 
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RESEARCH CONTRACT No. 2 98 

Title 

Determination of population dynamics of the Mediterranean fruit fly 
under various conditions in Tunisia by means of radioisotopes; part of a 
co-ordinated p r o g r a m m e of insect control using radiation. 

Research institution 

Labora tory of Entomology, Tunisian National Institute of Agronomic 
R e s e a r c h , Ariana, Tunisia. 

Principal scientific investigator 

F . Soria . 

Period of contract 

27 December 1962 - 26 December 1965. 

Scientific background and scope of project 

In Tunisia the Mediterranean fruit fly is a major fruit pest. Geographical 
conditions in that country are favourable to the control of this insect by the 
s ter i le-male technique since well-isolated fruit-growing areas exist. How-
ever, a further prerequisite for the application of this technique is a sound 
and detailed knowledge of the insect 's ecology in each a r e a concerned. 

Agency support was awarded for a study of the population dynamics of 
the Mediterranean fruit fly in the north-eastern coastal plain of Tunisia. This 
a r e a was chosen because of its isolation and its adequacy for future bio-
physical control t r i a l s on a large s c a l e . 

Experimental methods 

Population studies were carried out with males only; these were marked 
with 3 2 P mixed into the adult food. The population density was appraised 
each month using the release-recapture method as well as baiting and infes-
tation assessments . 

Short- and long-range dispersals were determined by luring the marked 
flies left over from the population studies into traps containing medlure and 
located at various distances outside the a r e a of release . 

Irradiation experiments were carried out with a medical X - r a y machine. 
The doses applied were 8240 - 8900 R on 8 - d a y - o l d pupae which had been 
kept at 25°C. The voltage of this apparatus drifted and the radiation output 
dropped so that the irradiation time had to be increased. Sterility was tested 
by cross-mating trials and varying overflooding ratios. 

F ie ld r e l e a s e s of i r radia ted flies w e r e also c a r r i e d out, the resul t s 
being appraised by infestation checks . 
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Results obtained 

Populations a re normally small in winter and spring, of the o r d e r of 
100 males per hectare and often much less . However, exceptions are possible: 
a prolonged hot and humid autumn in 1965 resulted in maintaining a distinctly 
higher population level so that in February 1966 the density was about 300 
males per hectare. The principal hosts during that period are Seville oranges 
which are rarely harvested. 

In June or July (depending on the severity of the previous winter), the 
population r i s e s steeply and within one generation i n c r e a s e s from 100 to 
several 1000 per hectare. The hosts are then medlars, Lycium and apricots. 
The population further increases due to infestation of figs, peaches, plums, 
pears , apples, Aberia caffra and prickly pears . 

Thereafter, the population decreases in the deciduous orchards but this 
decline is slower in i r r igated groves where c i t rus fruit a re predominant. 
As r e g a r d s the latter , oranges generally do not permit the development of 
a generation while infestation in Clementines depends on the climate. Seville 
oranges are the hosts which permit the population to overwinter and act as 
a bridgehead for future seasonal infestation. 

Epidemiological curves obtained by trapping wild adults concur with the 
trends described above. 

Labelled flies d isperse rapidly after r e l e a s e . Those trapped 100 to 
150 m e t r e s outside the release orchard represent a fairly constant 3 - 5% of 
the adults not recaptured within the area of re lease . At 300 to 500 metres , 
recapture is small and represents no more than 0.3% of the flies left over 
from the population es t imates . 

As regards long-range dispersal , no flies were recaptured within the 
t raps located 1 - 7 km outside the a r e a of r e l e a s e . 

The bio-assays with flies irradiated at the doses previously mentioned 
showed that t reated females do not lay eggs although they have not lost the 
oviposition reflex, while the treated males a re permanently s ter i le . 

The various overflooding ratios used gave the following percentages of 
hatch: 

2/1 : 34.0 - 52.0% 
16/1 : 13.8 - 16.5% 
30/1 : 3 .0 - 11.6% 

Conclusions 

In Tunisia conditions a re favourable to the application of the s t e r i l e -
male control technique. During January - April, the adult population is very 
low so that relatively few s ter i le flies would be required. Nevertheless , 
also cultural methods of control will have to be used. Seville oranges should 
be harvested green, Lycium and Aberia should be cut back severe ly and 
prickly p e a r s neighbouring c i t rus fruit t r e e s should be uprooted. 

On the basis of d ispersa l studies, it is thought, tentatively, that the 
distance between release points should not exceed 3 0 0 - 400 metres in winter, 
and 500 - 600 m e t r e s in s u m m e r . The population decline in autumn should 
be followed carefully by consecutive es t imates . Since in winter adults 
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become increasingly r a r e , the last positive population assessment should 
be the basis for calculating the number of sterile individuals to be released. 

Selection for vigour and competitiveness should be car r ied out and the 
power of dispersal studied further. 

Experiments should be undertaken again with more reliable equipment 
and with var ious i r radia t ion doses to determine the i r radia t ion e f f e c t s . 

Papers published on work done under the contract 

SORIA, F., « Etude des populations et de dispersion de Ceratitis capitata Wied. (Dipt. Trypetidae) en Tunisie 

i l'aide des radioisotopes» (Radioisotope investigation of Ceratitis capitata Wied (Dipt. Trypetidae) population 

and distribution in Tunisia), Radiation and Radioisotopes Applied to Insects of Agricultural Importance, IAEA, 

Vienna (1963) 357-63. 

SORIA, F., Perspectives de lutte biophysique contre Ceratitis capitata Wied. en Tunisie (Prospects for biophysical 

campaign in Tunisia against the Ceratitis capitata (Wied,), IN RAT Doc. Techn. No. 8 (1965) 1-9; Paper presented 

at the Réunion du Comité des Agrumes de la Zone Franc (C. A. Z. F. ), Tunis, February 1965. 

SORIA, F., Les méthodes d'enquête en écologie de la cératite (Methods for investigation of ceratitis ecology ), 

INRAT Doc. Techn. No. 10 (1965) 1-11; Paper presented at the Réunion du Comité des Agrumes de la Zone 

Franc (C. A. Z. F. ), Tangier, June 1965. 

SORIA, F., KECHAOU, M . , Amélioration des techniques d'élevage, de marquage et d'étude de populations de 

la mouche méditerranéenne des fruits en Tunisie (Improvement of breeding and tagging techniques and study of 

Mediterranean fruit fly populations in Tunisia), Paper presented at the Panel on Advances in Insect Population 

Control by the Sterile-Male Technique, copies available from INRAT; see also IAEA Technical Reports Series 

No. 44, IAEA, Vienna (1965) 17-20, 25-26. 
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RESEARCH CONTRACT No. 186 

Title 

A cytological study of the effects of radiation on the development of the 
reproductive organs of two species of fruit flies, Da cus oleae and Ceratitis 
capitata; part of a co-ordinated programme of insect control using radiation. 

Research institution 

Laboratory of Agricultural Entomology, University of Florence, Florence, 
Italy. 

Principal scientific investigator 

B. Baccetti . 

Period of contract 

20 December 1962 - 19 December 1965. 

Scientific background and scope of project 

The Mediterranean fruit fly and the olive fly a r e m a j o r a g r i c u l t u r a l 
pests in many countries. Both are amenable to control by the s ter i le -male 
technique, and the radiation dosages required for the application of this 
method have been determined at the organism level. However, a study of 
the effects of ionizing radiations on the germinal cells of these insects with 
a view to determine at the cellular level the radiation dosages required to 
produce lethal mutants, had yet to be c a r r i e d out. Agency support was 
awarded for a study of the submicroscopic s t r u c t u r e s of the spermatozoa 
and the ovarioles of the Mediterranean fruit fly and the olive fly. These 
structures were to be described in normal individuals as well as those 
irradiated in the pupal stage; as regards the male gonad, this represented 
an entirely new venture. 

Experimental method 

F l i e s were irradiated with 1 to 30 kR at different periods of the pupal 
stage. The male and female reproductive organs of both normal and irradi-
ated individuals were submitted to cytological andultramicroscopic techniques. 

Results obtained 

Male gonads 

Spermatids were found to be s imilar in Dacus oleae and Cerat i t i s 
capitata. In both species they are organized in syncytial bundles containing 
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a fixed number of 256 elements. Likewise, spermatozoa are similar in both 
species and have the same ultrastructure of the flagellar axial filament, of 
which a detailed description is given. 

In both the olive fly and Mediterranean fruit fly the volume of the testes 
d e c r e a s e s the more the ear l ie r the pupa has been irradiated. The reason 
for this is that in the young pupa the gonads contain mitotic spermatocytes 
which a r e the stages most sensitive to irradiation. This treatment brings 
about their degeneration, after which they are phagocytosed by the cyst cells. 
Unlike the spermatogones and the s p e r m a t o c y t e s , the spermatids escape 
eventually producing spermatozoa . These function normally in so f a r as 
they penetrate the eggs — subsequently inhibiting the 'penetration' of other 
spermatozoa; however, no embryos mature. These effects can be obtained 
in both species with doses of 5 - 8 kR and the most appropriate timing is when 
the spermatids a re most abundant. However, the efficiency of irradiation 
d e c r e a s e s when the number of mature spermatozoa is too high. 

F e m a l e gonads 

In both species, individuals irradiated with 2 to 30 kR in the pupal stage 
have extremely small о varioles, the cells of which a r e blocked at the oogonial 
stage. A strikingfeature is the formation of a s troma of enormously thickened 
collagen fibrillae around individual ovarioles. 

The alterations of the cellular elements within the oogonia are described 
in detail. 

It was found that the optimum doses for mutagenic effects in the male, 
when applied to females completely inhibit oviposition. 

Conclusions 

The objectives of the project were achieved and an original contribution 
made to the knowledge of the ul t ras t ructure of the gonads, particularly in 
the male. 

Papers published on work done under the contract 

BACCETTI, B.. Osservazioni preliminari sull'ultrastruttura dei testicoli in alcuni ditteri (Preliminary 

observations on the ultrastructure of the testes in some dipterous insects). Atti del IV Congresso Italiano di 

Microscopía Elettronica, Padova, 25-26 November 1963, p. 28. 

BACCETTI, B. , Indagini ultramicroscopiche sul problema délia constituzione delle tuniche peritoneali ovariche 

e dell'esistenza negli insetti di fibre muscolari liscie (Ultramicroscope studies of the constitution of the peritoneal 

coats of the ovary and the existence of smooth muscle fibers in insects), Redia 48 (1963) 1. 

BACCETTI, B. , "Olive fly. Laboratory studies. Italy", in (LABRECQUE, G. C. , KELLER, J. C. , Eds), Advances 

in Insect Population Control by the Sterile Male Technique, Technical Reports Series No. 44, IAEA, Vienna 

(1965) 8-11. 

BACCETTI, В., BAIRATI, A . , Jr., Indagini comparative sull'ultrastruttura delle cellule germinali maschili 

in Dacus oleae GmeL ed in Drosophila melanogaster Meig. ( Ins. Diptera) (Comparative investigations on the 

ultrastructure of male germ cells in Dacus oleae Gmel. and in Drosophila melanogaster Meig. (Ins. Diptera) ), 

Redia 49 (1964) 1. 

8 0 



BACCETTI, В., De DOMINIOS, R. , "The effects of gamma radiation on the ovaries of Dacus oleae G m e l , " 

Radiation and Radioisotopes Applied to Insects of Agricultural Importance, IAEA, Vienna (1963) 387-412. 

BAIRATI, A . , Jr., BACCETTI, В., Indagini comparative suirultrastruttura delle cellule germinali maschili 

in Dacus Oleae GmeL ed in Drosophila Melanogaster Meig- (Ins. Diptera). II. Nuovi reperti ultrastrutturali 

sul filamento assile degli spermatozoi (Comparative investigations on the ultrastructure of male germ cells 

in Dacus Oleae Gmel. and in Drosophila Melanogaster Meig. (Ins. Dipteral II. New findings on the ultra-

structure of the axial filaments of spermatozoa), Redia 49 (1965) 81. 
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RESEARCH CONTRACT No. 186 

Title 

Study of the movement and absorption of ions by soil systems; part of 
a co-ordinated programme on plant nutritient supply and movement in soil 
s y s t e m s . 

Research institution 

Université catholique de Louvain, Institut agronomique, Louvain, 
Belgium. 

Principal scientific investigator 

H. Laudelout. 

Period of contract 

20 December 1962 - 19 December 1965 . 

Scientific background and scope of project 

Uptake of nutrients by plants is influenced by the concentration of the 
ions and by the ratios of the different ions in the soil solution. And, since 
soil is a dynamic system, mobilities of the ions must be known in order to 
calculate the r a t e s at which ionic concentrations at root or soil interfaces 
are depleted. Determinations of the concentrations of different ions in soil 
solutions and of the r a t e s at which exchange p r o c e s s e s occur in soils will 
aid in the development of better methods for evaluating the nutrient status of 
soils and the effectiveness of different ferti l izers . 

The work under this contract involved: 
(a) Studies of the exchange properties of H ions for monovalent Na and 

NH4 ions; 
(b) NH4 and Ca exchange in soils; 
(c) The use of e lec t r ica l conductivity to estimate the tortuosity factor 

in clay gels, and 
(d) The effect of flow rate and P concentration of the nutrient solution 

on P uptake by r i c e plants. 

Experimental methods 

In the studies of exchange properties of H clays, a salt -free H clay (1%) 
suspension was equilibrated against mixed solutions of NaCl and HC1 at 
constant final normality (0.04 M) but with varying Na/H ratios. After a 1-week 
equilibration at 5°C, the clay suspension and dialysate were analysed for Na, 
H, and Al ions. Similar experiments were conducted using NH4C1 in place 
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of NaCl, and using Na-clay o r NH 4-clay in place of H - c l a y . Heats of e x -
change were determined in a low-temperature (2°C) Calvit microcalorimeter. 

In the electrical conductivity studies, the clays were brought into contact 
with a ÎJ NaCl solution which was renewed several times until the clays were 
Na saturated. The clay was then washed with water until a fine fraction could 
be separated. This fraction was again washed with N NaCl and repeptized 
with distilled water until completely free of salt. The clay finer than 0.2 ц т 
was extracted by centrifuging. Ca-clays were prepared by treating a portion 
of this last fraction with CaCl 2 and washing with distilled water until f ree 
of salts . A suspension of the Na- or Ca-c lay containing about 20 g of clay 
material per litre was added to a solution of NaCl or CaCl2 of known concen-
tration from 0 to 2 M. The liquid was expelled by centrifuging followed by a 
pressure membrane technique. Electrical conductivity at a known, controlled 
tempera ture was determined with a W a g n e r - K e r r bridge using lucite 
conductivity cel ls with cavi t ies 2 0 m m X 7 m m X 5 m m in s ize . . 

Rice seeds were germinated on cheesecloth in a 0.01 M C a S 0 4 solution. 
After 15 to 20 days, 5 r ice plants were placed in holes in a cork stopper and 
then placed on top of a culture v e s s e l through which an aerated nutrient 
culture flowed at different, controlled rates . The plants were then grown in 
a light chamber and the effects of variations in P contents and flow rates of 
the nutrient culture were studied. Changes in P concentration of the nutrient 
solution after passing through the culture v e s s e l were determined c o l o r i -
metr ical ly o r by measuring the decrease in 3 2 P. 

Results obtained 

In the thermodynamic and thermochemical studies of the exchange r e -
actions between H ions and Na o r NH4 ions in a montmorillonite clay, it was 
shown by calculations of the free energy of exchange that substitution of Na 
by H is an exergonic p r o c e s s while the reverse is true for the substitution 
of NH4 by H. Direct calorimetric measurements of heats of exchange showed 
the exchange of Na by H to be an exothermic process and that the reverse is 
true for substitution of NH4 by H. The data indicates that the affinity of the 
hydronium ion for the clay surface is closer to that for Na than for NH4. In 
studies of NH 4-Ca exchange in clays, a study of thermodynamic e x c e s s 
functions showed that the ease of substitution of a given cation by another is 
related to the ratio of their crystallographic volumes and not their solvated 
volume. 

E l e c t r i c a l conductivity measurements were found to provide the easiest 
way to obtain a reliable estimate of the tortuosity o r labyrinth factor of clay 
gels . Using values of this factor calculated from the limiting value of the 
conductivity of clay gels, the axial ratios of the par t i c les were estimated 
for 4 clay types (2 montmorillonites and 2 kaolinites). Axial rat ios were 
independently determined by viscosi ty m e a s u r e m e n t s for the montmori l -
lonites and by a combination of specific surface and electron microphoto-
graph measurements on the kaolinites. The agreement was very good indi-
cating that the tortuosity of c lay pastes o r soils may be est imated fairly 
easily by e lec t r i ca l conductivity extrapolated to infinite salt concentration. 

The rate of P uptake by r i c e plants from very dilute solutions was 
dependent on the linear velocity of the solution flowing past the root surfaces. 
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Conclusions 

E l e c t r i c a l conductivity provides a simple, quantitative method for 
measuring tortuosity of a colloidal medium. 

The fact that P uptake from very dilute solutions is dependent on the 
linear velocity of the solution flowing past the root surface may indicate that 
film diffusion is the rate determining process . 

Papers published on work done under the contract 

CREMERS, A . , LAUDELOUT, H . , Effet de la température sur la conductivité électrique des gels argileux 

(Effect of temperature on the electric conductivity tof clay gels), С. r. Acad. Sci . , Paris 259 (1964) 1975-77. 

CREMERS, A . , LAUDELOUT, H . , Conductivité électrique des gels argileux et anisométrie de leurs éléments 

(Electric conductivity of clay gels and anisometry of their elements), J. Chim. phys. 62 (1965) 1155-62. 

CREMERS, A . , LAUDELOUT, H . , On the isoconductivity value of clay gels, Soil Sci. 100 (1965) 298-99. 

CREMERS, A . , LAUDELOUT,. H . , "Surface mobilities oi cations in clays", Proc. Soil Sci. Soc. Amer. (1966, 

in press). 

CREMERS, A . , van LOON, J . , LAUDELOUT, H . , "Geometry effects for specific electrical conductance in 

clays and soils", Proc. 14th natn. Conf. Clays and Clay Minerals, Berkeley, Ca l i f . , Pergamon Press (1966). 

GILBERT, M . , LAUDELOUT, H . , Exchange properties of hydrogen ions in clays. Soil Sci. 100 (1965) 157-62. 

LAUDELOUT, H . , "A unified treatment of two ion exchange formulations commonly used in soil science", 

Plant Nutrient Supply and Movement, Technical Reports Series No. 48, IAEA, Vienna (1965) 20-24. 

LAUDELOUT, H . , Calorimetric determination of ion selectivity in clay mineral, Soil Sci. 100 (1965) 218-19. 

LAUDELOUT, H . , CREMERS, A . , "Tortuosity effects in clay gels". Plant Nutrient Supply and Movement, 

Technical Reports Series No. 48, IAEA, Vienna (1965) 90-94. 

MARTIN, H. , LAUDELOUT, H. , Thermodynamique de l 'échange des cations alcalins dans les argiles ( Thermo-

dynamics of alkaline cation exchange in clays), J. Chim. phys. 76 (1363) 1086-99 . 

Van BLADEL, R . , LAUDELOUT, H . , Les chaleurs de neutralisation des argiles-H par les hydroxydes alcalino-

terreux (Heats of neutralization of H-clays by alkaline-earth hydroxides), Silic. ind. ^0 (1966) 207-10. . 

Van BLADEL, R . , LAUDELOUT, H . , Apparent irreversibility of ion exchange reactions in clay suspensions. 

Soil Sci. (1966, in press). 

Van BLADEL, R . , LAUDELOUT, H . , Etude microcalorimétrique de la cinétique de l 'échange ionique dans 

les suspensions d'argile (Microcalorimetric study of the kinetics of ion exchange in clay suspensions). Colloque 

international de microcalorimétrie С. N. R. S. (Marseille), August 1965, Publications C. N. R. S. Paris (1966 or 

1967). 

Van HAI, T., LAUDELOUT, H . , Phosphate uptake by intact rice plants by the continuous flow method at low 

phosphate concentrations, Soil Sci. 101 5 (1966) 408-17. 

Van HAI, T . , LAUDELOUT, H. L'absorption des phosphates par le riz (Absorption of phosphates by r ice) , 

Agricultura (1964). 

Van HAI, T . , LAUDELOUT, H . , L'absorption des phosphates par les racines de riz (Absorption of phosphates 

by rice roots), Physiologie végétale (1966). 
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RESEARCH CONTRACT No. 186 

Title 

Adsorption kinetics — use of isotopes in studying the r a t e controlling 
p r o c e s s of exchange; part of a co-ordinated p r o g r a m m e on plant nutrient 
supply and movement in soil sys tems . 

Research institution 

Institute for Pédologie and Agrochemical Research, Hungarian Academy 
of Sciences, Budapest, Hungary. 

Principal scientific investigator 

I. Szabolcs. 

Period of contract 

20 December 1962 - 19 December 1965. 

Scientific background and scope of project 

When precise determination can be made of the quantity of ions in soil 
solution, the adsorption complex, interlat t ice position, and the r a t e with 
which the exchange processes occur, it will be possible to develop reasonable 
bases for the evaluation of the nutrient status of soils. Studies on the kinetics 
of ion exchange offer wide possibilities for the application of isotopes. F o r 
the evaluation and interpretation of parameters of exchange equations isotopes 
such as those of K, Ca, Mg, Mn, Na, P, S and other cations and anions have 
been successfully used. 

Alkali soils form a special problem in the growing of crops in many of 
the arid and s e m i - a r i d lands. In the formation and behaviour under culti-
vation of alkali soils a very important role is played by the colloid-chemical 
p r o c e s s e s , and especially by Na-ions present in the soil solution. There 
is relat ively little information in the l i te ra ture on the effect oí different 
anions on the adsorption and exchange of sodium on colloidal materials . In 
the study reported here, emphasis was placed on the reactions with specially 
prepared colloidal m a t e r i a l s of different concentrations of the chlorides, 
sulphates and carbonates of labelled sodium and calcium. 

Experimental method 

Preliminary studies were concerned with characterization and selection 
of model substances with which to study r a t e controlling p r o c e s s e s of 
exchange, part icularly under alkaline conditions. A sample of Bentonite 
and a Chernozem soil were selected as the adsórbante. NaCl with the sodium 
labelled was used to determine the t ime n e c e s s a r y for the ions to r e a c h 
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pha se - equilibrium in a Bentonite-water or so i l -water medium. P h a s e -
equilibrium studies with Bentonite were also performed using labelled 
calcium and sodium at various concentrations and ionic strengths. Ionic 
equilibration investigations were conducted on Bentonite and a Chernozem 
soil using labelled sodium salt solutions of different concentrations. Colloid 
properties of Bentonite, such as swelling, thixotropic setting and zeta 
potential were observed. Bentonite-Na2C0 3 systems were used. 

Results obtained 

Phase equilibrium studies seemed to show that the adsorption process 
could be divided into three steps, cation exchange, isotope exchange and 
what was called rearrangement of adsorbed ions on the surface. Data suggested 
that phase equilibrium occurs in about two hours. 

F r o m Bentonite-sodium salt data selectivity coefficients were calculated 
using Vanselow1 s equation. The coefficients were found to be nearly the 
same for NaCl and Na2SC>4 salts . In Bentonite-NaCl systems selectivity 
coefficients were essentially constant until the exchangeable sodium mole 
fract ion passed 0. 5, at which point the select ivity coefficient i n c r e a s e d . 

In КагСоз systems Bentonite showed considerable swelling. Thixotropic 
setting time decreased, then increased with increasing sodium concentration. 

Conclusions 

It was concluded that in isotopic exchange equilibrium is reached in 
about 2 hours. It was also deduced that activity coefficients of ions adsorbed 
on the s u r f a c e of s y s t e m s which swell in an alkaline medium differ f rom 
those containing neutral Na salts. The conclusion was made that adsorptive 
capacity of a Bentonite clay increased in alkaline medium. 
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RESEARCH CONTRACT No. 186 

Title 

Investigation of phosphorus fertilization problems of Greek soils by use 
of 3 2P-labelled materials . 

Research institution 

Laboratory of Soil Science, Agricultural and F o r e s t Production, Greek 
Atomic Energy Commission, Athens, Greece. 

Principal scientific investigator 

N . J . Yassoglou. 

Period of contract 

20 December 1962 - 19 November 1965. 

Scientific background and scope of project 

Accurate basic information concerning the fertility, productivity and 
proper management of the Greek soils was and is still partially lacking. To 
increase crop production soil fertilization and soil management should be 
based on the information gained through applied r e s e a r c h . 

The composition and moisture levels of the majority of Greek soils are 
such that their phosphorus availability to plants is low. A significant portion 
of the applied fer t i l izer phosphorus r e a c t s with the soil constituents and 
becomes immobilized (fixed). Thus phosphorus fertilization is an important 
problem for agriculture in Greece. 

The r e s e a r c h work done under the contract was aimed at investigating 
some aspects of the availability of the soil phosphorus using radioisotope 
techniques in o r d e r to find out the r e a s o n s for the lack of yield response 
to phosphorus fertilization that was repeatedly observed by Greek agronomists. 
In addition there was the aim of establishing a reliable technique for predicting 
the probability of crop response to phosphorus fertilization. 

Experimental method 

A field, greenhouse and laboratory study was initiated using the A-value 
technique and various chemical extract ing methods for determining the 
available phosphorus content of 15 representat ive Greek soils varying in 
physical and c h e m i c a l p r o p e r t i e s . The ext rac t ing solutions used in this 
study were those of B r a y and Kurtz, Saunder, Bingham, Olsen, Troug, 
Dirks and Scheffer. Cotton and maize were used as indicator plants in 
determining the A-value in both pot and field experiments. 
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Results obtained 

On most of the soils tested neither maize nor cotton showed response 
to phosphorus fertilization. 

The resul ts of the field experiments show a marked deviation in the 
A-values of the replicate plots. It was not possible to obtain reproducible 
results in the field in spite of the small size of the plots and the great efforts 
made to mix the tagged phosphate thoroughly with the soil. 

The results show that the effect of the application of fer t i l izers on the 
A-value depends on the crop and v a r i e s with the soil condition. The data 
show that Troug, Bray-Kurtz and Olsen soil phosphorus extraction methods 
give results which are best correlated with field A-values determined under 
the variety of experimental conditions which were used in this investigation. 
Owing to the smal ler soil volume which is exploited by the plants, the 
greenhouse A-values were significantly smal ler than those obtained from 
field experiments . 

The greenhouse and field A-values showed no significant correlat ion. 
This could be explained by the fact that the physical and biological properties 
of the soil in the field are quite different from those in the greenhouse. 

Conclusions 

The resul ts of this investigation indicate that significant amounts of 
available phosphorus have been accumulated in most of the soils studied. 
This accumulation seems to be the main reason for the lack of response of 
maize and cotton to phosphorus fertilization. 

This investigation confirms that the isotopic dilution principle (A-value) 
could successfully be used to determine the available soil phosphorus and 
to predict response probability provided that proper calibrations a re made 
for the experimental conditions and the major soil types. Valuable 
information on the phosphorus status of Greek soils could be obtained through 
checking the A-values against fertilization response data and against the 
amounts of soil phosphorus ex t rac ted according to the methods of Troug, 
B r a y - K u r t z and Olsen. 
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RESEARCH CONTRACT No. 186 

Title 

Influence of s tock-sc ion relationships on phosphorus t ransport in the 
vine. 

Research institution 

Instituto Nacional de Investigaciones Agronómicas , L a b o r a t o r i o de 
Radioisótopos, Madrid, Spain. 

Principal scientific investigator 

L . Mellado. 

Period of contract 

20 D e c e m b e r 1962 - 19 December 1965. 

Scientific background and scope of project 

Vine grafting of grapes has been regarded as a necessary measure only 
for protecting the plant against phylloxera disease, using disease resistant 
roots . However, evidence indicated that grafting produced other desirable 
results . F o r example, it induces earlier fruiting and increases the quantity 
and quality of the crop. So grafting may be desirable even where there is no 
danger from phylloxera. 

This study was conducted to obtain more knowledge of the scion-stock 
relationship especially with r e s p e c t to absorption of 3 2 P by roots and the 
upward and downward translocation of P a c r o s s the graft . 

Experimental method 

Different stock-scion combinations were planted and grafted. A 100 days 
after grafting, the roots w e r e cut and the lower part of the stalk with the 
roots was immersed for periods up to 24 hours in an aerated solution of pH 4 
containing 10~3 M orthophosphate labelled with 3 2 P. Whole plants were used 
as controls. After the absorption period, the roots were removed and dried 
and the 3 2P content determined. 

Results obtained 

In ungrafted plants, accumulation of P in the stem through the roots 
varied from plant to plant, but the distribution pattern of P in the plants was 
similar for all plants. 

The accumulation of P in grafted plants after 24 hours of uptake through 
the roots was much g r e a t e r , both in the rootstock and the scion, than in 
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corresponding ungrafted plants. The graft region did not present any ob-
stacle to upward t ranspor t . 

The scion produced in the rootstock physiological changes that w e r e 
manifest in an increased P accumulation. These changes continued to be 
manifest in the roots in exactly the same way even after the scion and the 
graft region had been removed. The ra tes of metabolic absorption of P by 
roots cut from a rootstock varied according to the scion with which the root-
stock had been grafted during the 100-day period. These metabolic rates of 
P uptake determined in successive years for a given scion/stock combination 
were in good agreement. 

The rates of metabolic uptake of P by roots were highly correlated with 
grape production for the same stock/scion combination. Only 5 of 39 such 
comparisons did not show the relationship. 

Conclusions 

The rate of metabolic uptake of P may be used as an indication of the 
grape production that may be expected from a given stock/scion combination. 
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RESEARCH CONTRACT No. 186 

Title 

The determination of t r a c e components of soils by neutron activation 
analysis ; part of a co-ordinated p r o g r a m m e on plant nutrient supply and 
movement in soil s y s t e m s . 

Research institution 

Institute Badan Jadrowych, Warsaw, Poland. 

Principal scientific investigator 

J . Minczewski. 

Period of contract 

27 December 1962 - 30 June 1966. 

Scientific background and scope of project 

Knowledge of the behaviour of the micronutrients such as Zn, Mn, Co, 
etc . in soils is of paramount importance for agriculturalists, health physi-
c i s t s and waste disposal experts . However, the study of these elements in 
soils has been hampered by the lack of suitable methods for their determi-
nation. Since the concentration of many elements in soils and soil extracts 
is often e x t r e m e l y low, c l a s s i c a l methods of analysis for these elements 
fail because their sensitivity is too low. Neutron activation analysis offers 
possibilities for quantitative analyses of these elements because of the high 
sensitivity of this method. 

This study was conducted to develop preliminary methods for neutron 
activation analyses to determine these elements in soil extracts and to obtain 
preliminary data using this method on some different soils. 

Experimental method 

Standard solutions of the various elements were prepared by dissolving 
Specpure o r A. R. Grade reagents in distilled w a t e r . Soil solutions were 
obtained by adding water to a i r -dr ied soils until a "glistening surface was 
obtained", allowing the mixture to stand for 1 hour, and then centrifuging. 
Standards and samples were evaporatedto dryness in quartz ampoules, sealed 
and irradiated. Two positions in the reactor were used, (a) thermal column 
with a neutron flux of about 1 X 10 1 2 n / c m 2 sec, and (b) reac tor c o r e with a 
neutron flux of about 1 X 10 1 3 n / c m 2 sec . Elements were separated by pre-
cipitation and ion-exchange techniques then estimated by beta and g a m m a 
counting. 
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T A B L E I. PRECISION OF THE METHODS D E V E L O P E D F O R D I F F E R E N T E L E M E N T S IN SOIL SOLUTIONS 
(4 OR 5 DETERMINATIONS P E R SAMPLE) 

Element Method 

Lower l imi t 

of 

determination 

(MgAnl) 

Number 

of 

samples 

Range of mean values 

(Mg/ml) 

Average 

standard 

deviation 

Average 

coefficient 

of 

variation 

Na Direct у spectrometry 0. 001 4 18 - 64 2 . 4 8. 5 

P Precipitate of 10 molybdophosphate, 6 counting 0. 001 - 0. 5 à 
3 1. 9 - 3. 0 0 .19 8 .4 

CI Precipitate as AgCl, у spectrometry 10 3 15 - 133 3. 6 6 .3 

К Ion-exchange separation, у spectrometry 0 .1 4 5 - 12 0 .48 5. 1 

Ca Precipitate as Ca oxalate, 6 counting 0 .1 2 49 - 241 6. 2 4 . 4 

Mn (a) Direct у spectrometry 0. 005 2 2 .4 - 6 .3 0.23 6 .5 

Mn (b) Precipitate wUh Fe(OH)3, у spectrometry 2 0. 06 - 2 .4 0. 06 8 .2 

Mn (c) Ion-exchange separation, у spectrometry 2 0. 06 - 2 . 4 0. 06 8. 8 

Fe Ion-eXchange separation, у spectrometry 0. 5 2 0 . 4 - 1 . 1 0 .15 26.4 

Co Ion-exchange separation, у spectrometry 0. 001 2 0. 002 - 0. 031 0. 003 15. 2 

Cu (a) Ion-exchange separation, у spectrometry 0. 001 4 0. 073 - 0. 19 0. 008 7 .6 

Cu (b) Acetylacetone extraction, у spectrometry 2 0. 014 - 0. 039 0.003 15. 6 

Zn Ion-exchange separation, у spectrometry 0.01 4 0. 24 - 3. 22 0. 055 6 .0 

Mo Ethylether and acetylacetone extraction, 

у spectrometry 0. 005 3 0. 007 - 0. 033 0. 0024 14.4 

S and C I 
Dependent on — 



T A B L E II. E L E M E N T CONTENT OF SOME W A T E R E X T R A C T S 
F R O M D I F F E R E N T SOILS 

Soil 

Black earth Grey brown Acid brown Brown loess 

Element proper (sandy) 

(PH 7. 7 ) (pH 5. 8) (pH 5. 5) (pH 4. 6) 

Element content ( j jgAnl) 

Na 68 126 45 12 

P 2 .1 1. 2 0.6 0. 5 

К 5. 3 22. 7 11.4 7. 0 

Ca 241 191 14 49 

C l 133 53 23 15 

Mn 0. 055 2. 3 0.90 8. 0 

Fe (not detected) 0. 5 0. 8 0. 5 

Co 0. 006 0. 007 0. 006 0. 04 

CU 0. 078 0. 124 0.104 0.110 

Zn 0. 22 1. 3 1 .4 1. 0 

Mo 0. 033 <0. 005 <0. 005 <0. 005 

Results obtained 

The results obtained by activation analysis for the different elements in 
water extracts from different soil samples and the lower limits of determi-
nation for the different elements by the method developed in this study are 
shown in Table I. As indicated by the coefficients of variation, the reproduci-
bility for most of these elements was good. 

The resul ts of the analysis of solutions from four different soil types 
shown in Table II a re in general agreement with previous observations by 
other methods of analysis for these soil types. 

Studies of different techniques of obtaining the water extract of the soils 
indicated that the results obtained were not influenced by the time of contact 
between the soil and the water extractant and that the composition of sub-
sequent fractions of the soil solution obtained by centrifuging the moist soil 
were s imilar . As shown in Table III, the reproducibility of determinations 
on 5 sub-samples of 1 soil solution extract was similar to the reproducibility 
obtained from 5 different extracts of a soil sample. 

The following interferences were encountered 

(1) Na К may interfere with the determination of Na, if present in 
concentrations 100 t imes higher than the Na. 
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T A B L E III. R E P R O D U C I B I L I T Y OF THE TECHNIQUES OF 
OBTAINING SOIL SOLUTIONS AND OF DETERMINATIONS OF THE 
E L E M E N T S IN A SOLUTION 

Determinations on 5 sub-samples Determinations on 5 samples 

of 1 soil solution of soil solution 

Element Soi l3 
Mean element Standard Mean element Standard 

content deviation content deviation 

(MgAnl) (fig/tnl) 

Na R 68. 0 1.64 62 5. 2 

Na I 18 2 .1 12 1. 3 

К R 5.45 0.16 5.3 1.1 

К I 12.1 1 .3 7. 0 0.46 

Mn R 0. 057 0. 0082 0. 055 0. 0090 

Mn I 6. 3 0. 24 8. 0 0. 57 

Cu R 0. 073 0. 0087 0. 078 0. 0081 

Cu I 0. 097 0. 0032 0. 11 0. 017 

Zn R 0. 24 0. 022 0. 22 0. 056 

Zn I 3. 22 0. 091 1. 0 0. 20 

Mo R 0. 033 0. 0041 0. 030 0. 0047 

Mo I < 0. 005 < 0. 005 

R = Black earth proper, 

I = Brown loess. 

(2) К Na interferes when the concentration ratio of K/Na is l e s s 
than 100. 

( 3 ) P s a n d C I i n t e r f e r e s i n c e o n i r r a d i a t i o n 3 2 P i s p r o d u c e d . 

(4) Ca No interferences when Ca is isolated by precipitation with Ça 
oxalate. 

(5) S Cl interferes since on irradiation 35Cl(n, p)35S and 35Cl(n, a ) 3 2 ? 
and P interfere . Therefore determination of S in the soil 
solution is not possible. 

(6) CI . Na interferes due to s imilar g a m m a - r a y energies . Hence, 
separate CI by precipitation as AgCl. 

(7) Mn Na interferes when Na/Mn ratio exceeds 50 to 100. Separate 
Mn by precipitation with Fe(OH)3 o r by ion-exchange 
chromatography. 

(8) Cu Ga and Sb interfere if present. Separate Cu by ion-exchange 
chromatography or by extraction with acetylacetone. 
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(9) Mo Ga, Sb and F e may interfere. Mo is separated by ethylether 
and acetylacetone extraction. 

(10) F e No interferences when F e is separated by ion-exchange 
chromatography. 

(11) Zn No interference when Zn is separated by ion-exchange 
chromatography. 

Conclusions 

Activation analysis can be used to determine Na, P, Cl, K, Ca, Mn, Fe, 
Co, Cu, Zn and Mo in water extracts of soils, but it cannot be used to deter-
mine S. 

Activation analysis for the determination of micronutrients is as sensi-
tive, or , in some instances , m o r e sensitive than other methods such as 
spectrophotometry, emission spectroscopy, and polarography which may be 
used for these elements. 

Activation analysis shows no advantage over such methods as flame 
photometry and spectrophotometry for determination of the macronutrients, 
except where only minute amounts of soil extract are available. 

Papers published on work done under the contract 

ZMUEWSKA, W., MINCZEWSKI, J. , "Determination of some components of soil solutions by neutron activation 

method" (in Polish), Proc. 3rd natn. Symp. Application of Isotopes in Technique, Szczecin, 31 May-3 June 

1966, Paper No. 30 (1966). 
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RADIOISOTOPE APPLICATIONS IN MEDICINE 

R E S E A R C H CONTRACT No. 105 

Title 

Radioisotope study of intestinal absorption in hookworm-infestedpatients. 

Research institution 

Instituto Venezolano de Investigaciones Científicas, Caracas, Venezuela. 

Principal scientific investigator 

M. Layr isse . 

Period of contract 

1 September 1961 - 28 February 1965. 

Scientific background and scope of project 

A considerable proportion of the population in tropical countries is 
suffering from hookworm infection. Very little is known about the way in 
which hookworms affect the intestinal absorption of essential nutrients in 
human beings. Absorption and utilization of iron in hookworm infections 
are still not very well understood. Ancylostoma duodenale sucks blood from 
the patient's gastrointestinal t ract . Red cells are expelled by the anus of the 
parasi te and thereaf ter destroyed by the intestinal juices, as the workers 
have shown previously. However, the metabolic pathway of the iron set free 
by red cell destruction and reabsorbed at lower levels of the gastrointestinal 
t rac t has not been clearly explained up to now. Radioisotope techniques de-
vised to measure erythrokinetics as well as iron-binding capacity are needed 
for these studies and were used by the workers. Similar methods involving 
the use of radioisotopes to determine the absorption of essential nutrients in 
human patients infected with worms were used while studying vitamin B 1 2 

and fat absorption. 

/experimental method 

E r y t h r o c y t e s w e r e tagged with 5 i C r and 5 9 F e , and reinjected into the 
circulation of ancylostoma-infected patients. The activity of each isotope 
was determined thereafter in the faeces. The tagged haemoglobin was given 
orally to patients with iron deficiency anaemia and the erythrocyte radio-
activity was determined 15 days after the administration of the oral dose. 
F u r t h e r experiments were c a r r i e d out in normal non-infected, in infected, 
and in infected patients with iron deficiency. A single dose of red cel ls 
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tagged with 5 JCr and 5 a Fe containing 3 - 4 mg of haemoglobin iron was given 
orally, and stools were thereafter collected during the following days to 
count 5 1Cr and 5 9 F e . Blood was taken after 15 days to estimate the 5 9 Fe ab-
sorbed. Another group of patients were given the red cell suspension by 
infusion lasting for about 10 hours. Stools and blood were collected as 
described above. 

Studies at Pequin, an experimental unit of metabolic research set up 
for the 'in situ' study of the inhabitants of a small town, were performed by 
analysing the daily food intake inl3families covering a total of 93 individuals. 
Folic acid and iron were specially studied. Infected and non-infected sub-
jects were injected with 5 SFe. Blood was taken to determine haemoglobin 
values and radioactivity periodically for 4 months, and in some cases the 
studies were continued up to I f y e a r s . 

The hospitalized hookworm-infected individuals were also studied by 
means of the following tests : 

(1) Morphology of the peripheral blood; 
(2) Bone-marrow morphology and histochemistry for haemosiderin and 

sideroblasts; 
(3) P lasma iron and unsaturated iron-binding capacity of the serum; 
(4) Ova counting, and worm counting after deworming; 
(5) Folate activity in the serum; 
(6) Fol ic acid absorption. The workers used Chanarin's method 

(Chanarin, I . , Anderson, В . , Mollin, D . L . , Brit. J . Haemat. 4(1960) 156). 
This method will be compared in the near future with the radioactive method 
using 3H-folic acid (Anderson, В., Belcher, E.H., Chanarin, I., Mollin, D.L., 
Brit . J . Haemat. 6 (1960) 439). The workers have also been trying to use a 
non-overloading radioactive method. About 1 - 3 jug of folic acid with a spe-
cific activity of 12.3 nCi/ng were given orally and in its concentration in 
plasma was followed for 4 hours and its excretion into the urine for 24 hours. 
By isolating the folic acid from the plasma proteins the 'quenching' problem 
has been reduced to a minimum; 

(7) Serum concentration of vitamin B12; 
(8) Absorption of 51Co-vitamin B1 2 ; 
(9) d-Xylose absorption; and 

(10) Fat absorption determined chemically. 

Hcsults obtained 

Forty percent of the haemoglobin iron of the blood sucked by the parasite 
(ancylostoma) is absorbed. On the other hand, a range of iron absorption 
varying from 14 to 2 7% has been found when tagged haemoglobin was given 
orally to iron deficiency anaemia subjects and the erythrocyte radioactivity 
was determined 15 days after the administration of the oral dose. 

A comparable haemoglobin iron absorption was observed by differential 
counting of 5 1Cr and 5 9 F e in the faeces and by counting 5 9 F e in the blood in 
the few cases studied. 

Studies in the metabolic field (Pequin) showed that in 2 out of 13 controlled 
families the daily folic acid intake is below 100 vg and in some of them below 
50 jug. These people eat vegetables in large quantities and boil them. This 
observation is in agreement with the low folate level in the plasma found in 
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T A B L E I. AVERAGE IRON INTAKE 

Average iron intake 

(mg) 

Adult men 16 

Adult women 14 

Children 1 2 - 1 4 

T A B L E II. IRON ABSORPTION FROM S T A P L E FOOD 

Iron absorption 

Л 

Normal subjects 0. 7 - 7 

Iron-deficiency 
7 - 1 4 

subjects 

more than 50% of the subjects. This level was low ( 2 - 5 jug/ml) but not criti-
cal. The serum vitamin Bj2was within the normal range. 

The average iron intake in adults and in children between 2 and 14 years 
is shown in Table I. 

Fifty per cent of the population of Pequin have a variable degree of iron 
deficiency anaemia. Even adult men, although in less proportion, show this 
type of anaemia. 

Since the iron intake in these people is in sufficient quantity whilst ab-
sorption is probably inadequate, the workers have started tests with staple 
food into which radioiron was incorporated. Only wheat and black beans have 
been tested so far by this procedure, revealing a very poor iron absorption 
with both staples as can be seen from Table II. 

The absorption of ionized iron in the subjects was about 3 - 4 times higher 
than that obtained from staple food. Studies of total body iron turnover of the 
increase in total haemoglobin in recovery of hookworm-infected subjects with 
iron deficiency anaemia are still being completed and final conclusions on 
both subjects will be presented in a forthcoming publication. 

The study of 35 cases indicated no marked changes in the jejunal mucosa, 
even in cases with heavy infection. Macro- and micro-nutrients are well 
absorbed with the exception of folic acid. 

Red cell survival curves in hookworm-infected subjects whose red cells 
were tagged with 51Cr or DF32P showed a shortening of the survival time even 
after more than 90% of the parasites were removed. They became never-
theless normal after iron treatment. The survival of red cells from de-
wormed infected subjects who continued to be hypochromic and microcytic 
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T A B L E III. RED C E L L SURVIVAL MEASURED WITH D F 3 2 P IN 
S U B J E C T S WITH HOOKWORM INFECTION, S U B J E C T S WITH 
S E V E R E IRON DEFICIENCY ANAEMIA NON-ASSOCIATED 
WITH HOOKWORM INFECTION, AND NORMAL SUBJECTS 

Recipient 

Red cell 

survival 

DF32p 
(d) 

Hb 

g/100 m l 

blood 

Hookworm 

ova per g 

of faeces 

Probable 

intestinal 

blood loss 

(m l /d ) a 

Hookworm-infected subjects 

S .R . 

Before deworming 49 

After deworming in 

own recipient 67 

After deworming in 

normal recipient 60 

After iron treatment 109 

Before deworming 49 

After deworming in 

own recipient 57 

After deworming in 

normal recipient 65 

After iron treatment 80 

7. 2 

7. 6 

12. 6 
15.6 

5. 5 

6.6 

16. 8 
12. 5 

13 677 

279 

0 
361 

35 203 

1499 

0 
1321 

28.7 

0.6 

0.8 

73.9 

3 .1 

Before deworming 41 5 .0 42 042 88.3 

After deworming 60 6. 7 3 989 8 .3 

After iron treatment 110 13.8 1061 2 .2 

Before deworming 

After deworming in 

own recipient 

After deworming in 

normal recipient 

After iron treatment 

59 

63 

64 

85 

6.0 

5 .5 

1 2 . 6 
12. 6 

13 208 

3115 

0 

27.7 

6 .5 

After deworming in 

own recipient 45 6 .9 

After deworming in 

normal recipient 52 16.8 

After deworming in 

splenectomized 

recipient 90 15.7 

After iron treatment 

in own recipient 106 16 .4 

3 255 

0 

7.0 
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TABLE IIL (cont . ) 

Recipient 

Red cell 

survival 

DF32P 

<d) 

Hb 

g/100 m l 

blood 

Hookworm 

ova per g 

of faeces 

Probable 

intestinal 

blood loss 

(m l /d ) a 

Hookworm-infected subjects 

J . L . 

After deworming in 

own recipient 

After deworming in 

splenectomized 

recipient 

4 6 

81 

7 .1 

11.1 

500 1.1 

Subjects with iron deficiency anaemia non-associated with hookworm infection 

F.R. 

R .H . 

F. D. 

C.M. 

60 

50 

47 

90 

6 . 3 

7 . 9 

7 . 4 

10. 5 

Normal subjects 

M .R . 

M . L. 

A. T. 

D. P. 

108 

105 

119 

110 

16. 6 

16. 0 

15 . 2 

16. 0 

3 The intestinal blood loss was approximately estimated from the amount of hookworm 

ova per gram of faeces (2 .14 m l of blood per 1000 ova). 

was diminished after injection into normal and into splenectomized recipients. 
It was found to be normal in the iatter but was shortened in the former. 

Table III shows results obtained by means of DF 3 2P in normal subjects 
and pathological cases . 
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FIG. 1. Case S. R. Red cell survival measured with DF !2P in three periods: 

( a) before deworming 

,(b) after deworming in their own recipient, and normal recipient, and 

(c) after iron treatment 

F i g u r e s 1 and 2 reflect the effectiveness and the usefulness of the DF 3 2 P 
method in the evaluation of red cell survival at different stages of the disease. 

Conclusions 

The discrepancy in published results on the amount of haemoglobin iron 
absorbed in ancylostoma-infected patients seems to have been clarified by 
this piece of work. Sixty per cent of the haemoglobin iron sucked by the 
parasi te is definitely extracted and lost with the faeces. F o r t y per cent is 
recovered by the patient and reabsorbed by the intestine. When tagged 
haemoglobin was given orally to subjects with iron deficiency anaemia the 
range of iron absorption was 14 - 27%. The difference might be explained 
as follows. While in hookworm-infected subjects the haemoglobin iron from 
hookworm sucking is released into the intestine continuously during the whole 
day, the oral dose consisted of a single one given at a certain time of the day. 
Work already in progress in which the oral dose is fed for a prolonged period 
of 10 hours (resembling thus the conditions found in the disease) will contri-
bute to clarify this problem. 

Different resul ts obtained by different workers on the amount of iron 
absorbed in ancylostomiasis may be attributed to their having used methods 
based e i ther on 5 1 C r o r 5 9 F e labelling. The present study includes some 
cases where both radioisotopes were used simultaneously. After performing 
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FIG. 2. Survival of the red cell from an infected subject (J. M. ) after deworming, in their own circulation, 

in a normal recipient and in a splenectomized recipient 

differential counting of 5 1Cr and 5 9 Fe in the faeces and in the blood they have 
found a comparable rate of haemoglobin iron absorption in all studied cases. 

The results of studies at Pequin have already been mentioned. The low 
folate activity found in 50% of the subjects tested was however not so low as 
to induce megaloblastic anaemia. 

There seems to be a paradox between the high daily iron intake of the 
Pequin population (Table I) and the prevalence of iron deficiency anaemia 
(around 50%). The work with labelled staple food already in progress might 
well explain the deficiency on the basis of a diet rich in non-absorbable iron. 

Only folic acid absorption seems to be impaired in infected patients, 
other m a c r o - and micro-nutrients being well absorbed. 

The red cell survival is shortened when the patient is infected with the 
parasite. Even those cases dewormed up to more than 90To showed a shortened 
red cell survival. Iron treatment modified substantially the red cell survival 
time since such cases became normal after iron therapy. 

Nevertheless, dewormed patients \vi:h hypochromic microcytic red cells 
before iron therapy showed shortened red cell survival when the patient's 
cells were injected into normal individuals. The same cells, when injected 
into haematologically normal but splenectomized individuals had a practically 
normal survival time. Since the workers have also found a shortening of 
red cell survival in patients with iron deficiency anaemia not associated to 
hookworm infection they have a sound basis for their final conclusion that 
the increased haemolysis in iron deficiency anaemia depends more on the 
severity of the anaemia rather than on its causes. An intrinsic factor in the 
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red cells seems to be mainly responsible for the haemolysis and the spleen 
is the main site for the increased red cell destruction in such cases. 

Papers published on work done under the contract 

APARCEDO. Luisa, LAYRISSE, M. , ROCHE, M . , Further evidence for reabsorption of hemoglobin. Iron 

lost into the intestine in hookworm infected subjects, Proc. Soc. exp. Biol. Med. 110 (1962) 67. 

LAYRISSE, M . , BLUMENFELD, Norma, CARBONELLI, L., DESSENNE, J . , ROCHE, M . , Intestinal absorption 

tests and biopsy of the jejunum in subjects with heavy hookworm infection. Am. J. trop. Med. Hyg. 13 

(1964) 297. 

LAYRISSE, M . , LINARES, J . , ROCHE, M . , Excess hemolysis in subjects with severe iron deficiency anemia 

associated and nonassociated with hookworm infection, Blood 25 (1965) 73. 
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' RESEARCH CONTRACT No. 158 

Title 

A radioisotope study of the mechanisms of intestinal absorption and their 
disorders in the tropical malabsorption syndrome. 

Research institution 

Wellcome Research Unit, Christian Medical College, Velio re, South India. 

Principal scientific investigator 

S . J . Baker. 

Period of contract 

28 December 1961 - 28 February 1966. 

Scientific background and scope of project 

Tropical malabsorption syndrome and related conditions are extremely 
common in South India, both in endemic and epidemic form. The Wellcome 
Research Unit has great experience in this subject. At the start of the 
project the Institute was studying a recent epidemy involving 10 000 individuals 
with a death rate over 3000, This syndrome is frequently associated with 
a variety of intestinal disorders, such as disturbances of fat, protein and 
vitamin absorption as reported by the workers in 1958. There is also some 
evidence that at least some of these disturbances may occur at the cellular 
level as reported by Baker in 1960. Little information was available on the 
precise distribution of absorptive defects in the population although radiologi-
cal evidence (Patterson and Baker, 1958) suggests that it maybe wide-spread. 
Moreover, in a population living on a sub-optimal diet, as is the case with a 
high percentage of the population of India, even small defects in intestinal 
absorption might have serious consequences. 

Experimental method 

Initially a new method was developed for the counting of tritium in stools 
and other biological material. The method, reported to the Agency in 1963, 
consists of the following steps: 24-hour stool collection i s weighed and 
thoroughly homogenized in a Waring blender, and an aliquot of about 250 cm3 

taken for further homogenization. From this a weighed aliquot of 20 cm3 is 
taken into a siliconized Erlenmeyer flask and 4 cm3 hydrogen peroxide (30%) 
and 0.5 sodium hydroxide (1.84 N) added. The flask is allowed to stand for 
12 hours, thoroughly mixed and 0.75 cm3 aliquots taken into weighed counting 
vials. The vials are then reweighed and the exact weight of stool used deter-
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mined, and 20 ml of scintillator mix added. After considerable tr ial and 
e r r o r the following scintillator was evolved: 

Dioxane 
PPO 
POPOP 

100 ml 
1 g 
0 . 5 g 

Naphthalene 20 g 
Carbosil 3 g 

"Vials should be kept for 48 hours before counting. After counting internal 
standards of tritiated toluene are added to determine the degree of quenching. 

Albumin metabolism was studied in 10 control subjects and a group of 
19 patients with tropical sprue using l 3 iI-labelled human albumin and feeding 
an ion-exchange resin orally. 

The absorption of tritiated folic acid (200 ng labelled with 20 juCi) was 
studied by balance technique in a total of 150 subjects in some of whom 
multiple absorption tests were undertaken. Stool radioactivity was followed 
for a period of 10 to 12 days. The balance technique only tests the ability of 
the whole small intestine to absorb a given dose of folate. With this technique 
it is not possible to demonstrate changes in the rate of absorption of folate 
from food, or possible defects in absorption confined to the upper regions of 
the jejunum, which could be compensated for by the rest of the intestine. The 
technique of small intestinal infusion with a non-absorbable marker seemed 
to be suitable for this purpose, since it allows a study confined to a given 
short length of intestine, and also enables rates of absorption to be studied. 
A special locally-made infusion pump was designed for this purpose (with 
a variable delivery rate of 2 - 4 ml/min). Two pieces of radiopaque tubing 
were bound together to form a double lumen tube. One piece of tubing -
termed the inlet tube - ended 30 cm proximal to the other, or outlet tube. 
A mixture of tritiated folic acid and polyethylene glycol (PEG) was pumped 
at a constant rate of 10 ml per minute into the inlet tube, and gentle suction 
applied to the outlet tube. The samples from the outlet tube obtained in each 
5-minute period were pooled and the ratio of tritium to PEG determined and 
hence the amount and rate of folic acid uptake. So far 30 tests have been 
performed in a total of 9 individuals involving some 360 tritium and PEG 
measurements . 

Tritium was also used to label vitamin В 6 which was ingested by 20 patients, 
the radioactivity thereafter being measured in stools, blood and urine. This 
study was combined with simultaneous assays of the level of pyridoxal phos-
phate phosphatase and pyridoxal kinase in the intestinal mucosa. 

F o u r different types of 1 4C-labelled amino acids (neutral, basic, 
N-substituted and acidic) were fed to different groups of rats . Absorption 
and excretion was measured by means of stool collection and counting as 
well as strip chromatograms. 

Metabolism of proline and hydroxyproline was studied after the injection 
of these tritium-labelled compounds. (Details on the technique can be found: 
Cherian and Radhakrishnan, Biochim. biophys. Acta 101 (1955) 241.) 

Vitamin A acetate labelled in the side chain (C 15, 16), 100 ^ C i / m g , 
obtained from Hoffmann la Roche was used to study its absorption. In the 
first instance a total of 18 000 international units labelled with 20 /jCi was 
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fed to two apparently norm al subjects, and the levels in blood of both vitamin A 
and tritium were determined. The stool excretion was measured thereafter. 

A study of serotonine biosynthesis in the intestine was undertaken and 
details of the technique are in press and will be published in Biochemical 
Pharmacology. Tritiated histidine was used to study the plasma clearance 
of histidine in patients with B12-folate deficiency. 

Results obtained 

Albumin metabolism 

The rate of endogenous catabolism was found to be the same in 10 control 
subjects and in a group of 19 patients with tropical sprue, but the latter had 
an increased loss of 1 3 1I into the gastrointestinal t ract . The amount of 
albumin loss showed some correlation with the degree of steatorrhoea 
(r = 0.55). There was, however, no correlation between the amount of 
albumin loss and the depletion of body albumin. 

Folic acid absorption 

The balance technique was used in a total of 150 subjects in order to 
measure absorption. In some subjects multiple absorption tests were 
undertaken. 

While collecting stools for a period of 10 or more days, two peaks of 
radioactivity were noticed, one on the 1st or 2nd day after the oral dose and 
the other on the 5th or 6th day. 

After so many tests the workers have confirmed their previous finding, 
e. g. in the majority of patients with tropical sprue folic acid absorption is 
normal. However, nearly all subjects are folate-deficient as demonstrated 
by serum folate levels. 

Folate absorption from food was compared with the absorption of oral 
pteroylglutamic acid by the double reticulocyte response in 8 subjects. Only 
in one case did the food folate as measured by L,. casei assay without con-
jugase treatment appear to be as effective as pteroylglutamic acid; in the 
other cases pteroylglutamic acid was somewhat better absorbed or utilized 
than the food folate. 

The technique of small intestinal infusion, developed while trying to 
demonstrate changes in the rate of absorption in a given short length of 
intestine was used for 9 individuals on whom 30 tests were performed. The 
absorption is at first high ar̂ d settles down thereafter to a steady rate of 
about 1.4 /ug/min. In 1 patient the test was repeated on 10 occasions using 
concentrations of folic acid varying from 6.25 ng/ml to 1600 ng/ml labelled 
with 5 juCi of 3H-folic acid. It was possible to show that the rate of folic 
acid absorption and hence the total absorption in a given test was directly 
related to the concentration used. 

Excretion of folic acid in bile 

It was found that the folic acid content of bile was 2 - 1 0 times that of 
serum, and also that intravenously administered tritiated folic acid appeared 
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fairly rapidly in the bile. This finding raised the question as to whether 
losses from the intestine might play a significant role in depletion of body 
folate stores in some of these patients. To test this tritiated folic acid20pCi 
and 200 цg was given intravenously. Collection of stools measured over the 
next 5 days showed that up to 10% of the administered dose was recovered in 
this way in sprue patients, but not in normal subjects. 

Pyridoxine absorption 

Results confirmed previous findings of the workers, e .g . demonstrating 
no impairment of absorption of this vitamin in malabsorption. Vitamin A 
absorption tests confirmed previous findings of the workers, namely that 
when given in physiological amounts absorption of this vitamin is frequently 
abnormal in subjects with sprue. The previously reported observation of 
excretion of a large part of the label in the urine was confirmed, but little 
headway was made in the identification of the chemical form in which the 
radioactivity resides . 

Absorption of amino acids 

Studies were made on the sites of uptake and transport of representative 
amino acids of the four groups mentioned in experimental methods. The 
basic amino acids used (lysine and arginine) showed that uptake was distri-
buted uniformly along the length of the small intestine, whereas results ob-
tained for the remaining three groups (neutral: alanine, glycine, leucine and 
phenylanine; N-substituted: proline, hydroxyproline and sarcosine; acidic: 
glutamic and aspartic acid) showed a biphasic pattern of uptake. The patterns 
showed that there was one site of maximal uptake in the proximal region and 
another in the distal region of the intestine. The transport pattern of all 
four groups showed that there were two sites of maximal transport - the 
first one in the proximal portion and the second in the distal portion of the 
small intestine. F o r the acidic amino acids, the terminal ileum wasfound 
to have the maximal values both for uptake and transport. 

Proline and hydroxyproline metabolism 

Incorporation of tritiated proline to hydroxyproline was studied after 
injecting 50 to 100 дCi of generally labelled tritiated DL-proline into human 
subjects with tropical sprue. Collection of 24-hour urine samples with 
preservatives for five consecutive days showed that about 40% of the total 
injected proline was excreted in the urine within this period. An aliquot of 
urine from each day was fractioned on a Dowex-50H+ resin. The break-
through fraction and the washings were collected and the column eluted with 
IN ammonia (ammonia eluate fraction). Both fractions were hydrolised and 
passed through a Dowex-50H + resin and eluted with IN ammonia and this 
eluate was used for further separation of proline and hydroxyproline. After 
destroying the other amino acids with nitrous acid it was possible to deter-
mine the specific activities of proline and hydroxyproline (after separation 
by ion exchange and paper chromatography). 
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Incorporation of proline into the hydroxyproline of the break-through 
fraction was found tobe higher than that of ammonia eluate fraction. Maximum 
radioactivity was found in the first 24-hour specimen. The ratio of specific 
activity of hydroxyproline to proline in the break-through fraction was about 
1.35 while that in ammonium eluate was below (0.35). 

Serotonin biosynthesis 

The workers made a comparison of the 1 4C-5-hydroxytryptophan de-
carboxylase activity in the liver, kidney and intestine of the rat and monkey. 
The enzyme activity was found to be more or less uniformly distributed along 
the length of the monkey intestine. The bulk of the activity was present, 
equally distributed between jejunum and ileum with only a small fraction in 
the duodenum. 

The relative distribution of total enzyme activity in the organs of the 
rat and monkey is different. The lowest activity was found in the liver in the 
case of the monkey, and in the intestine in the case of the rat. 

Histidine metabolism 

A preliminary study of the plasma c learance of tritiated histidine in 
patients with B1 2 folate deficiency has shown no significant difference in the 
rates of clearance before and after specific treatment. However, the ob-
servation of elevated histidine excretion prompted a study of histidase acti-
vity in the stratum corneum. Results based on the use of the method of 
Zannonia and LaDu (Biochem. J . 88 (1963) 601) are given in Table I: 

Conclusions 

(a) The rate of endogenous catabolism of albumin was found to be the 
same in the control subjects and in patients with tropical sprue, but these 
patients had an increased loss of 131I label into the gastrointestinal tract which 
showed some correlation with the degree of steatorrhoea. 

(b) The balance technique failed to show any difference between the 
folic acid absorption in normal controls and patients with tropical sprue. 
The technique developed to demonstrate changes in the rate of absorption 
in a given length of intestine showed that the rate of folic acid absorption, 
and hence the total absorption in a given test was directly related to the con-
centration used. 

On the basis of their studies on this subject the workers conclude that 
over the range studied folic acid is being absorbed by a process of simple 
diffusion without any evidence of active transport. 

(c) Results on excretion of folic acid in bile showed that up to 10% of the 
administered dose was recovered in the stools of sprue patients but not of 
normal subjects. Whether this represents folate degradation products or 
true loss of folate material is not clear. The latter, the workers emphasize, 
could make a significant contribution to folate depletion. 

(d) Malabsorption of pyridoxine is very rare in tropical sprue. 
(e) The same conclusion applies to vitamin A. 
(f ) Since comparable patterns have been obtained for all amino acids 
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T A B L E I. MEASUREMENT OF ENZYME ACTIVITY IN 
CONTROLS AND B 1 9 F O L A T E DEFICIENT SUBJECTS 

Enzyme activity ((imoles of utocanic 

acid formed per h/g fresh tissue) 

Controls B12 /Folate deficient subjects 

Men Women Men Women 

(15) (15) (14) (14) 

Mean value 3.71 3.73 0 .88 0 .95 

Range 1.5-6.75 1.25-5.26 0.52-1.55 0.22-2.37 

Note: The number of subjects is given in parenthesis. 

examined, there seems to be no anatomical separation of the sites of ab-
sorption along the length of the intestine for the four groups of tested amino 
acids. Regarding the mechanism of transport it is not possible, at present, 
to know whether the transport of the acidic amino acids observed reflects the 
active transport of the amino acids per se or that of their metabolites. 

(g) Results on studies of incorporation of proline into hydroxyproline 
suggest that proline incorporation into the hydroxyproline of the glycopeptide 
occurs fairly readily. There are several ear l ier reports suggesting that 
the ratio of specific activities of hydroxyproline and proline in collagen is 
greater than unity and values as high as l.G have been obtained. These 
results suggest that there are two proline pools, one of which is destined to 
form hydroxyproline of collagen and which is not in equilibrium with the 
second proline pool. 

Papers published on work done under the contract 
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Institute of Medical Research, The Royal North Shore Hospital, Sydney, 
Australia. 

Principal scientific investigator 

I. Hales. 

Period of contract 

15 October 1962 - 30 April 1966. 

Scientific background and scope of project 

Goitre incidence has been reported in most countries of the world. The 
first correlation detected was with iodine deficiency and this was supported 
by the response to prophylactic use of iodine1. Iodine deficiency and goitre 
became synonymous. Greenwald2 has led the sceptics in doubting the 
importance of iodine deficiency and has obviously in part been supported by 
reports of goitrogens 3- 4 as well as by the demonstration of inheritance of 
defects in hormone synthesis 5 . With this conflicting situation in the world 
it was considered of interest to characterize the nature and clinical morbidity 
of goitre and to investigate the cause or causes that might apply to the 
Australian population. 

An analysis of the following aspects was made in an attempt to elucidate 
some of these problems: symptomatology, geographic distribution, family 
history, thyroid function tests, intrathyroidal iodine distribution, TSH (Thyroid 
Stimulating Hormone), and the patterns seen in unaffected relatives of 
patients with goitre. 

1 KIMBALL, O. p . , MARINE, D . , The prevention of simple goitre in man , Archs intern. Med. 22 

(1918) 41. _ 

2 GREENWALD, I . , Endemic Goitre. C l in ica l Endocrinology. l . (ASTWOOD, E. B. ,Ed. ) Grune and 

Stratton Inc . , N. Y. (1950) 123. 
3 GREENWALD, I . , Endemic goitre, deficiency, intoxication or infection, Trans. Am. Goitre Ass. 

(1950) 369. 
4 McGIRR, E. M . , CLEMENT, W. E. , WATSON, W. C. , HUTCHISON, J. H . , , CURRIE, A. R. . Goitre 

due to dyshormonogenesis, J. Endocr. 18(1959) 23. 
5 ST ANBURY, ]. B. . MEJER, J. W. A. , KASSENAAR, A. A. H . , The metabolism of iodotyrosines. 11. 

The metabol ism of mono- and di-iodotyrosine in certain patients with fami l i a l goitre, J. c l in . Endocr. 

Metab. 16 (1956 ) 848. 
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^ T A B L E I. SYMPTOMS AND SIGNS ACCORDING TO T Y P E OF GOITRE 

P e r c e n t a g e of each type with symptoms and signs 
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Diffuse 717 3 11 37 8 11 25 17 24 16 37 68 13 28 25 13 7 44 

Multi- 208 3 18 54 10 8 13 13 13 14 26 47 10 14 15 10 14 35 

nodular 

Single 215 4 2J 56 7 8 23 15 13 11 26 51 13 21 16 12 12 41 

nodule 

A l l 1140 3 15 43 8 10 23 16 20 15 33 61 12 24 21 12 9 41 

goitres 

No 292 5 0 0 2 21 22 10 17 16 33 48 10 11 14 2 13 42 

goitres 



Experimental method 

A study was made on 1432 euthyroid patients attending the Thyroid 
Clinic. All these patients were euthyroid, both on clinical and laboratory 
grounds. They were studied with regard to symptomatology, family history, 
residence in various areas, radioiodine uptake, suppression test and protein-
bound iodine. Apart from this major group, other smaller groups were 
studied with reference to some specific parameters of thyroid function. In 
addition, more than 5000 high-school students were screened on the basis 
of non-radioisotopic methods. Thyroid iodine uptake rate was measured at 
1 hour, using either 1 3 1I or 1 3 2I and at 48 hours using 131I in all patients. The 
protein-bound radioiodine was measured at 48 hours after administration of 
a t r a c e r dose of radioiodine in 249 cases . Chromatographic and electro-
phoretic characterist ics of the iodinated compounds of the serum and urine 
were performed in 149 individuals using 1 3 1 I and 1 2 5 I . The distribution of 
iodine within the gland was studied in 189 individuals by isotope scanning, 
using 1 2 4I, 125I o r 1 3 1 I . A study was made of changes in the above parameters 
following administration of 

(a) Thyroid stimulating hormone; 
(b) Thyroxine and tri-iodothyronine; 
(c) Carbiomazole; 
(d) Potassium perchlorate. 
Chromosome patterns were also studied in several cases . The above 

parameters were studied in each family member pf goitre patients wherever 
applicable. 

Results obtained 

In Table I the main symptoms and signs are shown and recorded 
as per cent incidence within each type of goitre. 

In a further analysis of symptomatology according to age -it was found 
that in diffuse goitre nervousness appears to be more common in the group 
under 3 0 years of age than in subjects older than 3 0 years (p 0.05). Tachycardia 
is more common in the first age group (p 0.001), otherwise little effect of 
age can be demonstrated on symptomatology. 

The effect of residence and family history was assessed on symptomat-
ology. In patients with diffuse goitres heat intolerance was less frequently 
seen among subjects who had a history of residence in a goitre area when 
the comparison was made between groups with a family history of goitre 
(p 0.05). Tachycardia was more frequent in patients with a family history 
than in those without (p 0.005). In patients with multinodular goitre, those 
with a family history of goitre more frequently complained of increasing 
size of their goitre (p 0.0005) irrespective of residence. In patients with 
single nodules a history of increasing size in the neck was more apparent in 
those patients who had no family history (p 0.05) i r respect ive of whether 
they had resided in a goitre area or not. In patients with no goitre, palpi-
tations were less marked in those with a family history (p 0.05). 

A study of the geographic distribution of goitre type showed a higher 
incidence of goitre in the western plains and slopes of Australia which one 
might suspect to be zones with relative iodine deficiency. However, in most 
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of the areas included in this zone family history appears also to be a pro-
minent feature. Thyroid clearance rates were estimated by the method of 
Oddie et al. (1955)6. 

Table II shows the distribution of ki according to age, sex and goitre 
type (kj = the fraction of the circulating iodide pool cleared by the thyroid 
per minute, X 103) in individuals with history of residence in goitre areas . 

Table III shows results in patients with no residence in goitre a reas . 
Analysis of suppressed thyroidal clearance rate ( k j which is the value 

of thyroidal clearance after 1 week's administration of tri-iodothyronine, 
120 gperdây, or4weeks thyroxine 0 .3mgperday, were made by comparing 
several parameters such as type of goitre, sex, family history, etc. Although 
certain trends may appear, statistical analyses failed to show significant 
differences. 

Results on PBI (serum Protein Bound Iodine) showed no significant dif-
ferences for each type of goitre nor for age distribution, although a tendency 
for lower results in the older age groups is noted. For those patients without 
a history of residence in a goitre area and a positive family history, the PBI 
in patients with multinodular goitre was higher than in those with diffuse 
goitres (p 0.051) or in those with single nodules (p 0.005). Analysis of PBI 
according to goitre type, family history and sex showed no statistical signi-
ficant results. Definition of goitre area was undertaken around the Sydney 
region to ascertain the incidence of goitre. 3300 high-school children aged 
between 12 and 17 years were examined in the Sydney metropolitan area 
showing a 5% incidence in boys and a 16.1% in girls with a mean of 10.2%. 
Schools located within 100 miles of Sydney, north, south and west were also 
assessed. The incidence of goitre was found to be similar to that found in 
Sydney or slightly and significantly higher (p 0.025) for the west and south. 
The north, Gosford High School, which is on the coast, had a high incidence 
of goitre (p 0.0005), i . e . more than twice the Sydney incidence, and this 
represented a threefold increase in boys and a twofold increase in the 
incidence in girls . A little further north of Gosford and still close to the 
coast is Wyong, where a high incidence was detected. Both Wyong and the 
Gosford area are geographically similar. 

Results enable to say that the metropolitan area of Sydney has a small 
incidence of goitre, similar to that reported for areas defined as non-endemic. 
Assessment of the urinary excretion of iodine in the Sydney area showed that 
the 24-hour value was just in excess of 100 /ug per day. It is to the north and 
presumably for about 100 miles along the coastal belt where the incidence of 
goitre was found to be about three times that of Sydney and this affected 
males more than females which would appear to be characteristic of most 
endemic goitre areas . 

The comparison of intrathyroidal iodine distribution with the parameters 
of thyroid function was performed in 189 patients with non-toxic goitre by 
analysis of radioisotope scans. Diffuse goitres had a higher uptake, and a 
higher clearance rate than nodular goitres, those with functioning nodules on 
the whole had a higher clearance rate than those with non-functioning nodules, 
and those with indeterminant function were intermediate. In assessing this 

6 ODDIE, T. H. , MESCHAN, I . , WORTHAM, J. T . , Physical bases of study of eatly calculation of 

thyroidal and renal, rate constants, J. clin. Invest. 34 (1955) 95. 

1 1 4 



group 20 cases became apparent; these have been the subject of a separate 
paper on "Autonomous Functioning Nodules and Thyrotoxicosis". 

Studies were done on thyroid stimulating hormone in goitre production. 
One would expect the presence of a goitre would be associated with an in-
creased secretion of TSH and initial assays of serum using the Mackenzie 
mouse assay technique were performed. Normal subjects rarely produced 
a measureable response whereas the sera of most patients with a goitre gave 
definite TSH responses. It was felt, however, that the accuracy of these low 
activity estimates was not sufficiently good to analyse differences between 
normal subjects and those with simple goitre. 

Attempts were made to establish a more sensitive technique; the use 
of isolated thyroid cells would appear to be a way of producing a bio-assay 
without the usual problem of non-uniformity. Preliminary work elsewhere 
had suggested that TSH had a definite effect on isolated thyroid cells and 
their function of iodination. Investigation of the function of isolated thyroid 
cells was undertaken and it was confirmed that thyroid hormone was produced 
by the cells, but it was secreted rapidly into the incubating media. It was 
also shown that rate of hormone production exchange may be enhanced by the 
use of TSH, but as the cells have no storage capacity of their own (no true 
follicular formation), formed hormone appeared to be readily excreted. The 
measurement of secretion rate appears to be the most promising way of as-
sessing TSH activity and preliminary attempts at this did show an increase 
in 1 2 5I release with increasing doses of TSH but the baseline release rate was 
so high that a useful assay could not be established. Further investigation 
of the function of isolated cells was undertaken and it was shown that isolated 
cells rapidly release thyroxine, tri-iodothyronine, mono-iodotyrosine and 
di-iodotyrosine into the media irrespective of TSH, and it seems as if all 
synthesized compounds including thyroglobulin cannot be retained by the cells 
in the absence of normal follicles. The latter statements were investigated 
using Se-labelled methionine and seem to confirm this postulate. The use 
of isolated cells while useful for studying various kinetics of thyroid function 
did not produce a reliable and sensitive assay method, although when more is 
known of their behaviour it may be possible to develop an assay. 

Eighteen subjects volunteered'to take part in a study of family history 
related to the possibility of the existence of different mechanisms in the 
aetiology of diffuse and nodular goitre. They belonged to families of patients 
bearing one of the two conditions. In spite of the severai tests performed on 
each of them (thyroidal c learance test, 5 -15 kĵ  - measuring the rate of 
accumulation of radioiodine in the neck after an intravenous injection of radio-
iodine while calibration is made to give the same result as the kj, the value 
of the test being that it measures the trapping phase and is unaffected by 
organic blocking agents - PBI, 48-hour uptake, radioiodine scans, effect of 
thyroxine or tri-iodothyronine suppression, TSH stimulation, neomercazole 
medication and perchlorate administration) no statistical significance could 
be obtained because of the low number of volunteers in this study. However, 
trends in different response to various stimuli and suppressants could be 
demonstrated. 
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T A B L E I I . k^ H I S T O R Y O F R E S I D E N C E I N G O I T R E A R E A A C C O R D I N G T O G O I T R E T Y P E A N D F A M I L Y H I S T O R Y 

Diffuse Multinodular Single nodule All goitres No goitres 
A g e Nó. k j S .D. No. k 1 S.D. No. kj S .D. No. k x S. D. No. k t S .D. 

Family 
history+ 

Family 
history" 

Family 
history* 

0 - 19 - 16 9. 53 .6. 35 1 2 .10 0 0 0 0 17 9 .09 6. 41 1 7 .20 0 
20 - 29 58 4 . 77 3. 10 1 7 . 3 0 0 3 4 . 1 7 1 .96 62 4 . 7 8 3. 03 1 5. 30 0 
30 - 39 48 5. 91 3. 32 7 7. 20 5. 04 6 3 . 3 0 1 .39 61 5 .80 3. 49 7 2 . 9 4 0 . 8 4 
4 0 - 4 9 15 4. 61 2. 64 11 5. 00 3 . 8 0 10 4 . 8 2 2 .88 36 4 . 7 9 3. 01 6 3 . 7 0 2 .40 
50 - 59 9 4. 03 1. 66 7 3. 96 2 .65 7 3 . 4 1 1 .39 23 3. 82 1. 88 3 3 .43 3 . 1 6 
60 + 6 4. 17 1. 69 6 3. 32 1 . 2 4 5 3 . 9 2 1 .33 17 3 . 7 9 1. 40 1 1 .60 0 
Total 152 5. 55 3. 77 33 4 . 9 2 3 . 6 2 31 4. 00 2 . 0 2 216 5 . 2 3 3. 58 19 3 . 5 4 2 .05 

0 - 19 15 8. 09 8. 50 0 0 0 2 2. 50 0 .85. 17 7 .44 8. 16 2 2 .30 0 .99 
20 - 29 31 6. 67 4 . 51 2 5 . 7 0 2 .83 4 4 . 5 8 3. 26 37 6 .39 4. 31 5 3 .16 1 .83 
30 - 39 44 5. 58 4. 30' 6 5. 35 2 .62 8 3 . 8 0 1 . 4 2 58 5 .31 3. 59 18 3. 07 1 .33 
4 0 - 4 9 24 5. 14 3. 27 8 6 . 2 4 5 .96 14 4. 37 2 . 6 6 . 46 5 .10 3. 67 14 3 .59 1 .04 
50 - 69 ' 7 3. 89 2. 26 6 2. 87 2 .18 7 3 .83 1 .82 20 3 . 5 6 2. 03 11 1 .81 0 .67 
60 + 2 3. 80 1. 27 12 3 . 5 1 3 .38 10 3 .11 1 .96 - 24 3 .37 2. 66 11 1 . 8 5 0 .82 
Total 123 5. 95 4 . 82 34 4 . 4 9 3 .89 45 3. 84 2 .18 202 5 . 2 4 4. 30 61. 3 . 49 1 .21 

0 - 19 31 8. 84 7. 38 '1 2 .10 0 2 2. 50 0 .85 34 8 . 2 6 7. 28 3 3 . 9 3 2 . 9 1 
20 - 29 89 5. 43 3. 74 3 6 .23 2 . 2 0 7 4 . 4 0 2 .57 99 5 .38 3. 63 6 3 . 5 2 1 .85 
30 - 39 92 5. 76 3 . 80 13 6. 35 4 . 0 6 14 3 . 5 9 1 .38 11S 5 .56 3. 69 25 3 .03 . 1 . 20 
40 - 49 39 4. 94 3 . 02 19 5 . 5 2 4 . 7 1 24 4. 56 2 .70 82 4 . 9 6 3. 38 20 2 .93 1 .59 
50 - 59 16 3. 97 1. 87 13- 3 .45 2 .41 14 3. 62 1 .37 43 3 . 7 0 1. 93 14 2 .16 1 .53 
60 + 8 4. 08 1. 52 18 3 . 4 4 2 .80 15 3. 38 1 .77 41 3 . 5 4 2. 21 12 1 .83 0 .79 
Total 275 5. 73 4. 27 67 4. 70 3. 74 76 3 . 9 1 2 .10 418 5 .23 3. 94 80 2 . 7 4 1 . 5 1 



T A B L E I I I . N O R E S I D E N C E I N G O I T R E A R K Л A C C O R D I N G Т О G O I T R E T Y P E A N D F A M I L Y H I S T O R Y 

Diffuse Multinodular Single nodule All goitres No goitres 
A g e No. k , S . D . No. k. S. D. No. k . S . D . No. k. S . D. No. k. S . D . 

Family 
history"1" 

0 - 1 9 28 1 . 2 0 3 . 9 9 0 0 0 0 0 0 2 8 7 . 2 0 3. 99 7 2. 86 1 . 6 0 
20 - 2S 48 5. 81 4 . 21 3 7 . 1 3 3 . 0 1 4 5 . 2 8 1 . 5 6 55 5 . 8 8 4 . 02 11 2 . 6 6 1 . 2 5 

30 - 39 61 8 . 3 0 8 . 0 6 9 9 . 8 9 1 0 . 1 5 11 5. 18 4 . 5 6 81 8 . 1 4 1. 92 14 4 . 38 2 . 9 3 
40 - 49 38 3. 69 1 . 3 9 8 4 . 1 6 2 . 4 0 14 5 . 2 9 2 . 5 7 6 0 4 . 2 1 1. 91 13 2 . 1 2 1 . 5 1 
50 - 59 9 4 . 2 6 3 . 2 2 6 3. 25 1 . 1 0 6 2 . 1 3 0. 8 4 21 3 . 5 3 2. 34 7 2 . 6 4 1 . 5 2 
60 + 1 3 . 8 0 0 8 3 . 4 9 1 . 8 0 4 3 . 0 5 0 . 8 2 13 3 . 3 8 1. 45 3 2 . 2 3 0 . 6 1 
Total 185 6. 32 5 . 6 6 34 5 . 81 5. 9 1 39 4 . 81 3. 01 2 5 8 6 . 0 3 5. 40 55 3 . 1 1 2 . 0 1 

Family 
history" 

0 - 19 21 1 . 4 3 4 . 9 4 1 3 . 50 0 3 3 . 3 1 1 . 9 6 31 6 . 9 5 4. 80 5 3. OS 1 . 1 4 
20 - 29 95 5 . 4 1 3. 55 8 6. 25 3 . 2 6 12 4 . 1 9 3 . 0 6 115 5 . 4 5 3. 41 21 3. 06 1 . 3 5 
30 - 39 98 5. 3b 3 . 21 11 5 . 01 3 . 6 9 13 4 . 85 2 . 5 8 128 5 . 4 2 3. 26 25 2. 95 1 . 3 4 
40 - 4 9 46 4 . 4 2 2. 80 18 5 . 96 3 . 6 0 25 3 . 1 5 1 . 5 9 8 9 4 . 5 4 2. 84 27 3 . 2 6 1 . 5 9 

50 - 59 10 5 . 90 3 . 03 16 4 . 56 3 . 4 0 12 3. 18 1 . 4 0 38 4 . 61 2. 86 21 2. 73 1 . 6 2 
60 + 8 4 . 95 5 . 16 15 3. 01 1 . 0 6 11 3 . 5 5 1 . 8 9 3 4 3 . 6 1 3. 03 20 2 . 1 1 1 . 3 9 

Total 284 5. 52 3 . .61 15 4 . 81 3 . 2 1 16 4 . 0 8 2 . 1 1 4 3 5 5 . 1 5 3. 38 119 2. 81 1 . 5 0 

Family 
history1 

0 - 19 
20 - 29 
30 - 39 
40 - 49 
50 - 59 
60 + 
Total 

56 1. 31 4 . 4 4 1 3. 50 0 3 3. 31 1. 96 59 1 . 0 1 4 , 44 12 2. 95 1 . 5 8 

143 5. .58 3 . 18 11 0. 65 3 . 1 3 16 4 . 91 2. 12 110 5 . 5 9 3 . 65 32 2 . 92 1 . 3 1 

159 6. 61 5. , 15 26 6. 10 6 . 8 8 2 4 5. 28 3. 51 2 0 9 6 . 4 1 5. 69 39 3 . 4 6 2 . 1 3 

84 4 . 09 2. 29 26 5. 59 3 . 2 9 39 4. 30 2. 25 149 4 . 4 1 2. 53 40 3 . 08 1 . 5 8 

19 5. 12 3. 15 22 4 . 20 2 . 0 5 18 3. 43 1. 3 2 5 9 4 . 26 2. 72 28 2 . 7 1 1 . 5 1 

9 4 . 82 5. 41 23 3. 22 1 . 3 4 15 3. 41 1. 65 4 1 3 . 5 9 2. 61 23 2 . 1 3 1 . 3 1 

469 5. 84 4 . 5 4 109 5. 16 4 . 2 9 115 4 . 32 2. 53 693 5 . 4 8 4 . 21 174 2 . 9 4 1 . 6 1 



Conclusions 

Conclusions are based on results obtained from the major group of 1435 
individuals which provided highly significant results . Results of l e s s e r 
significance should only be used as pieces of supporting evidence. 

The factors relating to the actual presence of goitre, such as increase in 
size and awareness of swelling in the neck, are obviously only a reflection 
of the physical c h a r a c t e r i s t i c s of the goitre . The presence of symptoms 
resembling those of thyrotoxicosis in diffuse goitre and their absence in 
patients with multinodular goitre certainly suggest a basic metabolic difference 
in the two groups. Following the differences further it was concluded that in 
multinodular goitres, when the family history was positive, usually within 
the same generation, this meaning that sibblings a re affected with multi-
nodular goitres and the presence of a family history of goitre only reflects 
the environmental nature of the family situation. When residential c r i ter ia 
were studied it was again seen that nodular goitre was more related to areas 
of residence than diffuse goitre. It is therefore postulated that diffuse goitre 
is different from nodular goitre in its metabolic response and also in the 
geographic and hereditary aetiology. 

The final proof of difference in mechanism and inheritance would be 
made if non-affected relatives of patients with different types of goitre could 
be shown to have different metabolic pat terns . Significance could not be 
elicited in this study because of the small number of subjects finally fitting 
into each group. There is , however, in these results a suggestion that a 
difference could exist if the trends were continued in a larger ser ies . It is 
only in the response to s t r e s s and suppression that such trends a re likely 
to be detected as the basic stable measurements are almost identical in the 
two groups. 

It therefore can be said that evidence for difference in aetiology and 
metabolic presentation of multinodular versus diffuse goitre has been de-
monstrated and it is probable that environmental fac tors a r e those most 
significantly responsible in multinodular goitre, but the proof of an inherited 
defect in metabolic pathways which could explain the goitre inheritance and 
symptomatology is lacking but may be demonstrated by studying a l a r g e r 
s e r i e s of unaffected relat ives under conditions of s t r e s s and suppression. 
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' RESEARCH CONTRACT No. 158 

Title 

Intestinal absorption in chronic malnutrition. 

Research institution 

Hospital de Enfermedades de la Nutrición, Mexico City, Mexico. 

Principal scientific investigator 

J . A . Maisterrena . 

Period of contract 

1 July 1962 - 30 September 1965. 

Scientific background and scope of project 

Hypo-albuminaemia is a basic change in malnutrition and the deficient 
dietary intake of proteins with its consequent decrease of synthesis rate has 
been considered as the m a j o r aetiological fac tor . However, the role of 
intestinal malabsorption and increased gastrointestinal albumin loss may 
also be considered. Untreated c a s e s of severe malnutrition present dimi-
nished enzyme activity, intestinal hypermotility and anatomical changes that 
produce a marked malabsorption syndrome. It is possible that some ofthese 
fac tors and their functional consequences might be recognized during the 
stages of chronic malnutrition. The workers planned this research in order 
to obtain a b e t t e r knowledge of the fac tors that impair intestinal function 
in malnourished people and the role they play in the aetiology of hypo-
albuminaemia. They proposed also to perform studies on intestinal ab-
sorption and measurements of plasma albumin loss into the gastrointestinal 
t rac t in subjects under different nutritional states. 

Experimental method 

The intestinal absorption of 1 3 1 I - t r iolein was determined in 20 adult 
patients with chronic malnutrition. Malnutrition was due to the low biological 
value of their diet and all of them recovered after ingesting an adequate diet. 
A radioactive inert method was developed to study intestinal absorption under 
field conditions. Radioiodine-labelled polyvinylpyrrolydone, 5 1 Cr and 9 1Y 
were tested as inert, non-absorbable, intestinal indicators. Faecal recovery 
tes ts of 9 1Y were made together with a 1 3 1I-labelled test substance in a 
control group of 20 patients under special c a r e and supervision. Other 
23 intestinal absorption tests were carried out under routine conditions. The 
inert method proved to be successful and was used to study intestinal ab-
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sorption of 1 3 1I-human albumin in school children living in their native 
condition. 

Forty undernourished school children living in a town near Mexico City 
were studied without the modifying factors of the hospitalized patients. 
Fifteen of these children were also tested for gastrointestinal loss of 
5 1 Cr- label led albumin. 

Gastrointestinal albumin loss was investigated in severely malnourished 
infants hospitalized under strict ward conditions. Eight malnourished infants 
without oedema and two infants after recovery from malnutrition had an 
intestinal absorption test of 131I-human albumin. They also received an intra-
venous dose of 1 2 5I-human albumin to perform a simultaneous test of gastro-
intestinal albumin loss . Five of them had a test of gastrointestinal loss of 
5 1Cr-human albumin during recovery but when malnutrition was still present. 

Further investigations regarding intestinal absorption in different regions 
of the jejunum by intubating techniques and biological labelling of yeast and 
egg protein with 7 5Se (to have another test substance to study intestinal ab-
sorption of proteins) were c a r r i e d out as preliminary studies. 

Results obtained 

No relationship was found between malnutrition and intestinal absorption 
of 1 3 1I-labelled triolein in adults with chronic malnutrition. Average results 
of faecal excretion were 6 .75 ± S .D. 3 .9%, against normal values of 
3.19 ± S.D. 0.9 %. Faecal recovery of an orally administered dose of 9 1Y was 
96 ± S .D. 6 . 7 % and comparison between intestinal absorption tes ts of 
1 3 1I-labelled substances by complete stool collection during 72 hours and by 
the inert indicator method showed a high degree of correlation (r = 0.99). The 
equation of regress ion was y = 0.13 ± 0 .96, constants not significantly dif-
ferent from 0 and 1, respect ively . 

Intestinal absorption tests of 131I-human albumin in undernourished school 
children were within normal limits, with average values of 2.7 ± S.D. 1.7% 
and no abnormal leakage of albumin into the gastrointestinal t r a c t was 
demonstrated. No significant differences were found among the groups made 
according to the degree of undernutrition. 

On the contrary, severely malnourished infants with hypo-albuminaemia 
showed small but significantly higher levels of gastrointestinal loss of 
1 2 51-labelled albumin when compared with malnourished infants with normal 
plasma albumin levels. No statistically significant difference was found in 
relation to intestinal absorption of 1 3 1 I-albumin. L o s s e s of 5 1 Cr-albumin 
were 6 to 16% higher in malnourished infants than in the two completely re-
covered controls. 

Results on permeability of gastrointestinal tract to radioisotope-labelled 
human albumin in malnourished and severely malnourished school children 
are shown in Tables I and II. 

Intestinal absorption studies by intubating techniques gave false results 
due to the difference in transit time between radioactive inert indicators and 
radioisotope labelled test Substances in the jejunum. 
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T A B L E I. P E R M E A B I L I T Y OF GASTROINTESTINAL TRACT 
TO RADIOISOTOPE-LABELLED HUMAN ALBUMIN IN 
MALNOURISHED SCHOOL CHILDREN 

Intestinal absorption of 131I human a lbumin according to the degree of nutrition deficiency 

13 II human albumin 

% Ideal weight No. of cases Faecal excretion as "¡a 

of administered dose 

>90 6 2.41 ±1.88 

75-90 21 2.58 ±1.31 

< 75 9 3.55 ±1.97 

°% Ideal weight No. of cases 

>90 24 3.17 ± 1.91 

<90 12 2. 20 ±0.83 

Deficiency signs No. of cases 

+ 11 1. 77 ± 0. 75 

++ 18 3.47± 1.96 

+++ 7 2. 95 ± 1.47 

Gastrointestinal loss of 51Cr-labelled a lbumin in 13 undernourished school children 

Cumulative urinary excretion Faecal excretion as Faecal excretion as 

as "¡a administered dose "¡o administered dose "Jo of retained dose 

24 h 48 h 72 h 96 h 

22.4 24.6 26.1 27.2 0.70 ±0.30 1.00 ±0.43 
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T A B L E II. P E R M E A B I L I T Y OF GASTROINTESTINAL TRACT 
TO R A D I O I S O T O P E - L A B E L L E D HUMAN ALBUMIN IN 
S E V E R E L Y MALNOURISHED INFANTS 

Difference between infants with low and with normal plasma albumin levels 

Gastrointestinal loss Intestinal absorption 
_ 7° Weight to Plasma albumin , , „ , . . . r 

Cases ° , « „ „ , . of I-albumin of m I - a l b um i n 
sex and age (r/100 m l ) . , 

6 4 6 ' <7o Adm. dose in 96 h <?o Adm. dose in 96 h 

1-4 

5-8 

52 ±9 

p<0.01 

61 ±7 

2. 76 ±0.78 

p < 0 . 005 

4 .19 ± 0. 47 

1.58 ±0.69 

p < 0. 025 

0.73 ±0.43 

3.82 ±1.44 

p >0.05 

6. 21 ±4.19 

Gastrointestinal loss of 51Cr-labelled a lbumin in severely malnourished infants 

. . . . . . . . Gastrointestinal 
„ . Ideal Hospitali- Plasma 

Age Body loss 
Case Sex ° ' weight zation albumin 

(months/days) weight J? , / , „ „ , , % Adm. dose 
1 У ' W (months (gAOOml ) 

(kg) in 96 h 

2 MHM M 6/0 

3 JRP M 11/12 

4'GHS M 4/6 

5 GVS M 3/22 

6 MAM M 3/2 

9 AME M 4/10 

10 ACH M 6/0 

5.000 68 -3 

6.100 73 1 

5.980 95 1 

3.800 68 1 

3.120 56 1 

3.31 8.29 

2. 58 7. 29 

3 .44 3.47 

4.15 5.36 

3. 58 6. 29 

4. 50 0.43 

4. 80 0. 52 

Conclusions 

Deficient intestinal absorption in adults with malnutrition was not as 
frequent as in the severely malnourished child. Malnutrition is less severe 
in adults than in children and the difference may be due to the 'adaptation 
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o r compensation1 to the low ca lor ic and deficient diet of adults, o r to the 
fact that the adult a s s u r e s for himself a better food intake than that offered 
to the child. 

Intestinal absorption tes ts employing differential counting and radio-, 
active inert indicators seemed to be adequate to work under field conditions. 
Yttrium-91 was chosen as inert indicator because it fulfills the characteristics 
for a good inert indicator and can be differentiated from 1 3 1I-labelled sub-
stances. The method offered several advantages: quantitative stool collection 
is unnecessary, the absolute knowledge of the total amount of radioisotopes 
fed during the test period is not required, and it is easily performed with 
the basic radioisotope equipment. 

Undernourished children under study showed normal intestinal absorption 
of 1 3 1I-labelled human serum albumin and no abnormal leakage into the gastro-
intestinal t r a c t was found; even those c a s e s with s e v e r e underweight and 
nutritional deficiency signs had normal results showing that undernourished 
children not in the acute stages of severe malnutrition are able to digest and 
absorb a labile protein as human albumin. 

The study carr ied out by the workers on severe malnutrition confirmed 
and extended previous findings showing the increased gastrointestinal loss of 
5 1Cr-albumin and the slightly but signifieantly l a r g e r losses of 1 2 5I-albumin 
during malnutrition than during recovery. Increased migration of mI-albumin 
into the extravascular space would give a 'blind pool' of radioactive material 
and would slow down the turnover rate of 131I plasma albumin calculated from 
the urinary and faecal excretion. At the same time, if morphological changes 
of the atrophic and oedematous mucosae allows the leakage of extravascular 
albumin into the intestinal lumen, this abnormal catabolic pathway would 
explain the increased amounts of radioisotopic ally labelled albumin found 
in spite of a normal overal l catabolic ra te of albumin. 

Definite c a s e s of severe malnutrition are only a small part of the total 
problem and the importance of the milder forms, which affect a much larger 
number of children, has been recognized only recent ly . Differences in 
digestion and intestinal absorption of biologically labelled proteins and seg-
mentary studies by intubating techniques may give some clue with regard 
to these problems. 

Papers published on work done under the contract 

MAISTERRENA, J. A . , MURPHY. C. A . , TOVAR, E. , GITLER, C. , The use of 91Y as an inert indicator in 

intestinal absorption tests. Nucl. Med. 3 (1963) 356. 

MANTHMAN,. C. D . , TOVAR, E., MURPHY, C. A. , MAISTERRENA, J. A. , Pérdida gastrointestinal de albúmina 

en la desnutrición (Gastrointestinal albumin loss in malnutrition^ Proceedings of the Sociedad Mexicana de 

Nutrición y Endocrinología, Mexico (1964) 335-41. 
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' RESEARCH CONTRACT No. 158 

Title 

Studies on the production and destruction of red cells during the first 
year of life in premature and full-term infants. 

Research institution 

Department of Paediatr ics , University Hospital, Uppsala, Sweden. 

Principal scientific investigator 

L . Garby. 

Period of contract 

1 September 1962 - 31 August 1965. 

Scientific background and scope of project 

The use of radioisotopes has led to considerable advances in the know-
ledge of the dynamics of red cell production and destruction, both in normal 
individuals and in patients suffering from various diseases . Most of the 
results obtained so far deal with adult subjects, and very little is known 
about red cell dynamics in infancy. The continuous rate of growth of the 
child points to a relatively 'non steady state' with considerable alterations 
in the rate of red cell production and destruction, especially during the first 
year of life. Technical difficulties, such as the significant measurement of 
the extremely low levels of radioactivity in blood or organs after the ad-
ministration of very low doses of radioisotopes, or the obstacles involved in 
obtaining adequate blood samples from infants, have been the main reason 
for delaying this needed type of study. Furthermore, the interpretation of 
the 'non steady state' condition has led to mathematical difficulties and con-
troversial discussions. The workers have been working in this field for 
several years in collaboration with the Computer Group of the University 
Physics Department. They have attempted to explain infant erythrokinetics 
by a multicompartment model. The aim of the work was to carry out deter-
minations of the rate of synthesis of haemoglobins both in adults.and infants, 
comparison of different methods to measure plasma and red cell volume, 
erythrocyte plasma iron turnover and measurement of red cell life-span. 
The coexistence of both the normal haemoglobin A and the foetal haemo-
globin F in the young baby is general knowledge. Haemoglobin F (charac-
terized by being alkali-resistant) represents a considerable fraction of the 
haemoglobin in the young baby. After birth this haemoglobin gradually dis-
appears. Although the physiological significance of the foetal haemoglobin 
is not clear it was thought to be of great interest to know whether, and if so 
to what extent, the synthesis of HbF continues after birth. At birth, the 
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haemoglobin concentration in the baby1 s blood is rather high (equalor slightly 
higher than the haemoglobin concentration of healthy adults) and rises sharply 
to very high values during the first hours, probably as a consequence of the 
adjustment of plasma volume. Thereafter, a gradual decrease takes place, 
the lowest values being reached at the age of 2 to 3 months. Since it was 
not known with certainty whether this reduction is mainly due to accelerated 
red-cell destruction or to impeded formation of red cells, an investigation of 
this problem by principally new methods was attempted by the workers. In 
addition to the study of these erythrokinetic processes the workers decided to 
study the rate of iron excretion, since physiological losses may be of rela-
tively high importance in a growing organism. 

Experimental methods 

(1) Haemoglobin F was studied by means of a modified 1-minute alkali 
denaturation precipitation method which showed to agree with the spectro-
photometric method1. Thirty-one samples were assayed in duplicate deter-
minations so as to correlate both methods with HbF concentrations between 
1% and 85%. Blood (3 ml) was obtained by heel puncture, the skin being 
protected before with a thin layer of a silicone lubricant, a procedure facili-
tating the collection of blood from the puncture. 

(2) The disappearance rate of radioactive iron from plasma and red cell 
uptake of labelled iron injected intravenously was studied in 27 infants aged 
between 0 and 931 days. Radioactive iron ( s a F e ) as citrate in physiological 
saline was injected into a scalp vein in quantities varying from 0.3 to 0.5juCi. 
Only cases suffering from myelomeningocele or brain tumour were injected 
with higher doses. These cases were nevertheless haematologically normal. 
The specific activity was about 2 цCi per microgram of iron. Blood samples 
were taken as described in (1) above, and radioactivity in plasma and red 
cells was measured according to the method described elsewhere1-2-3. 

(3) Estimation of red blood cell and plasma volumes were performed 
using extremely small quantities of 5 )Cr and 1 2 5I . 

(4) Determination of the life-span of red cells in the new-born was based 
on the method described2 . DF3 2P and 51Cr were used for this purpose. 

(5) The last part of the work consisted of studies on ferrokinetic models 
by means of digital computer techniques. The purpose of this analysis was 
to find out whether all the information obtained from a detailed quantitative 
interpretation of radioiron appearance in newly formed cells ('appearance 
curve') could replace the information obtained from the data of the plasma 

1 GARBY, L., VU1LLE, J. -С. , Studies on erythro-kinetics in infancy. I. A modified one-minute alkali 

denatutation-precipitation method for haemoglobin F determination: agreement with spectrophotometric 

method, Acta paediat. , Stockh. 51 (1962) 197. 

2 GARBY, L. , SJÔLIN, S., VUILLE, J. -С. , Studies on erythro-kinetics in infancy. II. The relative rate 

of synthesis of haemoglobin F and haemoglobin A during the first months of life. Acta paediat., Stockh. 51 

(1962) 245. 

3 GARBY, L. , SJÔLIN, S., VUILLE, J. -С. , Studies on erythro-kinetics in infancy. III. Disappearance 

from plasma and red-cell uptake of radio-active iron injected intravenously, Acta paediat. , Stockhv _52 . 

(1963) 537. 
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'disappearance curve1 as described by Pollycove and Mortimer (1961) who 
were the first to construct a model based on quantitative measurements of 
plasma radioactivity during periods of 1 to 2 weeks. The workers developed 
two models, the first one a simple one, the second including eight parameters. 

(6) Radioactivity was measured in diapers and faeces each week for 
three consecutive days. Thé amount of the radioactivity excreted per day 
was expressed as per cent of the total activity injected4. 

(7) The main improvement in methodology achieved by the workers is 
the use of the two methods developed by them enabling to get an estimate 
of the relative rate of synthesis of the two haemoglobins present in the infant's 
red cells. With the 'radioiron method' , such an estimate was obtainedfrom 
the ratio: radioactivity in HbF/total radioactivity in the blood samples ob-
tained during the first days after a single intravenous injection of radioiron. 
With the 'reticulocyte method1, the relative content of HbF in reticulocytes 
was estimated by the visual evaluation of blood smears after elution of the 
HbA following the method of Kleihauer and Betke (1960). 

Results obtained 

(A) Erythrokinetic studies 

(1) The relative rate of synthesis of HbF and Hb 

It was shown that the last method (7) was able to give sufficiently precise 
data. There was a good correlation of the relative rate of synthesis of HbF 
as estimated by the reticulocyte method in 9 infants to the values calculated 
by the radioiron method in these infants. Ten additional infants, investigated 
by the radioiron method only, showed that the relative rate of synthesis of 
HbF amounts to about 50% to 65% of total haemoglobin synthesis at birth, 
thereafter decreasing gradually to about 5% at the age of 100 to 140 days. 

(2) The processes of red cell production and destruction in infancy studied 
by means of radioactive iron 

Results obtained on the 'disappearance curve' (samples extracted from 
plasma within 3 to 6 hours after the injection of 5 9 Fe), as well as the subsequent 
appearance of the t r a c e r in newly-formed red cells during the first 4 to 
24 hours, have a sound statistical value since they were based on the study of 
27 haematologically normal infants aged between 0 and 931 days, as mentioned 
before. The long-term studies and their results are based on the follow-up 
of five of these infants for a period of 2 to 4 months. A qualitative inter-
pretation of the results showed that in infants aged 0 to 1 day both the rate 
of disappearance and the rate of appearance of the t racer were greatly in-
creased above the normal range of healthy adults. In spite of some over-
lapping in the pattern a rather rapid decrease of the rate of 'disappearance' 
and 'appearance' was observed from the second day onwards. Between the 

4 GARBY, L . , SJÓLIN, S . , VUILLE, J. -C . , Studies on erythro-kinetics in infancy. IV. The long-

term behaviour of radioiron in circulating foetal and adult haemoglobin, and its faecal excretion, Actapaediat. 

53 (1964) 33. 
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age of 7 to 33 days, the rate of disappearance was of the same magnitude as 
that observed in adults, whereas the rate of appearance was substantially 
lower, resembling the pattern generally observed in hypoplastic anaemias.. 
From the second month onwards, both rates were again accelerated towards, 
and finally above, the normal values in adults. Long-term studies in 5 cases 
corroborated the later findings since after an initial very low incorporation 
of the tracer into red cells at the age of 5 to 25 days, a significant and rather 
rapid increase of red cell radioactivity was observed from the age of 1 to 
12 months. 

On the basis of a ferrokinetic model described by the workers (Model l)5 

five infants aged 1, 1, 5, 9 and 10 days respectively at the time of injection 
were analysed quantitatively. Model I included two exchangeable compart-
ments, one lateral 'storage' pool (S) and an exchangeable pool (M) between 
the plasma and the red cell precursors (P). Because of insufficient plasma 
radioiron data the size of the different iron pools and flows could not be 
determined with any reasonable degree of accuracy. This was not so r e -
garding the rate of haemoglobin synthesis, where enough data were avail-
able. The estimates of this parameter from different matchings to the 
experimental data of one and the same individual were consistent. At the age 
of 1 day, the estimated rate of haemoglobin synthesis amounted to approxi-
mately 1.2% per day of total circulating haemoglobin mass, thereafter de-
creasing very rapidly to 0.07% per day at the age of 9 to 10 days. E x t r a -
polation back to the time of birth yielded an estimate of 2 to 3%) per day for 
the rate of haemoglobin synthesis. The model used as a basis for these 
calculations has later been shown to be incompatible with experimental data 
on healthy adults and it has also been shown that the radioactivity in plasma 1 
or 2 days after injection should be measured to obtain a sufficient precision 
in the estimate of the rate of haemoglobin synthesis. The main reason for 
the incompatibility of the infant's model, while trying to apply it to adults, 
was shown to be the large size of the bone marrow non haem-iron pool. 

Regarding the shape of the 'appearance curve' in the youngest infants it 
probably suggests a premature delivery of red cell precursors to the circu-
lation, a finding which would be in accordance with the high percentage of 
'young' reticulocytes found in new-borns. 

(3) The rate of red cell destruction 

The rate of red cell destruction was investigated using the radioiron 
data mentioned before. Theoretically, a precise knowledge of the rate of 
haemoglobin production and of the variation in total circulating haemoglobin 
mass as a function of the individual's age would make possible the calculation 
of the rate of haemoglobin destruction. The available estimates of both the 
absolute rate of haemoglobin synthesis and of the changes in total haemoglobin 
mass in this age period are not precise enough, however, to allow such a 
calculation. By the use of figures for the relative rate of synthesis of HbF 
and for the rate of disappearance of HbF from the circulation as measured 
in several infants of different age it was possible to calculate figures for the 

5 VUILLE, J. -C. , Computer simulation of ferrokinetic models, Acta physiol. scand. 65 Suppl. 253 

(1965) 4. — 
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' relative' rate of destruction of HbF containing cells . F r o m several data 
it was concluded that the mean life-span of the HbF containing cells present 
at birth must be shorter than 83 days (120 days being the normal mean life-
span in adults). Simultaneously with the fall of the radioactivity in HbF an 
increase of the faecal excretion of the radioiron was observed, the peakbeing 
reached at about 90 to 100 days after injection. 

(B) Faecal excretion of iron in infants 

In 3 infants the faecal excretion of radioiron was recorded during 3 months 
after a single intravenous injection. In order to express the excreted radio-
activity in milligrams per day of unlabelled iron, the specific activity of the 
excreted radioiron has to be known. An approximate estimate of this speci-
fic activity could be derived from the simultaneously observed increase of 
the radioactivity in circulating haemoglobin and an assumed daily haemoglobin 
production of 2.5% per day of total haemoglobin mass. With this assumption, 
daily excretions of 0.032, 0.036 and 0.026 mg/kg respectively were calcu-
lated. These figures are about 3 to 6 times higher than the corresponding 
values in adults. 

(C) Studies on determination of red cell and plasma volume in infancy by 
simultaneous isotope dilution of 5 I Cr-labened red cells and 1 2 6I-labelled 
globulin 

The methodological controls gave excellent results regarding the validity 
of the method while testing it in an 'in vitro' system. The deviations in 
8 experiments were (red cell volume and plasma volume) + 0.6% and + 1.2%; 
+ 0.8% and + 0.9%; - 1.4% and + 0.1%; + 0.4% and - 1.1%; + 1.2% and +0.9%; 
- 1.8% and - 1.9%; -0.6% and - 0.6%; + 1.7% and - 1.8%. 

The overall precision of the method in vivo was estimated in 6 double 
determinations (two determinations one day apart) in 6 children below the 
age of 1 year. The results were (% deviation between first and second value; 
red cell and plasma volume) + 4 . 8 and + 3 . 7 ; - 0.3 and - 3.2; + 1.2 and + 2.2; 
+ 1.6 and - 0.9; + 3 . 5 and+3 .7 ; - 3 . 0 and-3.6. The precision was thus reason-
ably good. The validity of results with respect to 'in vivo' conditions is still 
at trial with special regard to the rate of initial disappearance of the labelled 
gamma globulin. 

(D) Studies on ferrokinetic models by means of digital computer techniques 

The following results were obtained: 
(1) The introduction into the model devised by the workers, based on a 

non-uniform distribution of iron uptake rates during precursor maturation, 
generally parabolic, did not significantly alter the resulting theoretical ap-
pearance curve in the case of a relatively big pool (M = exchangeable pool 
between the plasma and the red cell precursors) . The precursors were as-
sumed to take up iron from the pool M at a constant rate during their matu-
ration. An additional lateral 'storage' pool (S), also interchangeable, was 
included in the model. From the differential equations describing the changes 
of radioiron in the pools S, P and M, and with the assumption of a uniform 
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rate oí iron uptake during the time of maturation (T) it was possible to derive 
an analytical expression describing the content of radioactive iron in circu-
lating red cells as a function of time after injection. The curve fitting 
necessary to perform the work was automatically done on a digital computer 
(IBM 1620). 

(2) The amount of iron irreversibly fixed in haemoglobin each day as 
calculated on the basis of the model (14/25 mg/d) was consistent with the 
normal values predicted from total haemoglobin mass and an assumed red 
cell life-span of 120 days (mean 21 mg/d). 

(3) It was possible to fit both the initial slope of the disappearance curve 
and the whole appearance curve of the same individual by a different set of 
parameter values, yielding different estimates of the rate of haemoglobin 
synthesis. The range of possible solutions became very narrow, however, 
when the radioactivity in plasma 1 day after injection was taken into account too. 

(4) Model I, closely resembling the one described by Pollycove, in 
which the most important exchange of plasma iron was assumed to occur 
within the labile erythropoietic pool M, was found to be incompatible either 
with the later part of the disappearance curve as reported by other workers, 
or with the shape of the appearance curve, irrespective of the assumptions 
concerning the mechanisms of precursor maturation. A modification of this 
model (Model II), implying the distribution of the pool M among the precursors 
(intracellular non haem iron) and a rapid removal by the spleen of this non 
haem iron eventually present in the circulating erythrocytes, proved to yield 
compatible disappearance and appearance curves. The corresponding theo-
retical ratio haem radioiron/ total radioiron in bone marrow as a function of 
time after injection, however, was incompatible with available experimental 
data on this subject. 

(5) The second model (Model II), in which the exchange of plasma iron 
was assumed to occur mainly within a lateral pool (S), yielded theoretical 
disappearance and appearance curves which were compatible with experi-
mental data. The shape of the appearance curve, however, required the 
incorporation of some delay factor; this could be 'transit' pool of non haem 
iron, a very long maturation of the precursors and/or an asymmetrical distri-
bution of iron uptake rates as a function of precursor age or with the as-
sumptions of a maturation time of 7 to 8 days as proposed by Lajtha and 
Oliver (1960) and a significant feed-back to plasma from a very small 
erythropoietic non haem-iron pool and/or a certain amount of inefficient 
erythropoiesis. This last interpretation was considered as the most realistic 
one on the basis of the computer analysis. The simplest hypothesis satis-
fying these experimental data was found to be the assumption of death of 
red cell precursors around the point of delivery to the circulation and im-
mediate return of their iron to the plasma. It was demonstrated that both 
the mechanism of inefficient erythropoiesis and a significant feed-back of 
precursor non haem iron to the plasma were able to produce an acceptable 
fit of the appearance curve. 

The proposed model, which contains eight independent parameters, has 
moreover a few degrees of freedom concerning the distribution of iron-
uptake rates as a function of precursor age. This high degree of complexity 
was necessary in order to satisfy all experimental data. A severe mathema-
tical analysis of the procedure thus followed and provides not only compatible 
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solutions but also a measure of the degree of confidence for the estimated 
parameters . 

(E) Significance of diurnal and day-to-day variation of plasma iron concen-
tration with respect, to ferrokinetics 

Measurements of the so-called plasma iron turnover (actually outflow 
from plasma) may be subject to a rather high systematic e r r o r if measure-
ments of radioactivity are performed during a period of 3 hours or more, 
and the estimate of plasma iron content is based on a single determination 
at the time of injection. The accuracy of the estimate of outflow is increased 
if the rate of disappearance is recorded only during the first 30 min. This 
procedure cannot be recommended because of very low precision. Serial 
determinations of plasma iron concentration together with measurements of' 
radioactivity during a period of 2 to 3 hours increase both the accuracy and 
the precision of the estimate. Earlier results of repeated outflow measurements 
during a 24-hour period were discussed in the light of these considerations. 

Whatever the mechanism behind the diurnal variation of plasma iron 
content, the rate of haemoglobin synthesis can be calculated accurately from 
plasma and red cell iron data if plasma radioactivity is measured at 24-hour 
intervals and if the estimate of the initial slope is based on observations 
during a very short period (30 to 60 minutes). If, for higher precision, these 
measurements are extended to 3 or 4 hours, serial determinations ofplasma 
iron concentration have to be performed during the same period and as a 
starting point for the subsequent 24-hour interval the time to 2 hours 
after injection of the isotope should be chosen. The estimate of other ferro-
kinetic parameters , especially the size of hypothetical small exchangeable 
pools and their feed-back to plasma, may be subject to rather high e r r o r if 
radioiron experiments are started when plasma iron concentration is at an 
extreme value, i . e . in the morning or in the evening. The red cell radio-
iron curve may be looked upon as 'safe1 with respect to the diurnal variation 
of plasma iron content. 

Conclusions 

Many conclusions have already been mentioned while summarizing results 
in order to clarify the subject discussed. It should be added that the 1-minute 
alkali denaturation precipitation method used by the workers showed an im-
pressive statistical correlation with the spectrophotometric method. Results 
on the processes of red cell production and destruction in infancy allow to 
conclude that in infants aged 0 to 1 day both the rate of disappearance from 
the plasma and the rate of appearance of the t r a c e r were greatly increased 
above the normal range of healthy adults, "probably reflecting an increased 
rate of haemoglobin synthesis". 

The short- and long-term studies with radioiron suggest that the rate of 
haemoglobin synthesis is rather high at birth but decreases rapidly during 
the first days of life to very low values. Recovery of a normal rate of 
haemoglobin synthesis does not take place before the age of approximately 
2 months. Moreover, the results suggest that a considerable fraction of the 
radioiron injected during the 'hypoplastic' phase was directed to storage sites 
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from where it could be mobilized for haemoglobin synthesis when the bone-
marrow activity was recovered. All results tend to indicate also that the 

• rate of haemoglobin synthesis decreases by a factor of 15 to 20 during the 
first 10 days ¿f Ufe. 

Data on red cell life-span suggest that the red cells formed during the 
first weeks after birth have a somewhat shorter life-span-than the red cells 
of adults, and moreover, that the distribution of life-span is rather broad, 
a certain fraction of the population dying already after 60 to 70 days. On 
the basis of the results obtained it may be concluded that the reduction of the 
haemoglobin mass during the first months of life is mainly a consequence of 
decreased production, and that the effect of this erythropoietic inactivity is 
potentiated to a certain degree by a rather short life-span of the red cells . 
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' RESEARCH CONTRACT No. 158 

Title 

A radioisotope study of the relationship between erythropoietin production 
and various types of anaemias. 

Research institution 

Department of Biochemistry, Faculty of Medicine, University of Cairo, 
Kasr El-Aini, Cairo, United Arab Republic. 

Principal scientific investigator 

M.S. El-Ridi , 

Period of contract 

1 December 1962 - 28 February 1966. 

Scientific background and scope of project 

Anaemia is extremely common in Egypt and is mainly due to parasitic 
infestations such as bilharzia and hookworm. However, other causes are 
just as prevalent. It is possible that the anaemia of certain patients might 
have multiple causes, e . g . iron or vitamin deficiencies on the one hand, and 
parasi t ic infestations on the other. However, the exact aetiology of these 
anaemias, which in children are frequently associated with marasmus and 
kwashiorkor, can not be fully explained. Hence further work on this problem 
was, and still is, n e c e s s a r y . One promising line of approach was and is 
the investigation of a possible hormone mechanism and in particular the role 
of erythropoietin. The .levels of this hormone in the plasma might be a r e -
flection of the underlying cause of the anaemia and might also show some 
specificity for a given type of anaemia. Thus, plasma erythropoietin levels 
might s e r v e as a basis for a method to obtain quantitative data with which 
to a s s e s s the severity, the type and the value of various therapeutic agents 
in anaemia. 

The object of the work was to determine the erythropoietin (ERP) level 
in various clinical conditions as compared with the level in normal controls, 
to' study the relation of erythropoietin to ascorbic acid and the effect of 
experimental ascorbic acid deficiency on its production, to determine the 
efficacy of erythropoietin as a growth-promoting factor, as measured by its 
effect on bac ter ia l growth, and to study the effect of various factors in the 
plasma of the anaemic horse on erythropoiesis in the starved ra t . 
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Experimental method 

P a r t I. Clinical 

The modified Fr ied"s technique1 was used throughout. This gave r e -
producible and satisfactory results in the hands of the workers . F o r each 
patient 5 ra ts were used and for each batch of patients there was a control 
group of 5 ra t s . The average 5 9 F e uptake was calculated for each patient as 
the percentage of the injected dose. F r o m this figure the average per cent 
5 9 F e uptake was subtracted in the control ra ts . This gave the net increase 
of 5 y Fe over controls. 

Par t II. Experimental 

Several recent reports have appeared in the li terature on this subject, 
claiming that erythropoietin (ERP) is a non-specific growth-promotingfactor. 
The approach in most cases was to determine the effect of E R P - r i c h plasma 
on the ra te of growth of various t issue e x t r a c t s . The w o r k e r s decided to 
investigate this effect from another angle; by determining the effect of 
E R P - r i c h p l a s m a on the ra te of growth of b a c t e r i a in fluid medium. . The 
following procedure was adopted. Plasma was obtained in the usual way with 
aseptic precautions from 3 groups of individuals: 5 patients with s e v e r e 
post-haemorrhagic anaemia, 5 patients with severe anaemia due to chronic 
renal failure and 5 normal subjects. The E R P titre in all cases was deter-
mined by the usual procedure (see Footnote 1). All the 15 plasma samples 
w e r e tested for b a c t e r i a l s ter i l i ty . Those found contaminated w e r e then 
heated at 56°C for 1 hour daily for 6 successive days, and were then tested 
again for bac ter ia l contamination. All were then found to be s ter i le . The 
test organism was E . coli and the optimum dilution used is that giving r ise 
to 5 0 - 200 colonies per plate, by the pour-plate-technique. 

A ser ies of 15 sterile test tubes was set up. 4.5 ml peptone water plus 
2 .5 ml plasma plus 0.025 ml of bacter ial suspension (obtained from a stock 
culture incubated at 37°C for 18 hours) were added to the first tube. Serial 
dilutions were then made starting with 1 / 10 and ending with 1 /100 . The tubes 
were incubated for 48 hours at 37°C, then 1 ml of each dilution was added to 
15 cm 3 nutrient (agar method), then cooled to 25°C, poured in plates and left 
to solidify. They were thereafter incubated for 24 hours at 37°C. Colonies 
were then counted by lens. 

Results obtained 

Clinical 

(1) Normal subjects 

Twelve normal adults were examined and an average net i n c r e a s e of 
5 9 Fe uptake over control rats of 4.8% was found for the whole group. Control 

1 FRIED, W. , PLZAK, L. F. . JACOBSON, L. O. , GOLDWASSER, E., Proc. Soc. exp. Biol. Med. 94 

(1957) 237. 
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T A B L E I. HAEMOGLOBIN AND ERYTHROPOIETIN VALUES IN NORMAL S U B J E C T S AND S U B J E C T S WITH 
D I F F E R E N T PATHOLOGICAL CONDITIONS 

Condition 
No . 

of cases 

Average H b % values and m a x i m u m 

and m i n i m u m range of variation 

Average net increase 5 S Fe uptake 

over control rats and m a x i m u m 

and m i n i m u m range of variation 

Normal adults 1 2 93. 7 1 0 0 . 0 - 9 0 . 0 4 . 8 7 . 9 - 0 . 0 

Ancylostoma anaemia 4 0 4 0 . 3 5 9 . 1 - 19 . 0 1 9 . 3 51 . 0 - 7 . 1 

Ancylostoma anaemia plus 

liver cirrhosis 
3 9 5 0 . 3 70 . 0 - 33 . 2 10 . 7 34 . 0 - 2. 5 

Post-haemorrhagic anaemia 

(produced by controlled 2 0 5 0 . 0 50 . 0 - 50 . 0 1 3 . 0 3 8 . 3 - 3 . 9 

extraction of blood) 

A n a e m i a associated with 

chronic renal failure due 1 7 5 2 . 4 55 . 0 - 4 5 . 1 6 . 9 14 . 6 - 1. 3 

to bilharziasis 

Malignant reticulosis 24 5 3 . 1 7 9 . 1 - 3 8 . 2 9 . 7 2 4 . 4 - 2. 3 



rats are injected with saline instead of ERP and the reported iron utilization 
of 4.8% agrees with values reported by several workers. 

(2) Ancylostoma anaemia 

Forty cases of pure ancylostoma anaemia uncomplicated by disease of 
liver or kidney were studied. The average haemoglobin of the whole group 
was 40.3% and the average net increase of 5 9 Fe uptake over control rats was 
19. 3. 

(3) Ancylostoma anaemia complicated by liver cirrhosis 

Thirty-nine cases were studied, all had complicating liver cirrhosis of 
moderate or severe degree. The average haemoglobin of the whole group 
was 50.3% and the net increase in 5 9 Fe uptake was 10.7. 

(4) Post-haemorrhagic anaemia 

Twenty cases were studied and most of them showed high E R P titres 
comparable with those observed in pure ancylostoma anaemia. The average 
Hb of the group was 50% and the net increase of 5 9 Fe uptake was 13. 

(5) Anaemic subjects with chronic renal failure secondary to bilharziasis of 
the urinary tract 

Seventeen cases were studied, the average Hb of the whole group was 
52.4% and the average net increase of 5 9 Fe uptake was only 6.9. 

(6) Malignant reticulosis 

Twenty-four subjects with malignant reticulosis were studied. The 
average Hb of the whole group was 53.1% and the average net increase in 
5 9 F e uptake was 9.7. 

(7) Subjects with anaemia complicating active rheumatic fever 

Ten cases with active rheumatic fever and raised sedimentation rate 
were studied. The average Hb level was 59.5% and the net increase in 5 9Fe 
uptake was 8.4. The average plasma ascorbic acid level in these cases was 
0.49 mg%, estimated by Bessey's method while the average value of plasma 
ascorbic acid in ten normal subjects was 1.1 mg%. 

(8) Patients with anaemia presumably due to zinc deficiency 

Five cases were studied. In all of them there was no apparent cause for 
the anaemia, but the plasma zinc concentration was low by comparison with 
normal controls. The anaemia in these cases probably due to zinc deficiency 
responds to administration of zinc. No appreciable changes in the ERP titre 
could be observed. 
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All the above-mentioned results are summarized in Table I which also 
includes maximum and minimum values for Hb percentage and net increase 
of 5 9 F e uptake over control ra t s . 

Experimental 

As seen in Table II, the number of o r g a n i s m s in the media to which 
E R P - r i c h plasma was added is 6 - 7 t imes that found in normals o r in the 
u r a e m i c subjects . Both of the la t ter had very low E R P t i t re . 

Conclusions 

Clinical 

(1) At comparable degrees of anaemia, ancylostoma anaemia appears to 
behave like any other blood loss anaemia. This confirms the view that it, 
too, is merely due to chronic blood loss and not to toxic or other hypothetical 
factors . At least, if the latter plays a role it must be a secondary one. 

(2) Results on ancylostoma anaemia complicated by l iver c i r r h o s i s 
showed that there does not appear to be any marked general effect of liver 
disease on the development of a high E R P t i tre in this type of patients. In 
certain cases , however, the E R P titre was markedly low despite the severe 
degree of anaemia, e . g . in one c a s e (No. 4) the Hb level was 40% but the 
E R P ti tre was only 3.6, whereas in a comparable case of pure ancylostoma 
anaemia (No. 23) the E R P t i t re was 17.8 . Possibly, nutritional and other 
factors play a role in addition to the condition of the liver, and the finad ERP 
ti tre is the result of several factors, one of which is the state of the liver. 

(3) The 20 cases of individuals which were bled until a 50% Hb level was 
achieved showed high E R P t i t res comparable with those observed in pure 
ancylostoma anaemia. 

(4) Results obtained in 17 anaemic subjects with associated chronic 
renal failure due to bilharziasis of the urinary tract show a striking contrast 
to the resul ts obtained in chronic blood loss (post -haemorrhagic and 
ancylostoma). This supports the view that there is an impaired production of 
E R P in chronic renal failure, due to involvement of the kidney parenchyma, 
the probable main site of its production. 

(5) The E R P levels found in cases of malignant reticulosis were slightly 
lower than expected from the degree of the anaemia. Individual cases showed 
definite impairment in E R P production. This shows that in some c a s e s of 
reticulosis there is an impaired production of ERP, possibly due to involve-
ment of the kidney by the disease in itself or by the treatment. 

(6) Results on subjects with anaemia complicating active rheumatic 
fever showed a net increase in 5 9 Fe slightly lower than expected from their 
degree of anaemia. The low level of ascorbic acid found in those patients 
could be correlated with the impairment of E R P production. As shown later, 
experimental scorbutic guinea pigs have low E R P t i t res which do not r i s e 
significantly with the experimental induction of haemolytic anaemia. 
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T A B L E II. E F F E C T OF PLASMA OBTAINED FROM ANAEMIC 
S U B J E C T S ON B A C T E R I A L GROWTH 

HbCft) 

Net increase in 

5 9Fe uptake 

over control 

Bacterial 

count in 

millions 

Post haemorrhagic anaemia 

1 50 2 0 . 5 7 500 

2 5 0 1 2 . 0 5 400 

3 50 1 4 . 9 6300 

4 5 0 23. 6 7700 

5 50 30 . 6 5500 

Average 50 2 0 . 3 1 6480 

Chronic renal failure 

6 50 8 . 0 1100 

7 55 7 . 8 1500 

8 58 2 . 9 1020 

9 55 4 . 5 1030 

10 5 0 6 . 3 990 

Average 53. 60 5 . 9 1128 

Normals 

11 90 7 . 5 940 

12 95 5 . 5 960 

13 90 2 . 6 980 

14 95 4 . 3 910 

15 90 3 . 6 1100 

Average 9 2 4 . 7 978 

(7) No appreciable changes in the E R P titre could be observed in patients 
with anaemia presumably due to zinc deficiency. This may be due to the fact 
that the degree of anaemia was not severe in any of those cases. 
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Experimental 

Experimental results suggest that ERP may act as a non-specific growth-
promoting factor. Whether its effect in promoting erythropoiesis is due 
to this non-specific effect or to a specific action on the erythroblasts cannot 
yet be decided. 
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' RESEARCH CONTRACT No. 158 

Title 

Study of the gastrointestinal absorption of radioiodine-labelled thyroid 
hormones in patients with endemic goitre. 

Research institution 

Department of Internal Medicine, American University Hospital, Beirut, 
Lebanon. 

Principal scientific investigator 

N. Abu Haydar. 

Period of contract 

27 December 1962 - 30 June 1966. 

Scientific background and scope of project 

Lebanon is situated close to the sea. Nevertheless , the incidence of 
endemic goitre in the country is high in spite of the fact that food analysis 
has also demonstrated an adequate amount of iodine. This project was there-
fore aimed to determine the availability and utilization of various forms of 
orally fed iodine in an attempt to clarify the cause of goitre in a population 
presumably receiving an adequate daily supply of iodine in the diet. 

As model compounds 1 3 1I- sodium iodide, 1 3 1 I- thyroxine, 1311-tri-
iodothyronine and 1 3 1I-thyroid extract were used, as well as plant and animal 
t issues containing i 3 4 . This study was carr ied out in human volunteer pa-
tients as well as in r a t s . 

Experimental method 

White rats from the University Animal House were utilized in'the follow-
ing manner. Rats, kept on a normal diet, were fed 10 nCi of the test com-
pound which was introduced into the s tomach through a p r e m a t u r e infant 
feeding tube. A whole-body count was immediately m e a s u r e d utilizing a 
2- in, scintillation probe, c a r e being taken to keep constant geometry. The 
rats were then placed in cages specially equipped to collect urine and faeces. 

Blood samples (0. 2 ml) were obtained from the tip of the tail at intervals 
of 1, 2, 4, 8 and 48 hours. All samples were counted at 48 hours in a 2-in. 
well-type scintillation counter . At 48 hours the r a t s were sacr i f iced and 
various organs as well as the urine and faeces were counted in the s a m e 
manner as mentioned above. Thyroid extract, labelled with 131I was obtained 
by injecting intraperitoneally 1 /uCi Qf Na 1 3 1 I into a 6 kg dog which was 
sacrificed 72 hours later . The dog's thyroid was then removed, homogenized 
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and dialysed against physiological saline. The dialysis bag was then covered 
with Aquacid (Cal. Biochem. ) until semi-dryness. The content of the bag 
was then diluted to 25 ml with saline and kept frozen until use. Aliquots 
containing 10 nCi of radioactivity were subsequently fed by tube to the re -
spective ra ts . Na1 3 1I-thyroxine, 1 3 1I and 1 3 1I-tri-iodothyronine, obtained 
from Amersham, England, were appropriately diluted in saline and 10 AiCi 
were fed by tube to each rat. The experiments were also performed on rats 
made iodine-deficient by feeding them an iodine-free diet for two months. 

Experiments were devised to study the absorption and utilization of 
iodine when it is contained in the plant food and in the animal food. The 
experiments followed the same patterns as described above. As plant spe-
cimens lettuce leaves and roots of bean seedlings were used. 1 3 4 was in-
corporated in the plants by growing them in soil watered with radioactive 
inorganic iodide for two weeks. The incorporation was not high, yet in one 
instance, it was enough to give a dose of 10 /uCi to three rats. 

As animal food, muscle and liver of mice were used. Iodine-131 was 
incorporated in these tissues by injecting it to the mice, which were then 
sacrificed 72 hours after injection, and their tissues were used. 

The human subjects were ambulatory patients admitted to the wards 
because of complaints not related to the thyroid gland. The various forms 
of radioactive iodine substance were given orally to all patients. Each pa-
tient received a dose of around 20 mCí and was kept under study for 48 hours 
during which counts of his thyroid and liver were performed at intervals 
of 4, 24 and 48 hours, using a 2-in. probe and a single-channel pulse-height 
analyser. Blood samples were collected at 1, 2, 4, 8, 24 and 48 hours after 
administration of the dose. The radioactivity in the blood was determined 
in 3 ml aliquots. Urine and stools were collected over 48 hours and counted 
with a 2-in. scintillation counter as mentioned above. 

Results obtained 

Absorption and utilization of various forms of iodine 
by normal rats 

Table I shows the results obtained from normal rats subjected to the 
study. Nine rats were used in the experiment with Naisil, 11 with 
1 3ï-thyroxine and 12 with 131I-tri-iodothyronine and withal- thyroid extract . 
Results are given in te rms of per cent distribution of the dose at 48 hours 
for the thyroid, urine and faeces, and as the time in hours at which the peak 
of radioactivity was reached in the blood. 

Iodine-deficient rats 

Results on the iodine-deficient rats are presented in Table II. The 
number of animals used for each form is small, being 3 rats for Na1 3 1I, 
3 ra ts for 1311-thyroxine and 2 rats for isil-tri-iodothyronine. The pre-
sentation of the results is made following the same pattern as that described 
for normal rats. 
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T A B L E I. HANDLING OF VARIOUS FORMS OF INGESTED 
IODINE BY NORMAL RATS 

„ . , Number of . , , , 
Test material , in blood 

animals ' , (n) 

Per cent distribution of dose after 48 h 

Peak of activity mean and standard deviation 

Thyroid Faeces Urine 

Inorganic iodide Na131I 9 2 .3 

Thyroxine Ш 1 11 6 

Tri-iodothyronine Ш 1 12 5.3 

Thyroid extract Ш 1 12 2 .4 

1 - 4 a 
5.9 ± 4. 6 3. 6 i 2 .1 57 ± 12.5 

4 - 8 a 3.7 ± 2. ,4 47 ± 16.5 24 ± 9 .3 

4 - 8 a 
0.8 ± 1. ,7 38 ± 13.1 32 ± 9 .3 

1 - 4 a 
2 .6 ± 1, ,7 14. 7 i 4 . 1 31.1 ± 7.0 

a 
Range. 

T A B L E II. HANDLING OF VARIOUS FORMS OF INGESTED 
IODINE BY IODINE DEFICIENT RATS 

Per cent distribution of dose 

. , Peak of activity after 48 h as mean 
. , Number of , , , 

Test material in blood 
animals ^ 

Thyroid Faeces Urine 

Inorganic Iodide Na 1 3 I I 3 

Thyroxine 131I 3 

Tri-iodothyronine 1311 2 

2 39.8 4.23 31 

8 17.3 26.2 18. .6 

2 8 .9 1.8 10. .5 

Absorption and utilization of natural food iodines 

Results are shown in Table III. The number of animals which were 
fed with plant and animals iodine was small. The results were not con-
clusive, but they point towards a different utilization of inorganic iodide 
when fed to normal rats , since very little was concentrated in the thyroid 
and much was excreted in the urine. The absorption of food iodine also 
seems to be less than that of inorganic iodide. 

Absorption and utilization of iodine by human patients 

Table IV shows the average results obtained in patients as well as the 
maximum and minimum values. The time at which the peak activity is 
reached is given in hours. The peaks of radioactivity were reached in all 
cases and for all substances at 1 - 4 hours in the blood, 4 hours in the liver 
(except for two patients where the peak was reached at 24 hours) and at 
24 - 28 hours in the thyroid with a tendency of slower peaks in the case of 
patients fed with thyroid extract . 

1 4 1 



T A B L E III. P E R C E N T A G E OF RADIOACTIVITY R E C O V E R E D IN RAT 48 h A F T E R THE FEEDING 
O F ANIMAL AND PLANT TISSUES INCORPORATED WITH 1 3 1 I 

Per cent radioactivity after 

feeding of roots of 

bean seedlings grown 

in soil 

Per cent radioactivity after 

feeding of leaves of 

lettuce seedlings grown 

in liquid medium 

Per cent radioactivity after 

muscle feeding 

Per cent radioactivity after 

liver feeding 

A A В A A В С 

Faeces 23.5 10.2 3 12.8 10.8 16 12.5 

Urine 46.6 49 .5 49 53 42.5 31 40 

Thyroid 1.5 2.0 8.2 0 2 .2 1 .9 7 .6 

Liver 0 0 0 .6 0 0 .4 0 0 .43 

G . I . - - 3.18 4 . 5 8.45 3.67 0 .75 

Carcass 1.5 1 .3 13 0 .34 3 .7 1.05 1 .7 

Dead body 4 .3 6 .5 14.8 15 5 .1 17.2 



T A B L E IV. ABSORPTION AND UTILIZATION OF IODINE B Y HUMAN S U B J E C T S 

Substance fed 
Number of 

patients 

T ime to reach peak activity (h) Per cent activity at peak in 

Substance fed 
Number of 

patients 
Blood Liver Thyroid Thyroid Urine Stools Liver3 

Inorganic iodine Na131I 3 

Average 1.6 4 24 35.5 26.7 • 4 .26 10.6 

Max imum and m in imum values 2 - 1 4 24 53.5 - 41 .2 30.7 - 23 .4 6 - 1 . 9 2 14.3 - 6 .6 

Thyroxine 1311 7 

Average 2 .8 7 .3 36 16 2.95 23.8 28.9 

Max imum and m in imum values 4 - 1 24 - 4 48 - 24 32.3 - 13 6 .4 - 0 .1 49 - 40 68.4 - 4 .2 

Tri-iodothyronine-131I 6 

Average 2 .5 7 .3 28 17.54 9 10.2 23.4 

Max imum and m in imum values 4 - 1 24 - 4 48 - 24 3 0 - 7 . 4 1 2 . 1 - 5 . 6 1 2 - 6 44 .5 - 13.6 

Thyroid extract-131I 7 

Average 2 4 38 .4 42.8 15.4 9 .2 27 .5 

Max imum and m in imum values 2 - 1 4 48 - 24 53.5 - 22.6 28.1 - 11.8 23 - 1 .2 100 - 7.2 

a Relative figures were obtained by measuring the counts over the liver and correcting for the given dose. 



Conclusions 

The utilization of iodine by normal rats 

Results tend to indicate that while inorganic iodide and thyroid extract 
were quickly absorbed, other forms were absorbed more slowly. This is 
evident from the peak of concentration in the blood. It is also evident from 
the small amounts recovered in the faeces and the gastrointestinal tract in 
the case of Na131I, that the absorption of iodide was virtually complete while 
a fraction from the labelled thyroid extract was not absorbed. The uptake of 
iodine by the thyroid was extremely low for tri-iodothyronine, higher for 
thyroxine and thyroid extract , and highest for inorganic iodide. 

Absorption and utilization of iodine compounds in the iodine-deficient 
rats as compared to normal rats 

It is apparent from Tables I and II that the two groups of animals meta-
bolize iodine with the same general pattern. In addition, it is seen that: 

(1) With Na1 3 1I feeding, although the number of the iodine-deficient 
rats was small, the absorption is virtually complete in the iodine-deficient 
as well as in the non-deficient rats . However, in the normal rats, much 
l a r g e r amounts of 131I a re excreted in the urine, whereas in the iodine-
deficient rats smaller amounts of 131I show in the urine, the difference ap-
pearing in the thyroid. 

(2) The absorption of 1 3 1I-thyroxine and 1 3 1I-tri-iOdothyronine from 
the intestine is greatly improved in the iodine-deficiency rats . Also, both 
substances seem to be excreted less in the urine and preserved in the thyroid 
in the case of iodine-deficient rats. 

Absorption and utilization of iodine by human subjects 

The fast peak reached in the blood, in addition to the low excretion of 
radioactivity in the faeces , as compared to ra ts suggest that in man the 
various forms of radioactive iodine are better absorbed than in the rat. In 
all c a s e s and for all substances the concentration of radioactivity in the 
thyroid is rather high (similar to iodine-deficient rats), with radioactivity 
from thyroxine and tri-iodothyronine being less concentrated in the thyroid 
than in organic iodide and thyroid extract . 

Radioactivity from thyroxine and tri-iodothyronine was also less ex-
creted in the urine than either iodide or thyroid ext rac t . The liver con-
centrated the least amount of radioactivity from the various forms of radio-
active iodine while there was a wide scat ter of values in the different 
patients. The concentration in the liver did not bear a direct or an inverse 
relationship to the utilization by the thyroid. In conclusion it seems that the 
different forms of iodine are utilized quite differently with iodide and thyroid 
ex t rac t being better absorbed and more concentrated in the thyroid than 
thyroxine and tri-iodothyronine. Differences also exist between iodine-
deficient and non-iodine-deficient rats in that the former utilize iodine better. 
It also seems that the human Subject behaves like the iodine-deficient animal. 
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Additional studies performed by the workers have shown that the Lebanese 
diet does not contain as much iodine as claimed and they conclude that 
patients are absorbing iodine in a normal fashion and are also utilizing it 
adequately. 

Of interest is the fate of iodine incorporated into plant t issue. The 
incorporated radioactive iodine is less well absorbed than Na 1 3 1 I and as 
well as thyroxine and tri-iodothyronine. However, most of the radioactive 
iodine appears fairly promptly in the urine, with a small fraction appearing 
in the thyroid. The workers have not yet been able to explain this phenomenon. 
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' RESEARCH CONTRACT No. 158 

Title 

A dynamic study of thyroxine deiodination in humans, using a double-
t r a c e r technique. 

Research institution 

Department of Nuclear Medicine, I s rae l Atomic Energy Commission, 
Yavaneh, Israel . 

Principal scientific investigator 

M. Anbar. 

Period of contract 

20 December 1962 - 19 December 1965. 

Scientific background and scope of project 

The importance of the peripheral degradation of thyroxine as a para-
m e t e r of thyroid function was emphasized in several investigations during 
the last decade 1.2,3 _ д correlation was found between the rate of turnover 
of the hormone and the thyroid state, as determined by prevailing diagnostic 
methods. In these studies the rate of plasma disappearance was followed 
for about 2 weeks and the biological half-life of thyroxine was determined 
by extrapolation techniques. The half-life of 13Ц-thyroxine in the plasma 
of normal subjects ranged from 6 to 8 days, whereas in hyperthyroidism 
it was found to be as short as 3 days. In hypothyroidism half-lives of about 
10 days were found. In a series of studies, age-dependent changes in thyroid 
function and a significant d e c r e a s e of the rate of thyroxine turnover with 
age in euthyroid subjects were observed. 

In all methods used so far the determined rate of plasma disappearance 
of radiothyroxine is the combined result of ail degradation and excret ion 
p r o c e s s e s . Since deiodination is the major catabolic pathway of thyroxine, 
it was the purpose of this study to follow directly the kinetics of this problem 
alone. 

The process of deiodination might be followed by determining the build-
up of inorganic iodine originating from thyroxine. However, the great 

1 STERLING, K. , LASHOF, J .C . , MAN, E. B. , Disappearance from serum of I131-labeled 1-thyroxine 

and 1-triiodothyronine in euthyroid subjects, J. clin. Invest. 33 (1954) 1031. 
2 INGBAR, S.H. , FREINKEL, N . , Simultaneous estimation of thyroxine degradation and thyroid hormone 

synthesis, I. clin. Invest. 34 (1955) 808. 

s STERLING, K. , CHODOS, R. B. , Radiothyroxine turnover studies in myxedema, thyrotoxicosis and 

hypermetabolism without endocrine disease, J. clin. Invest. 35 (1956) 806. 
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number of parameters determining iodide metabolism in man (thyroidal and 
kidney renewal rate, pool phenomena, e t c . ) 4 makes it impossible to estimate 
direct ly the rate of deiodination of thyroxine without making f a r - r e a c h i n g 
assumptions 5 . To cope with this problem a double-tracer method was de-
vised by which the rate of build-up of iodide, which originates from labelled 
thyroxine, is followed simultaneously with the aid of a different radioisotope 
of iodine. In an e a r l i e r attempt 1 3 1I-thyroxine and 1 3 2I-iodide were u s e d 6 

but the short physical half-life (2. 3 hours) of 1 3 2 I was a major draw-back, 
limiting its applicability. In the present study 1 2 5I-thyroxine and m I - iodide 
were used. 

Experimental method 

L-thyroxine labelled with 1 2 5I (50 nCi in 505 propylene glycol solution) 
was injected intravenously into the examined subject, 48 hours before an 
injection of isil-iodide. During this period complete equilibrium of the thy-
roxine within its space of distribution is obtained, whereas any labelled im-
purities a r e e x c r e t e d . On the day of examination 10 /^Ci of c a r r i e r - f r e e 
1 3 1I-iodide were injected intravenously. The subjects were allowed to con-
tinue their daily activity. Urine and blood samples were collected simultané 
eously 4, 6 and 8 hours after the injection. Aliquots of plasma and urine 
were taken for the determination of the radioactivity. 

To the urine samples a few grains of an anion-exchange resin (Dowex 
1 - Х - 1 0 ) were added to absorb the iodide and thereby attain better geometrical 
conditions for counting. The radioactivity of the samples was determined in 
thin-wall cel lulose-ni t rate test tubes in order to minimize the absorption 
of the low-energy gamma radiation of 1 2 5 I . 

The radioactivity of both 1 2 5I and 131I were simultaneously determined 
by means of a counting set-up consisting of a well-type scintillation detector, 
two single-channel pulse-height analysers and two s c a l e r s , the analysers 
being set at the proper channels to count each radioisotope. To determine 
the contribution in channel A (20 - 40 keV) due to 1 3 1I (channel В being set 
between 100 - 400 keV) a standard sample of 131I was measured and the ratio 
R of count rates of 131I was calculated, i . e . 

^ _ 131I counts/min in channel A 
131I counts/min in channel В 

The instruments were set to obtain a ratio R of 0. 05 or l e s s . F r o m 
the count r a t e s in both channels the corresponding net count r a t e s of 131I 
and 125I were calculated. The count rate of 1 3 1I (Св) was obtained directly 
f rom channel B. The count rate of 1 2 5 I was calculated by subtracting the 
fractional contribution of 131I from the total count rate in channel A (CA), e . g . 

counts/min 1 2 5I = CA - CBR 

* RIGGS, D. S . , Quantitative aspects of iodine metabolism in man, Pharmac. Rev. 4 (1952) 284. 

5 INGBAR, S.H., FREINKEL, N., "Regulation of the peripheral metabolism of the thyroid hormones", 

Recent Progress in Hormone Research 16 (1960) 353. 

6 ANBAR, M. , "Application of iodine-132 in studies of thyroxine turn-over", Production and Use of 

Short-lived Radioisotopes from Reactors, IAEA, Vienna (1963) 147. 
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The rate of deiodination was calculated as follows. 
The composite rate of degradation of thyroxine may be expressed by 

- d T 4 / d t = k d T 4 + k a T 4 (1) 

where kd is the velocity constant of deiodination of thyroxine and k3 is the 
corresponding constant for other degradation and excretion processes. As 
mentioned above, к a may be calculated by following the liberation of iodide 
(I") originating from the labelled thyroxine in the organism. Its concentra-
tion in the plasma depends on two parameters — the rate of deiodination 
of thyroxine and the rate of iodide removal. This may be expressed by 

d r / d t = kdT4 - к с Г (2) 

where k c is the velocity constant of iodide removal from the plasma (renal, 
thyroidal and other). In humans, the relative rates of deiodination (kd)and 
iodide removal (kc) are about 1 : 7 0 , 7 thus a steady-state concentration of 
iodine in the plasma is maintained. Under normal conditions there is no 
change in the iodide level, thus dl"/dt is equal to zero and 

к „ = к с ( Г / Т 4 ) (3) 

The rate of deiodination can thus be evaluated from the rate of iodide r e -
moval (kc) and the steady-state concentration of iodide originating from the 
labelled thyroxine ( I " / T 4 ) . Since the labelled iodide originating from thy-
roxine is of the order of 1 - 2% of the total labelled iodine content in the 
plasma, it is impossible to determine its value directly with sufficient ac-
curacy. On the other hand, iodide is selectively excreted by the kidneys 
and under conditions of normal renal function no protein-bound iodine is 
excreted in the urine. When 131I-iodide is administered and is allowed to 
equilibrate with 125I-iodide, which originates from the deiodination of 125I-
thyroxine, both radioisotopes will be excreted in the urine at a rate pro-
portional to their relative concentration in the plasma. This makes it pos-
sible to calculate the concentrations of 1 2 5I-iodide in the plasma ( 1 2 5 I p ) 

131I " i l 131ID X m I T I 
P o r 125Id = _ _ £ (4) 

125T 125t P 131t 

where 1ц and I p are the concentrations of iodide radioisotopes in urine and 
plasma respectively. The radioactivity in urine, 131It, and 1 2 5IU , represents 
inorganic iodide only (except in proteinuria where the protein-bound fraction 
may be separated). 

1 2 5I plasma radioactivity is at least 98% that of thyroxine; thus at first 
approximation it is equal to that of P B 1 2 4 . 

1 3 1IP , the activity of 131I-iodide in the plasma, is determined after the 
separation of the plasma protein-bound iodine (PBI) by the usual techniques. 

7 GREGERMAN, R. I. , GAFFNEY, G . W . , SHOCK, N. W . , Thyroxine turnover in euthyroid man with 

special reference to changes with age, J. clin. Invest. 41 (1962) 2056. 
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In euthyroid and hypothyroid subjects this 1 3 1I plasma radioactivity is at 
least 95% iodide during the period of examination (8 hours). It is thus a 
measure of 131Ip and does not necessitate PBI separation. Subjects with a 
high conversion ratio obviously require PBI separation. 

Substituting into Eq. (3) 

k d = k c 

i31Ip X !251и 

131 IT, X PB 1 2 5 I 
(5) 

The values of k c (the rate of plasma disappearance of iodide) is calculated 
from Eq. (6) 

/ dt = k c 
131 It 

On integration it yields 

ln(131Ip)ti/(
131Ip)t2 = k c ( t 2 - t l ) 

(6) 

(7) 

where the indices refer to the beginning and the end of a time interval. The 
above equation may also be written 

k c = (2. 303/At) l o g ( ^ I p ) t i / ( ^ i I p ) t (8) 

t 2 - t j = At, expressed in hours. 
The specific rate constant of deiodination, kj, for an interval At is then 

calculated substituting the average values of plasma and urine radioactivities 
at the beginning and the end of the time interval 

kd = (l /At) X | X ( 1251ц/ 131i[j X 125Ip/PB1 , ic ,I) t i 
125T 

( B I „ / U \ X 131Ip/PB126I), X2..3 [log( 1 3 1Ip) t i /( 1 3 1Ip) t ; 

The half-time of deiodination in days is then calculated 

0. 693 
Ц (days) к , X 24 d 

The ratio of free to protein-bound thyroxine was determined by the equi-
librium dialysis method according to Oppenheimer's method8. 

8 OPPENHEMER, J.H. . SQUEF, R. . SURKS, M . I . , HAUER, H. , Binding of thyroxine by serum pro-

teins evaluated by equilibrium dialysis and electrophoretic techniques, J. clin. Invest. 24 (1963) 486. 
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Results obtained 

Normal subjects 

The rate of deiodination was determined in 165 euthyroid subjects, male 
and female, who were in good health. The age group was between 18 and 
86 years . No difference was observed between the two sexes. 

The analysis of the data obtained reveals an age-dependent change in 
the rate of deiodination. Figure 1 and Table I demonstrate the relationship 
of thyroxine deiodination to age 9 . It can be seen that the change in the half-
time of deiodination with age is linear and highly significant, especially 
between the ages 18 and 60 years (r = +0. 71, p < 0. 01). From values pre-
sented in Table I it can be seen that there is an increase in the half-time 
of deiodination from 8. 5 days in the third decade to 13. 1 days in the sixth 
decade, beyond which no significant increase is observed. On the other 
hand, no significant differences in the 24-hour 131I uptake in the thyroid gland 
were observed over the whole age range. 
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FIG. 1. Half-time of thyroxine deiodination of subjects of different ages 

From the calculated values of rates of deiodination and the overall turn-
over it was demonstrated that the excretory pathways of thyroxine, which are 
mainly faecal, increase slightly with age. It was also shown that the con-
tribution of deiodination to the overall turnover somewhat decreases with 
age (Fig. 1). 

» GAFFNEY, G . W . , GREGERMAN, R . I . , SHOCK, N . W . , Relationships of age to the thyroidal 

accumulat ion, renal excretion and distribution of radioiodide in euthyroid man, J. cl in. Endocr. Metab. 22 

(1962) 784. • . 
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T A B L E I. MEAN H A L F - T I M E VALUES OF THE RATE OF 
DEIODINATION OF THYROXINE 

Mean age 

(yr) 

Age range 

(yr) 

Number of subjects Deiodination, t^ 

(d ±SD) 

24. 7 18-33 60 8 . 5 1 3 . 1 

41. 7 34-50 58 10. 5 i 2. 4 

54 51-57 36 13. 1 ±2. 7 

74.6 62-85 11 13. 1 i 2 .2 

T A B L E II. THE H A L F - T I M E OF DEIODINATION OF THYROXINE 
IN THYROIDAL DISORDERS 

Patient Age 

(yr) 

24-hours 1311 uptake 

№ ) 
H 

(d) 
Notes 

S .A . 75 86 6 .1 Hyperthyroidism 

K.R. 50 50 4 .2 Hyperthyroidism 

F. H. 50 6. 0 Hyperthyroidism 

F. A. 54 2. 0 18.5 Hypothyroidism 

P.S. 40 7.2 21.2 Hypothyroidism 

Z..B. 75 94 28.6 Toxic adenomatous goitre 

6 weeks under PTl l a treatment 

J .C . 47 2. 1 16.2 Normal subject receiving 

PTU 7 days 

H. A. 58 <1 9.2 Post thyroidectomy with 

thyroidin (100 mg/d) 

replacement 

R. N. 20 52 8.4 Congenital defect of enzymic 

coupling 

B. H. 57 78 10. 9 Hyperthyroidism 

C.B. 39 8 28.6 Hypothyroidism 

R .M . 45 52 10.6 Hyperthyroidism 

a PTU = Propylthiouracil. 

Thyroidal disorders 

Studies were carried out in 50 patients with thyroidal diseases diagnosed 
by prevailing methods. In hyperthyroids the rate of deiodination was in-
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creased by a factor of 2 to 3. In the hypothyroid patients examined it was 
decreased and half-lives as high as 28 days were obtained. Results are 
presented in Table II. 

The effect of certain drugs known to affect either thyroid function or 
thyroxine metabolism was examined. Thyroid hormones, when administered 
to a group of subjects for several days, induced an increase in the rate of 
deiodination without clinical manifestations. The half-life of deiodination 
was markedly increased in hyperthyroid patients treated with propylthio-
uracil even before clinical improvement was observed. The rate of deiodi-
nation in patients receiving radio-opaque iodine containing substances did 
not deviate from the normal values, although the 24-hour 13:4 uptake in the 
thyroid gland was markedly affected. 

Malignant disease 

The thyroid gland function in patients suffering from malignant diseases 
did not exhibit any significant deviations from normal ranges. Eighty-two 
patients were studied with the method developed by the workers and it was 
shown that the rate of deiodination in the majority of this group was 
decreased. The extent of the decrease could be correlated with the severity 
of the disease. On the other hand, no correlation could be found between 
specific malignant disease and the rate of deiodination. The 24-hour i 3 1I 
uptake in all these patients was found to be in the normal range. 

The increased range of deiodination when the uptake is normal implies 
a decrease in the concentration of free thyroxine. The ratio of free 
to protein-bound thyroxine of these patients was determined in part and found 
to be decreased parallel with the rate of deiodination. 

Conclusions 

The half-life of deiodination of thyroxine was found to vary between 
narrow limits (± x% variance) of a certain age group which indicates a feed-
back regulated process. Under normal conditions the deiodination process 
accounts for about 80% of the total metabolism of thyroxine. This percentage 
differs significantly in different species, thus deiodination accounts for only 
about 50% of thyroxine turnover in rats . The analysis of the data of total 
turnover and deiodination shows that the half-life of thyroxine deiodination 
increases with age to a greater extent than the overall turnover. In thyroidal 
disorders the rate of deiodination changes parallel with other function tests, 
being however independent of factors interfering with the glandular function 
tests . 

In neoplastic disease the rate of deiodination was decreased. The ex-
tent of decrease was marked in several ill patients. No correlation with 
specific types of disease could be revealed. 

A direct correlation was found between the ratio of free to protein-bound 
thyroxine in the plasma and the rate of deiodination of thyroxine. These data 
support the assumption that the level of the circulating free thyroxine is the 
most important regulating factor in thyroxine metabolism. 
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Papers published on work done under the conti'act 

ANBAR, M . , GUTTMANN, S. , RODAN, G . , STEIN, J. A . , The determination of the rate of deiodination 

of thyroxine in human subjects, J. cl in. Invest. 44 12 (1965) 1986. 
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' RESEARCH CONTRACT No. 158 

Title 

A radioisotope study of body composition during malnutrition. 

Research institution 

Laboratory of Experimental Surgery, University of Louvain, Louvain, 
Belgium. 

Principal scientific investigator 

J . - J . Haxhe. 

Period of contract 

1 February 1963 - 31 January 1966. 

Scientific background and scope of project 

One of the most important advances that has come from the use of radio-
active t r a c e r s is the increase in our knowledge of the composition and dis-
tribution of body constituents, the so-called 'chemical anatomy'. A con-
siderable number of studies of this nature has been made in both man and 
animals in health and disease which has not only led to a better understanding 
of our knowledge of the basic physiology of the body but also thrown light 
on some of the pathological mechanisms involved which cause disturbances 
of the distribution and qualities of normal body parameters. This, in turn, 
has led to considerable improvements in the diagnosis and therapy of many 
diseases where such changes take place. One condition which had not r e -
ceived quite so much attention is that of the effects of malnutrition on body 
composition. One reason for this was that, although extensive studies on 
malnourished populations and patients suffering from wasting diseases, such 
as cancer, had been made, they have been of limited value since in some 
c a s e s the malnutrition is caused by the intake of insufficient quantities of 
food (i .e . diminution in calorific intake) whilst other cases have been caused 
by deficiencies in the quality of the diet due to the absence of vitamins and 
other accessory food factors. The workers have been carrying out studies 
on the subject of body composition both in human patients and in animals 
(dogs) but have only turned their attention to the effects of malnutrition one 
year before the starting of this contract. Their work showed that malnutri-
tion in dogs leads to a decreased red cell volume with an unaffected plasma 
volume. The reduced red cell volume could be correlated with the decrease 
during starvation of the lean body mass, i . e . the non-fatty constituents of 
the body. 

These changes were reflected by variations in total exchangeable 
potassium measured by 4 2K and were confirmed in some cases by a direct 
muscle biopsy. All the measurements were made at frequent intervals. 
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firstly during a control period, secondly during a period of starvation and 
thirdly during a period of refeeding, the effect of this latter measure being 
to reverse the changes back to control values. The contractors have thus 
drawn the tentative conclusion that the fall in red cell mass they have ob-
served could be explained by a diminished need of oxygen by the body in 
view of the loss of lean body mass. This theory is to some extent confirmed 
by the observations made in patients who have undergone major surgical 
operations. On the basis of their initial findings the contractors proposed 
to c a r r y out the studies detailed in the following chapter. 

Expeximental methods 

(1) The concept of adaptive anaemia in hypovolaemia 

The workers measured simultaneously and directly seven body com-
partments: the plasma volume by Evans blue dye, the red cell volume by 
red cells labelled with 51Cr, total water by tritiated water, the extracellular 
fluid and exchangeable chlorine by 8 2Br, and the exchangeable sodium and 
potassium by 24Na and 42K respectively. The validity of these procedures 
has been established and the technique has been described in detail. 1 . 2 . 3 

This method can be used really to 'dissect1 the body structure. Firs t , 
the total fluids and solids obtained by the difference between weight and total 
water (H20) can be considered; three sectors, vascular, extracellular and 
cellular can be distinguished. In the vascular sector the red cell volume 
(R. C. ), the plasma volume (P. V. ) and the haematocrit (Ht) are measured 
and the blood volume (В. V . ) is calculated. 

In the extracellular sector the extracellular fluid (H20), the exchange-
able sodium in 24 hours (Nae) and the exchangeable chlorine (Cle) are 
measured. In the cellular sector the exchangeable potassium is determined 
(Ke) and the intracellular liquid (H 2 0 ) and the mean intracellular potassium 
concentration (Kj) are calculated. 

To produce a state of balanced undernutrition, five dogs weighing from 
18 to 28 kg were subjected, after a control period, to a progressive r e -
striction of the caloric intake until their weight was reduced for 25% to 30% 
for 2 months. The dogs were then refed. The normal food ration (1500 cal) 
was progressively reduced to 375 cal/d at the end of the 4th week, and was 
then maintained at 150 cal from the 5th to the 9th week. The experiments ex-
tended over a period of 18 weeks. Each animal was subjected to nine series 
of determinations of the body compartments: two before undernutrition, five 
during the period when they were losing weight, and two during refeeding. 

1 MOORE, F. D. , McMURREY, J. D. , PARKER, H. V. , MAGNUS, I. C. , Body composition; total body 

water and electrolytes: intravascular and extravascular phase volumes, Metabolism 5 (1956) 441. 

г MOORE, F. D . , MULDOWNEY, F.P., НАХНЕ, J. J., MARCZYNSKA, A. W., BALL, M.R . , BOYDEN, C .M. , 

Body composition in the dog. I. Findings in the normal animal, J. surg. Res. 2 (1962) 245. 

3 HAXHE, J . J . , Mesures des compartiments corporels: Méthodes et résultats, J. Physiol. (Paris), 56 

(1964) 7. 
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(2) Variations in cardiac output during malnutrition 

Cardiac output was measured by radiocardiography in dogs anaesthetized 
with chloralose. Albumin from the dogs, prepared from plasma by pre-
cipitation withtrichloro-acetic acid followed by extraction in alcohol and dia-
lysis (Schwert (1957) and K o r w e r (1956)) 4, 5 w a s labelled with 1311 by the 
method described by McFarlane ( 1958) 6 . At the time of the measurement, 
the animals were anaesthetized with 1% chloralose in physiological solution 
(dose 100 mg/kg). An Alvarez-Rodriguez (US Catheter and Instrument 
Corporation) No. 8 probe (1 m long) was introduced through the femoral vein 
to just below the diaphragm. A scintillation counter (2-in. crystal) fitted 
with a collimator with a central conical piece (half-value angle 10°), as de-
scribed by Hallberg and Veall (1962) i, was placed perpendicular to the skin 
in the exact site as shown by radioscopie examination. The scintillation 
counter was coupled to a linear ratemeter (lagbear clinical ratemeter type 
D 4130) with a recorder. The radioactive albumin was injected by means of 
rapid jet equipment. An amount of 0. 2 to 0. 5 ml of albumin (or 3 - 4 /uCi/kg) 
was administered by injecting 10 ml of physiological solution. The phenome-
non was recorded at a speed of 12 in/min with an inertia constant of 0. 5 s 
on a scale of 1000 counts/s . The plateau was recorded after equilibrium 
was reached (6 to 7 min) with an inertia constant of 10 s. The cardiac out-
put curves were analysed by planimetry. Calculation of the cardiac output, 
the red cell output and the plasma volume was carried out by the method of 
Lammerant (1957)8. F r o m the biphasic curves obtained, it was possible 
to calculate the mean pulmonary circulation time and the pulmonary blood 
space. All the measurements of cardiac output were made three times, 60, 
90 and 120 min after the beginning of anaesthesia. 

The exchangeable potassium was determined 3 to 4 days before each 
measurement of the cardiac output. 100 /uCi of 4 2 K were injected intra-
venously, and measurements of radioactivity and dose by flame photometry 
were made on a urine sample taken from 21 to 24 hours after administration 
of the t racer . The urine samples were treated with anion-exchange resins 
(Amberlite Ira 400 Cj) to remove the free 131I resulting from catabolism of 
the labelled albumin used to measure the cardiac output. The radioactivity 
was determined in a thick-walled (200 m g / c m 2 ) Geiger-Müller counter for 
use with liquids, as described by Veall (1948)9 . Four dogs weighing between 
24 and 31 kg were used for these experiments. During the control period, 
they received 500 mg of dry food supplying 1500 cal. After control measure-
ments of the exchangeable potassium, the vascular components and the cardiac 

4 SCHWERT, G. W. , Recovery of native bovine serum albumin after precipitation with trichloracetic 

acid and solution in organic solvents, J. Am. chem. Soc. 79 (1957) 139. 

5 KORWER, A. , Solubility of albumin in alcohol after precipitation by trichloracetic acid: a simplified 

procedure for separation of albumin, Nature 178 (1956) 1067. 
6 McFARLANE, A. S. , Efficient trace-labelling of proteins with iodine. Nature _182 (1958) 53. 
7 HALLBERG, L. , VEALL, N. , Sodium iodide crystal of well-type for in-vivo gamma ray measure-

ments, Acta radiol. j>8 (1962) 210. 

8 LAMMERANT, J. , Le volume sanguin des poumons chez l ' homme, Ed. Arscia, Brussels (1957). 

9 VEALL, N. , A Geiger-Müller counter for measuring the beta-ray activity of liquids and its application 

to medial tracer experiments, Br. J. Radiol. 21 (1948) 347. 
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output, the food ration was progressively reduced as in the previous ex-
periments (section (1)). The measurements were repeated after 4, 8 and 
11 weeks of malnutrition. 

(3) The fate of red blood cells transfused during malnutrition 

Aschkenasy (1961)10 has shown that erythropoiesis is blocked right from 
the beginning of malnutrition. A similar phenomenon might consequently take 
place if an excess of red cells were suddenly introduced during sudden loss 
of weight. The workers undertook a series of experiments where animals 
in an advanced state of weight loss received a blood transfusion which brought 
their red cell volume up to a figure close to the control values. Measure-
ments were made before and after administration of the blood in order to 
investigate the change in red cell mass and the fate of the cells transfused. 
Three dogs weighing from 26 to 27 kg were subjected to a series of three 
measurements to check the red cell volume by means of the use of 5 1 Cr. 
The control period lasted 4 weeks, during which time the dogs received 
500 mg of dry food per day (1500 cal). The weight did not change throughout 
this period. The animals were then subjected to progressive undernutrition 
for 11 weeks under the same programme as that used for the other experi-
ments (sections (1) and (2)). Three measurements were made during pro-
gressive dénutrition. When the weight was reduced by 25%, the dogs received 
a blood transfusion in which the red cells had been labelled by D F 3 2 P (di-
isopropylfluorophosphate). The state of dénutrition was maintained for 4 
more weeks after the transfusion, and three new measurements of red cell 
volume were made at the same time as measurements of the volume of trans-
fused cells. The complete series of observations lasted 26 weeks. 

Results obtained 

(1) The concept of adaptive anaemia and hypovolaemia 

Results are given in Table I, which shows the averages obtained during 
the control period and the deviations during the undernutrition and refeeding 
periods. 

(a) Total composition 

It was demonstrated that weight undergoes a progressive decrease during 
undernutrition, falling to 28% below its initial value. It rises progressively 
during the 6 weeks of refeeding, but does not yet regain the initial values. 

The total water is also reduced, but only to 17% below the base line, at 
the end of nutrition; it then r i s e s again without returning to the control 
figures. The reduction in total solids is far g r e a t e r than that in weight; 
it drops to 48% below its initial value, and increases rapidly during refeeding. 

10 ASCHKENASY, A. , Recherches sur le rôle joué par la réduction des besoins tissulaires en oxygène 

dans la genèse de l 'anémie par carence protidique, Revue fr. Etud. clin. biol. 6 (1961) 756. 
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T A B L E I. CONTROL VALUES AND P E R C E N T A G E DISCREPANCIES (Д%) DURING 
MALNUTRITION AND REFEEDING (AVERAGE OF 5 DOGS) 

Control 
Malnutrition 

(Д7°) 

Refeeding 

(Д<7°) 

Confidence l imits 

07°) 

Week 1 - 3 8 ? 10 11 12 15 18 95% 99% 

X ± 

Weight (kg) 24.048 ± 0.6 . - 11.8 - 17.1 - 20.2 - 24.7 - 28.3 - 15.6 - 12.8 2 .6 4 .3 

Total water 15.254 ±0 .7 - 8.9 - 13.4 - 14.4 - 16.2 - 16.8 - 11.2 - 9 .0 2 .9 4 .7 

Total solids 8.793 ± 0.2 - 16.8 - 23.6 - 30.3 - 39.5 - 48.2 - 23.1 - 19.3 7 .2 11.9 

V .P . 1430 - - 11.1 - - 7 .7 - - 4 .1 - 1.2 - 4 .3 2 .6 4 .3 

Я) ^ 

3 S V . G . 811 - 12.0 - - 23.8 - - 33.1 - 28 - 15.2 4 . 0 6 .6 

« a > V .S . 2 241 - 11.3 - - 13.1 - - 14.0 - 10.9 - 3 .0 1 .4 2 .3 

Ht. 39.9 - 3 .1 - - 10.0 - - 20.8 - 17.5 - 5 .8 6.6 10.9 

H>°E 6 947 ± 1.8 - 2 .3 - 6.7 - 8 .6 - 6 .4 - 7.9 + 3 .6 + 2 .2 5 .1 8 .4 

<3 
Na e 1197 ±1 .0 - 2 .3 - 13.9 - 11.7 - 10.3 - 15.3 - 3.2 - 0.2 7 .3 12.2 

:t
ra

c
e
ll
u
l 

s
e
c
to

r 

c i e 
869 ± 0.2 + 0.5 - 6.6 - 8 .3 - 6 .8 - 8 .6 + 3 .3 + 3 .7 5 .1 8 .4 

:t
ra

c
e
ll
u
l 

s
e
c
to

r 

[Na]p 147 ± 1.4 - 3.7 - 3.3 - 1 .3 - 1 .8 - 1 .3 - 0.7 - 1.4 2 .5 4 .1 

UJ 
[C l i p • 107 ±0 .7 + 2 .6 + 1.7 + 1.7 + 1.8 + 0.7 + 1.1 + 3 .3 3 .2 5 .4 

[tOp 4 .1 ± 2 .2 - 1.3 + 5.0 + 7 .0 + 0.2 + 10.8 + 6 .0 + 4 .1 9 .7 16.0 

H 2 O j 8 308 ± 0.2 - 14.4 - 19.0 - 19.1 - 24.5 - 24 .4 - 23.6 - 18.4 6 .8 11.3 

•3 S 
— о 
13 « 
и 

K e 
1208 ±0 .5 - 9.2 - 16.9 - 20.1 - 24.6 - 34.3 - 21.0 - 14.4 3 .6 6 .0 •3 S 

— о 
13 « 
и [K] j 143 ± 0 + 5.6 + 1.4 - 2 .8 - 1 .4 - 14.7 + 2 .8 + 5.6 8 .3 13.8 



(b) Vascular sector 

The red cell volume falls progressively during malnutrition, reaching 
33% below the initial value. It r ises during refeeding without reaching the 
control values. The haematocrit generally speaking undergoes a parallel 
change, but is reduced to a lesser extent and at the end of the experiment 
has reached a figure close to its initial value. 

The plasma volume falls by 11% at the beginning of undernutrition; 
between the 8th and the 12th week of observation it r i ses progressively 
towards the initial values as the red cell volume decreases . At the end of 
refeeding it is 4% below the control value. 

The changes in blood volume reflect the changes in each of its two com-
ponents. Between the 3rd and the 8th week it falls to 11% below its initial 
value, and stays reduced throughout the period of undernutrition without 
falling by more than 14%; it increases progressively during refeeding, at 
the end of which it is 3% below the initial value. It has been noted that the 
principal drop in blood volume occurs between the 3rd and the 8th week, 
and involves both the red cell volume and the plasma volume. F r o m then 
on the blood volume remains relatively stable, the plasma volume almost 
completely compensating for the reduction in red cell volume. 

(c) Extracellular sector 

The extracellular fluid showed a slight decrease but did not fall below 
the 95% confidence limit in the 5th week of malnutrition. Between the 8th and 
the 12th week, when the reduction in weight exceeded 16%, it fell from 6% 
to 8% below the control value. It rose during refeeding and entered the con-
fidence region. 

The exchangeable sodium varied only between the 9th and the 12th week 
of observation, reaching 15% below the base line at the end of malnutrition. 
As soon as the intake of calories was restored it returned to its initial value. 

The reduction in exchangeable chlorine paralleled that of exchangeable 
sodium. 

(d) Cellular sector 

The decrease in exchangeable potassium is more or less parallel to 
that of the intracellular water, but the former continued to fall at the end 
of the period of undernourishment, whereas the intracellular water decreased 
less. The potassium rose again in the direction of the control value during 
refeeding. 

The intracellular potassium concentration remained within the confidence 
limits, except at the end of undernourishment when it fell to 15% below the 
base line, returning to normal during refeeding. 

(e) K/N ratio 

Chemical analysis of muscle biopsies were performed to determine 
the K/N ratio. This ratio remained normal throughout the period of 
undernutrition. 
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T A B L E II. CONTROL VALUES AND P E R C E N T A G E DISCREPANCIES (Д%) DURING MALNUTRITION 
(AVERAGE OF 4 DOGS ± STANDARD ERROR OF THE AVERAGE) 

Control 

Malnutrit ion (Д%) 

Control 4th week 

X è S . E . M . * P 

8th week 

X ± S . E . M . P 

11th week 

X ± S . E . M . P 

Weight (kg) 27.887 - 12.2 ±3 .1 
a 

- 20 .4 ±2 . 1 
b 

- 27 .5 ± 1.8 с 

Exchangeable potassium (meq) 1266 - 9.8 ± 4 .6 - 15.9 ± 3 .9 a - 25.9 ±2 .7 b 

Blood volume (ml) 2 759 - 8.8 ±2 . 7 . a - 14.6 ±4 .6 
a 

- 15.3 ± 5.2 

Plasma volume (ml) 1779 - 10.5 ± 2 .5 a - 11.8 ± 3 .1 
a 

- 7.9 ±5 .6 

Red cell volume (ml ) 980 - 5 .3 ±4 .6 - 18.8 ± 7 .8 - 27.7 ± 6.6 a 

Venous haematocrit (%) . 39.10 + 3.9 ±3 . 1 - 5 .5 ± 4 .3 - 14.7 ± 4 .2 
a 

Mean total cardiac output (m l /m in ) 6 714 - - 10.7 ± 6.8" - 24.9 ±4 . 3 
a 

- 30.4 ± 8 .3 
a 

Mean red cell output (m l /m i n ) 2 622 - 7.3 ± 6.7 - 29.2 ±4 . 1 
b 

- 40.7 ± 7.0 
a 

Mean pulmonary circulation t ime (s) 4.86 + 2 .3 ± 6 .5 + 20 .1 ± 8 .3 + 17.4 ± 8.6 

Pulmonary blood volume (ml) 508 - 11.4 ±7 .6 - 10.4 ± 4 . 2 - 18.8 ±5 .6 
a 

* Standard Error Media . a = 0 . 0 1 < p < 0 . 0 5 
b = 0.001 < p < 0.01 
c = p < 0.001 



(2) Variation in cardiac output during malnutrition 

All findings in respect of weight, exchangeable potassium, blood, plasma 
and red cell volume, haematocrit , mean cardiac and red cell output, and 
mean pulmonary circulation time are given in Table II. 

(3) The fate of red cells transfused during malnutrition 

The results of these experiments are given in Table III. During the 
control period the red cell volume of the animals and their weight remained 
particularly stable. During the progressive loss of weight, the red cell 
volume fell to 22% below its initial value at the point where the weight was 
25% lower. The blood transfusion almost completely rectified the red cell 
deficiency. In the 2nd and 3rd week after transfusion, the decreases were 
again 25% and 28%. Subsequently, when feeding began again, the red cell 
volume tended to return to normal. The shaded area on the figure represents 
the transfused red cells; they constitute 16%, 14% and 12% of the total red 
cell volume, 4, 14 and 21 days respectively after transfusion, so that the 
volume of red cells belonging to the undernourished animals resulted to be 
84%, 86% and 88% of the total, decreasing from 850 ml before transfusion to 
640 ml 4 weeks later. In other words, a decrease of 25%. 

Conclusions 

(1) The progressive reduction in oxygen consumption accompanying 
dénutrition is correlated with a reduction in the body cell mass and in the 
red cell volume. The average exchangeable potassium can be taken as an 
index of the body cell mass . The workers have demonstrated that theK/N 
ratio of muscle taken from dogs during malnutrition is not significantly 
different from the normal value. Since they obtained a high correlation 
between red cell volume and exchangeable potassium in normal dogs after 
the process of refeeding the same animals, they conclude by suggesting that 
this may be explained by spontaneous regulation of the red cell volume in 
response to the oxygen requirements of the red cell mass. This explanation 
leads them to define what the workers call 'adaptive anaemia' , a condition 
characterized by a reduction in the concentration and total number of red 
cells, whose total volume nevertheless suffices to oxygenate the t issues 
normally, without the action of compensatory mechanisms. It results from 
a reduction in the oxygen consumption, whether the latter is secondary to 
a reduction in cell mass, to a lower oxygen requirement, or to both together. 
Both factors are involved in malnutrition, the red cell mass is considerably 
reduced and the oxygen requirements are lower. 

Changes in plasma taking place while the red cell mass is-being reduced 
suggest that the plasma volume acts as a 'buffer' attenuating the fall in blood 
volume. The adaptation of the blood volume to the capacity of the vascular 
bed, which is reduced in malnutrition, during various physiological and 
pathological states was demonstrated by Gregersen and Rawson (1959) il. 

11 GREGERSEN, M . I . , RAWSON, R. A. , Blood volume, Physiol. Rev. 39 (1959) 307. 
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T A B L E III. AVERAGE VALUES FOR 3 DOGS DURING THE 
CONTROL PERIOD, MALNUTRITION AND R E F E E D I N G 

Weeks 
Weight 

(kg) 

Red cell volume 

(51Cr) (ml) 

Transfused volume 

(32P) (ml) 

1 26.966 1067 -

Control 2 - 1066 -

4 26.700 1078 -

11 21.566 923 -

Malnutrition 13 20.733 894 -

15 21.000 854 -

15i - 1021 167 

Transfusion 17 20.366 802 111 

19 19.300 728 88 

23 20.600 813 
_ 

Refeeding 
26 21.300 877 -

The state of malnutrition might well be another example. The fact has been 
demonstrated of the haematocrit 'remaining within normal limits, while the 
blood volume is reduced by 12%. This finding confirms that the haematocrit 
is a misleading index of circulatory and haematological conditions in the 
state of dénutrition. 

(2) The observed reduction in red cell output can be explained partly 
by a reduction in red cell mass and partly by the lower oxygen consumption 
of the remaining cells . The reduction in total cardiac output is less easy 
to interpret, and only hypothetical conclusions can be drawn such as to 
assume that the decrease in metabolic activity (or in the cardiac muscle, 
which would thus reduce its activity and its output) is in line with the general 
slowing-down of cell metabolism. 

The reduction of pulmonary blood volume results in a prolongation of 
the pulmonary circulation time. Such a reduction corresponds exactly with 
that in total blood volume. The hypothesis of adaptive anaemia of hypo-
v o l e m i a mentioned above could also be applied to the lungs, the vascular 
bed of which might decrease like that of the organism as a whole. The im-
portant fact is that the blood volume decreases in the lungs in the same way 
as in the whole organism: in other words the phenomenon occurring in the 
animal as a whole is confirmed in certain organs, such as the lungs, taken 
individually. 
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(3) Red blood cells transfused during dénutrition remain temporarily 
in circulation, but cause more marked reduction in the volume of autologous 
red cells . The organism, by blocking erythropoiesis as a result of the 
transfusion, thus presumably adapts its red cell volume to the need of the 
cell mass for oxygen c a r r i e r s . 
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' RESEARCH CONTRACT No. 158 

Title 

F a c t o r s influencing the development of goitre in Pehuenche Indians. 

Research institution 

Endocrinology Department, Hospital del Salvador, Santiago de Chile, 
Chile. 

Principal scientific investigator 

J . Barzelatto. 

Period of contract 

1 June 1963 - 31 May 1966. 

Scientific background and scope of project 

Although the incidence of endemic goitre is closely associated with iodine 
deficiency, it is now generally accepted that this is not the only factor involved 
in the aetiology of the disease. Other possible factors presumably involved 
are certain chemical substances called goitrogens which are in some way 
related to the physiopathological changes that occur with the disease. In 
addition, there is now evidence that genetic factors are also involved. One 
method of approach to the study of such factors consists of making surveys 
in carefully selected geographical locations. It so happens that in Chile at a 
place called Pedregoso, which is in the southern part of the country, there 
is a group of Indians (Pehuenche Indians) who live in an extremely isolated 
reservation, and for this reason can be considered as a special community in 
which inbreeding has taken place for decades. In addition to this, blood group 
studies showed that the people are of a genetically pure stock, some 96% of 
them being of blood group 0. These Indians live in an area of iodine deficiency 
and because of their genetic purity it could be speculated that if a genetic 
factor were involved in the development of endemic goitre, they would all 
react equally to the lack of iodine in their diet. In fact previous work of the 
principal scientific investigator and his group had shown that there is only a 
70% incidence of the disease which therefore could be interpreted to be an 
evidence that genetic factors are not the only ones involved in goitre develop-
ment among this population. Therefore further investigations of this group of 
people were considered necessary, and it is for this reason that the project 
was approved by the Agency. 

Experimental method 

Comparative physiological and biochemical studies of iodine metabolism 
in this group of Indians (with and without goitre) were made. The results 
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were compared with results of similar studies obtained from endemic goitre 
patients having a family history of goitre , attending the Salvador Hospital 
in Santiago. 

The research involved several expeditions and the workers had to carry 
portable equipment. The following techniques were used: 

(1) Neck uptake measurements of 1 3 1I at 6, 24 and 72 hours after the 
administration of a t r a c e r dose. 

(2) Perchlorate discharge test after the 72-hour uptake. This test can 
show the impaired capacity of the thyroid to convert inorganic iodine into 
organic compounds after the administration of perchlorate . 

(3) Measurement of radioactivity in blood samples extracted at 24 and 
72 hours after the administration of 1 3 1I. Subsequent measurements were 
made in Santiago of aliquots of the samples to determine stable iodine levels 
in the blood and an estimation was made of the 1 3 1I fraction extractable by 
butanol, as well as a chromatography of the butanol e x t r a c t s . 

(4) Estimation of stable iodine excretion in urine and chromatography 
of urinary 1 3 1I-labelled compounds. 

(5) Study of the peripheral metabolism of thyroid hormones by obtaining 
data on the rate of removal of intravenously injected tri-iodothyronine and 
thyroxine (labelled with 131I) from the blood. Extraction of blood samples was 
performed at daily intervals commencing 1 hour after the injection and con-
tinuing for 8 days. In each sample total and protein-bound 1 3 II were deter-
mined. The previous thyroid uptake was blocked by the administration of 
potassium iodide. 

(6) The iodine content of the drinking water and food-stuffs was examined, 
as well as the possible existence of a goitrogenic factor in the ' a r a u c a r i a 
nut1, which is an essential part of the diet of the population of Pedregoso . 

(7) The tyrosine load test was performed in 90 Pehuenches, taking two 
samples: a basal one and one 1 hour after an oral dose of 4 g of 1-tyrosine. 

(8) Iodine-125 was used, giving 400 /uCi to 40 adults and obtaining blood 
samples 48 hours la ter . Blood radioactivity was expressed as % dose per 
litre and examined by column chromatography; in some cases the fractions 
obtained were studied by paper chromatography. 

(9) A complete clinical history and examination were performed. 
(10) Animal studies: A total number of 270 rats was studied by means 

of different experiments. All of them were fed exclusively on araucaria nut. 
The diet itself had insufficient ca lor ic value. Morphological, histological 
and iodine-metabolism studies were performed on the animals. 

Results obtained 

Clinical 

Endemic goitre has been studied in Pedregoso, an isolated reservation 
of Pehuenche Indians, located in the Chilean Andes with a population of about 
650. A clinical survey including 85% of the people living in the reservation 
at one time, showed that 60% of the men and 74% of the women had goitre. 
The percentage of goitre i n c r e a s e s during the f irst two decades and then 
remains constant. Nodular goitre increases with age, being present in less 
than 5% of the goitres in the first decade and in more than 95% in the seventh 
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DAILY URINARY IODIDE EXCRETION (|ig) 

FIG. 1. Daily urinary iodide excretion as compared to thyroid size (g) 

decade. Clinically, as well as judged by the Achilles reflex contraction 
time, all subjects were euthyroid. 

Metabolic studies documented iodine deficiency: the average daily uri-
nary excretion of 121I was 33 ng in 77 cases studied (Fig. 1). This experiment 
involved measurements of 247 samples. An average thyroid radioiodine 
uptake at 24 hours of 68% was recorded in 111 persons. Kinetic studies of 
iodine metabolism showed a discrepancy between Absolute Iodine Uptake (AIU) 
and thyroid secretion turnover rate; the average net intake was 98 per day, 
while output when blocking recirculation showed mean daily values of 834/ug 
(8 subjects), 513 /ng (9 subjects) and 974 ng (21 subjects). Turnover studies 
with labelled thyroxine and tri-iodothyronine demonstrated in 15 c a s e s a 
daily peripheral consumption of thyroxine iodine of 92.7 /jg per 70 kg of body 
weight. The results obtained confirm the discrepancy of a higher secretion 
rate of iodine by the thyroid gland and the peripheral consumption of hormonal 
iodine. This is compatible with the existence of an iodine leakage from the 
gland that could either be iodide or non-hormonal iodinated compounds, or 
both. 

The tyrosine load test performed in 90 Pehuenches showed the following 
results. The difference between pre-load and post-load tyrosinaemia tended 
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T A B L E I. D I F F E R E N C E IN PLASMA TYROSINE (mg/lOOO ml) 
ACCORDING TO THYROID SIZE 

Goitre No. X S2 

None 9 10. 7 28 .44 

Small 25 1 6 . 2 58. 60 

Medium 25 19 .3 156.23 

Large 18 20. 9 187. 05 

T A B L E II. P E R C E N T A G E DISTRIBUTION OF THE D I F F E R E N C E IN 
PLASMA TYROSINE ( m g / 1 0 0 0 ml) L E V E L ACCORDING TO THYROID 
SIZE 

Goitre No. < 10 10-19 20-29 >30 

None 9 67 22 11 -

Small 25 24 48 20 8 

Medium 25 12 48 20 20 

Large 18 11 39 39 11 

to increase with thyroid size as can be seen from Table I. Furthermore, 
the distribution of values in each class of thyroid size is different (Table II). 
There was no apparent difference in the results of the tyrosine load test 
among patients with diffuse and nodular goitre, neither was there any corre-
lation with daily urinary iodine excretion. 

The serum column chromatography studies were performed by analysing 
the serum of 76 Pehuenches, looking for endogenously labelled compounds 
48 hours after the administration of a t r a c e r dose. In 44 of them the iodo-
thyronine fraction was separated in T4 and T3 by paper chromatography 
(Table III). Among non-goitrous subjects T3 was not detected, while it was 
easily demonstrated in 36% of the subjects with goitre. Iodotyrosines were 
found in small but statistically significant amounts in 20 out of 76 Pehuenches 
studied, constituting about 1% of the total radioactivity of the serum. Three 
subjects had only DIT, 8 showed only MIT, and 9 had both DIT and MIT. The 
presence of goitre was not found to be a prerequisite for the existence of 
iodotyrosines in the serum, although they were most commonly found in 
patients with nodular goitres and had a tendency to increase with increase in 
goitre size. Patients having endogenously labelled iodotyrosines in their 
blood had significantly higher PB1 2 5I (t = 2.31; p < 0.05) than those who did 
not, and also had a significantly higher difference in tyrosinaemia (t = 2.04; 
p < 0.05) when the tyrosine load test was performed. In contrast to these 
findings there was no significant difference in the daily urinary iodide 
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T A B L E III. L A B E L L E D IODOTHYRONINES IN 48-HOUR PLASMA 

Goitre No. T4 T3 

None 8 8 0 (0%) 

Diffuse 11 7 4 (36</o) 

Nodular 25 16 9 (36%) 

Total 44 31 13 

excretion in patients with and those without endogenously labelled iodo-
tyrosines in the blood. 

The PTC taste sensitivity (taste sensitivity of phenyl-thio-carbamide) is 
used to measure a genetic characterist ic . Among 255 Pèhuenches examined, 
only 10 were found to be non-tasters . 

Haematological findings in blood grouping confirmed previous reports, 
since 96.6% out of 148 Pehuenches examined belonged to group 0. No ab-
normal haemoglobins (S and H), nor deficiency of glucose-6-phosphate de-
hydrogenase were found in 102 and 53 c a s e s studied respectively. 

Animal studies 

Two hundred and ten r a t s were fed for 6, 9 and 20 weeks with a diet 
consisting of ' a r a u c a r i a nuts' (having a very poor caloric value) and there-
after sacrificed. A relative increase of the weight of the thyroid gland was 
observed in almost all animals as well as a generalized follicles' hyperplasia. 
Sixty ra ts fed with the same diet were injected with 1 3 1I-labelled T4 and the 
radioactivity was followed in the blood, urine and faeces for 4 days. Daily 
whole-body counting was performed on all 60 animals. The analysis of the 
nutrient demonstrated its poor caloric value and its deficiency of iodine. The 
di-iodotyrosine de-iodinating capacity was very little,if at all, impaired, 
but DIT of a very low percentage was definitely detected in the blood in a few 
additional animals which also received 1 2 5I per os. By comparing their iodine 
metabolism with that of normal rats it could be concluded that it was signi-
ficantly accelerated. 

Conclusions 

Clinical 

The discrepancy demonstrated in the kinetic studies performed in 
Pedregoso showed a higher secretion rate of iodine and i-e compatible with an 
iodine leakage from the gland, that could either be iodide or non-hormonal 
iodinated compounds, or both. 

The demonstration of endogenously labelled iodotyrosines and iodinated 
compounds not extractable by butanol is compatible with the previous ex-

1 6 8 



planation. NBEI could correspond to the secretion of iodinated polypeptides, 
fragments of thyroglobulin, that should be digested in the blood and thus at 
least contribute to increase the circulating iodotyrosines, which could also 
leak directly from the thyroid. If these mechanisms were quantitatively 
important the iodotyrosine deiodinating capacity of the organism could be 
somewhat impaired. This is exactly what was found when injecting labelled 
di-iodotyrosine into these Indians. 

A positive correlation between the amount of labelled DIT, appearing 
unchanged in the urine, and thyroid size suggests that such iodotyrosine 
leakage could be important as a pathogenic explanation for the variation in 
thyroid size seen in Pedregoso. Such a possibility is compatible also with 
the workers' findings of increasing values for the tyrosine load test as well 
as for the presence of endogenously labelled iodotyrosines in relation to 
goitre size. Furthermore, the tyrosine load test gave significantly higher 
results among those Indians with endogenously labelled iodotyrosines in 
their blood. 

Adaptation to iodine deficiency, with an increase in iodine turnover in 
the thyroid, could well explain iodine leakage from the gland either as iodide 
and/or as non-hormonal iodine. Alternatively such a finding could have a 
different aetiology and iodine leakage would contribute to the pathogenesis of 
goitre. In both circumstances this characteristic would be found to be more 
important among those subjects in whom the disease was more severe, that 
is in large nodular goitres. Correlation of this finding with goitre size has 
already been commented, but it can be added that there was also a c o r r e -
lation with PB1 2 5I, a parameter that was significantly higher among those 
Indians showing endogenously labelled iodotyrosines in their blood, and 
the highest values for PB l 2 % are found among large nodular goitres . 

The appearance of tri-iodothyronine as an important fraction of the circu-
lating iodothyronines seems to be the expression of an adaptive mechanism: 
it is only found in subjects with goitre, and urinary iodide is significantly 
lower among them as compared with those without T3 . Instead, circulating 
iodotyrosines are found in subjects with or without goitre and their presence 
does not correlate with the amount of urinary iodide. Such findings are com-
patible with the possibility of iodotyrosine leakage being independent of 
iodine deficiency, but being a contributing factor in the development of ende-
mic goitre when iodine is deficient. 

If this or other mechanisms contribute to the development of endemic 
goitre, they have to be environmental or genetic in origin. The workers' 
nutrition survey studies have failed up to now to reveal any suggestive 
evidence in this respect. Nevertheless, their animal experiments have sug-
gested some goitrogenic influence of the nut of the araucaria araucana. 
Genetic analysis of the data is now being completed, but it is of interest 
that PTC taste sensitivity studies are compatible with the hypothesis that 
homozygotes for the tasting gene are somehow protected against the develop-
ment of goitre. Such a theory would explain why taste sensitivity is greater 
in older than in younger people without goitre, a finding that is contrary to 
what is found in the rest of the population of Pedregoso or in other parts of 
the world. 
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Animal studies 

In principle the results remained the same, although the values were 
slightly decreased when an adequate amount of iodine was added to the diet. 
The observed effects were more significant in animals fed with cooked nuts 
than in those fed with raw nuts. Results suggest, but do not as yet confirm, 
the presence of a goitrogenic factor in the araucaria nut, the activity of which 
is increased after cooking. 
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RESEARCH CONTRACT No. 190 

Title 

The use of 1 2 5I in clinical studies. 

Research institution 

2nd Medical University Clinic, Vienna, Austria . 

Principal scientific investigator 

R. Hôfer. 

Period of contract 

1 June 1963 - 1 March 1965. 

Scientific background and scope of project 

Iodine-125 has been employed successfully by many authors for thyroid 
scanning. The 1 2 5I scanning advantages a r i se from the grea ter resolution 
obtainable for collimating. To benefit fully f rom the physical propert ies 
of 125I for scanning purposes the worker decided to modify the usual scanning 
equipment by constructing a special thin septa collimator using a thin crystal 
with thin window and a low dark-current phototube. 

Also, to improve efficiency in 1 2 5 I sample counting the worker used 
d e t e c t o r s differing f r o m the standard ones. 

Experimental methods 

Scanning 

A 43-hole focusing col l imator attached to a 2 in. X 2 in. c r y s t a l was 
constructed using lead 0. 5 mm thick. The collimator consists of 4 truncated 
hollow cones all focused at a point 115 m m distant f r o m the base and 42 
radiating septa subdividing the s p a c e s between the cones . 

The original c rys ta l was substituted by a 2 in. X 2j in. Nal(Tl) c rys ta l 
with a thin beryllium window of 0. 2 m m and with a phototube of low dark 
c u r r e n t . 

Sample counting 

F o r smal l sample counting two types of apparatuses were used, the 
routine equipment used for counting of 131I plus a special equipment designed 
to count 1 25i. The special counting instrument utilized was equipped with 
the s a m e thin beryllium window Nal(Tl) c r y s t a l and the low noise photo-
multiplier as those used for the 1 2 5 I scanning technique. 
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The following method was used to measure large samples. The equip-
ment consisted of the same crystal described above together with a low noise 
phototube and one single-channel pulse-height analyser. The measurements 
were performed in a large lead castle with heavy shielding in order to allow 
for the double-tracer experiments measuring simultaneously I3ij and 125I. 

Sample preparations 

Faeces were collected in a container lined on the inside with a plastic 
bag measuring 25 cm X 30 cm. The filled bag was then removed from the 
container and sealed air-tight with the help of a flat iron at constant tempera-
ture. Before closing the bag completely it was dipped into a water-filled 
beaker to measure the volume of the faecal sample. The plastic bag was 
thereafter completely sealed and flattened out carefully in a dish with flat 
bottom. 

All samples were measured at a crystal- to-sample distance of 25 cm 
since at this distance the counting efficiency was still high enough. 

Double-tracer techniques 

Iodine-125 and iodine-131 were used simultaneously in double-tracer 
studies to study thyroid function. The triolein/oleic acid absorption ratio 
was determined by giving the two fats simultaneously, after labelling them 
with two different isotopes of iodine, ^he absorption was determined from 
the faecal residual. The large sample technique already mentioned was 
used. 

Clinical applications 

Thyroid scanning was performed 24 hours after giving the t racer dose 
( 2 - 3 nCi of 1251). 

All scans were done with the equipment already mentioned together 
with a single-channel pulse-height analyser setting a 6 V window at the 
27 + 3 5 . 4 keV sum peak of 125I. No background suppression was used. 

Since 1 2 5I showed that it had several advantages over 131I the workers 
also explored its usefulness for other clinical scanning problems. 

Kidney scanning was explored by means of the intramuscular injection 
of 300 цСi of 1 2 5I-labelled Hippuran plus 75 units of hyaluronidase. The 
scanning was performed in 25 - 30 minutes, starting 10 minutes after 
injection. 

Liver scanning was based on the use of a 1% solution of 125I-labelled 
human serum albumin, denatured according to Taplin's method. An amount 
of 200 - 300 juCi was injected intravenously and 15 minutes later the scanning 
was started. It never lasted more than 45 minutes. 

The workers used a method developed in 1963 in their laboratory for 
studying the dynamics of iodination processes in the thyroid gland analysing 
a single biopsy sample. , This is possible by administering a t racer dose of 
i 2 5 I and another t r a c e r dose of 1 3 1I at different times before biopsy. The 
concentration of the two isotopes in the fraction separated is then represent -
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ative of the distribution of the t r a c e r at the respective time after administra-
tion. The method had to be improved in two ways: 

(a) by improving counting techniques with the simultaneous use of 
and 1251, and 

(b) by modifying the separation method to enable the separation not 
only of mono- and di-iodotyrosine and thyroxine but also tri-iodothyronine 
from thyroxine. 

Results obtained 

The performance of the multi-hole coll imator was sat isfactory. The 
necessary dose to obtain satisfactory thyroid scanning in less than 20 minutes 
scanning time amounts to 4 - 6 nCi of 125I. 

The quality of the scanning was good and superior to that obtained with 
1 3 1I. Resolution was better with i 2 5 I than with i 3 1I under reasonably identical 
conditions (dose, scanning, time). 

The results of kidney scanning with 1 2 5I were by far better than those 
obtained with m I . The great advantage of kidney scanning with i24-labelled 
Hippuran lies in the fact that not only the parenchyma but also the pyelon are 
c l e a r l y outlined. The g r e a t e s t advantage was found when renal scanning 
was done to localize the kidney before kidney puncture because the optimal 
site for kidney puncture ( i .e . the lower pole of the kidney but at a safe dis-
tance from the pyelon) can be found very easily. Twenty-five kidney punct-
ures performed with this method gave a 100% success . With other methods 
only 60% of kidney punctures a r e positive. The use of i 2 5 I- labelled heat 
denatured albumin to perform liver scanning gave rather poor results and 
is not advocated by the worker. 

The methods developed to count small and large samples containing i25I 
proved to be extremely useful. While comparing efficiencies for i25l with the 
I25j equipment the counting efficiency for i 3 4 was 8. 3% of the efficiency 
for 1251. 

Results derived from double-tracer fat absorption studies are listed in 
Table I. 

The separation method (Hôfer, R . , Pfeiffer , G . , Minerva Nucl. ]_ 
(1963) 167) adapted for assaying the samples of i 3 i l and 125I while trying 
to investigate the postulated p r e c u r s o r product relationship of mono- and 
di-iodotyrosine was used in a s e r i e s of experiments in r a t s but these e x -
periments do not allow yet of any conclusions. The successful separation 
of mono-iodotyrosine, di-iodotyrosine, iodide, tri-iodothyronine, thyroxine 
was accomplished by one of the workers , using a new column separation 
method studied in the Department of E x p e r i m e n t a l Medicine and 'Cancer 
R e s e a r c h of the Hebrew University, Hadassah Medical School (Israel) . 

Results in r a t s given a simultaneous t r a c e r dose of 131I and i 2 5 I at the 
same time 1 hour before death were the following: 

Mono-iodotyrosine 
Di-iodotyrosine 
Iodide 
Tri-iodothyronine 
Thyroxine 

4 1 . 5 % 

5 4 . 0 % 

2. 8% 
0 . 2 % 
1.3% 
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T A B L E I. F A E C A L E X C R E T I O N , % OF DOSE 

Patient Oleic acid Triolein T /O 

AN 3 .36 4 . 9 4 1 .47 normal 

PE 5 . 1 3 3 . 1 0 . 5 9 normal 

N1 3 . 5 3 2 . 8 0 . 8 normal 

TO 2 . 4 2 . 3 0 . 9 6 normal 

GR 0 . 7 6 0 . 8 3 1 . 1 normal 

KI 3 . 2 9 2 .37 0 . 7 2 normal 

JA 2 . 6 8 3 . 9 2 1 .45 normal 

FU 3 . 9 4 2 . 8 4 0 . 7 2 normal 

MI 3 .57 3 . 4 5 0 .97 normal 

LA 2 . 5 3 4 . 0 7 1 . 6 1 normal 

HU 1 . 8 1 4 . 1 8 2 . 3 1 Polycythaemia 

REI 2 . 7 9 . 6 . 1 5 2 . 2 1 Severe amyloidosis 

RU 2 . 9 6 8 .82 2 . 9 8 Pancreatectomie 

WE 2 . 0 1 4 . 0 4 2 . 0 1 Pancreatectomie 

Conclusions 

The workers constructed a multi-hole collimator which gave excellent 
results when thyroid scanning was performed after the injection of 1 2 5I. The 
instrument proved to be extremely satisfactory in kidney scanning, especially 
when 1251-labelled Hippuran scanning was used in order to localize the kidney 
before kidney puncture. 

The poor results obtained after using 1 2 5I-labelled heat denatured human 
s e r u m albumin for l iver scanning might be attributed to the fact that the 
albumin complex is metabolized in the liver, and comparatively large 
quantities of 1 2 5I soon reappear in the circulation, thus increasing the 
background. 

The workers also developed original detection systems suitable for the 
counting of small or large samples. Double- tracer technique studies a re 
still in p r o g r e s s and final conclusions on the methods developed will be 
published next y e a r . 
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RESEARCH CONTRACT No. 190 

Title 

A radioisotope investigation into the causes of anaemia in Turkey. 

Research institution 

Ankara Hospital, Cebeci-Ankara, Turkey. 

Principal scientific investigator 

S.N. YOrtlkoglu. 

Period of contract 

1 July 1963 - 30 June 1966. 

Scientific background and scope of project 

Anaemia is a frequent finding in patients admitted to hospitals in Turkey. 
In a survey of 6931 admissions to different departments of the Ankara Hospital 
during 1962, data on blood haemoglobin concentration were available on 
3862 patients. A total of 1789 of these, 823 males and 966 females, were 
judged to have been anaemic when their data were compared with c o r r e s -
ponding normal data for men, women and children of different ages . Yet 
only 54 of these patients were admitted to the Hospital because of recognized 
haematological disease. 

The cl inical data on these 3862 patients were submitted to a detailed 
stat ist ical analysis to reveal any significant variations in the incidence of 
anaemia with age, sex, nutritional status, domicile reason for admission to 
hospital, etc . and, if possible, to gain some insight into its more common 
c a u s e s . The results of this analysis showed that the incidence reached a 
peak in children in the age group 3 -10 years and was slightly higher in female 
than in male patients. It was also higher in patients with poor nutritional 
status than in those with good nutritional status and was higher in patients of 
rural domicile than in those of urban domicile. 

In view of these important findings, the contractors undertook to c a r r y 
out detailed investigations by standard haematological and radioisotopic 
methods on as many patients as possible admitted to the Ankara Hospital for 
reasons of non-haematological disease but found on examination to be anae-
mic. A total of 122 patients were investigated in this way. Since these studies 
in Ankara indicated that hookworm infection might be an important contribu-
tory cause of anaemia in Turkey, small pilot surveys were also carr ied out 
in three areas outside Ankara known to be centres of hookworm infection -
Samsun in northern Turkey and Rize in north-eastern Turkey, both on the 
Black Sea coast, and Adana in south-eastern Turkey, on the Mediterranean 
coast . 
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Experimental methods 

Blood haemoglobin concentration, blood haematocr i t , red blood cel l 
count, white blood cell count, red cell sedimentation rate, red cell osmotic 
fragility and serum iron concentration were determined by established 
haematological methods. Electrophoretic fractionation of plasma proteins 
was car r ied out on paper. All these haematological tests were carr ied out 
on samples taken between the hours of 0 8 . 0 0 and 10.00, before breakfast, to 
minimize the effects of diurnal variations. Gastric acidity was determined 
in most c a s e s ; in those showing hypoacidity or anacidity the determination 
was repeated after administration of histamine. Stools w e r e repeatedly 
examined for p a r a s i t e s and for occult blood. 

Serum iron binding capacity was determined using 5 9 Fe, by the method 
of L e e and Chiamori . The turnover of plasma iron and its incorporation 
into the circulating red cel ls were studied by established radioisotopic 
methods using intravenously injected 5 9 F e . In selected cases , the survival 
of the circulating red cells was studied by established radioisotopic methods 
using intravenously injected 5 1Cr-labelled red cells , gastrointestinal blood 
loss being evaluated at the s a m e time by m e a s u r e m e n t s of stool radio-
activity. Studies with 5 1Cr were usually performed simultaneously with those 
with 5 9 F e . Also in selected c a s e s , the gastrointestinal absorption of 
vitamin B12 was evaluated by the Schilling test, using the 58Co-labelled vitamin; 
if necessary the test was repeated in the presence of intrinsic factor. 

Results obtained 

The 122 patients investigated in Ankara showed a high incidence of hypo-
chromic anaemia of .the iron-deficiency type. P o o r nutritional status ap-
peared to be the most important causative factor of this anaemia, contribu-
tory factors being gastric hypoacidity and anacidity (probably in part directly 
related to the poor nutritional status but accentuated by dietary habit and 
the presence of gastrointestinal parasites), gastrointestinal blood loss due to 
p a r a s i t e s and, in females , frequent pregnancies (mostly leading to m i s -
c a r r i a g e ) and genital blood loss due to various diseases . Approximately 
60% of the cases investigated showed increased turnover of plasma iron indi-
cative of iron deficiency. Gastr ic acidity was below normal in 73% of the 
c a s e s . Intestinal parasites were observed in the stools of 38% of the cases , 
although only 5% gave direct evidence of occult blood in the stools. Almost 
all the c a s e s examined gave an abnormal plasma protein pattern on electro-
phoresis , with a depressed albumin peak consistent with poor nutritional 
status and an elevated gamma-globulin peak consistent with parasi t ic and 
other infections. Of 31 patients subjected to the Schilling test , 18 gave 
evidence of malabsorption of vitamin B12. Of 27 patients in whom red cell 
survival was studied with 5 1 Cr- label led red cel ls , 11 showed a shortened 
survival ; 11 also gave evidence of gastrointestinal blood l o s s . 

In the Samsun pilot survey, 14 patients, all with confirmed hookworm 
infection, were investigated. Levels of infection were found to be quite low 
and the daily gastrointestinal blood losses measured with 5 1Cr were c o r r e s -
pondingly small and insufficient to explain the degree of anaemia. It was 
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concluded that other factors , notably poor nutritional status, must contri-
bute largely to the anaemia observed. 

In the Rize survey, 20 patients, all with confirmed hookworm infection, 
were investigated. Levels of infection were higher than at Samsun and daily 
gastrointestinal blood loss was in some cases considerable. No correlation 
could be observed however between the number of ova appearing daily in the 
stool, the degree of anaemia, and the half-survival time of the circulating 
red cel ls and daily gastrointestinal blood loss measured with 5 1 Cr . It was 
again concluded that other factors must contribute to the anaemia observed. 

In the Adana survey, 13 infected patients were investigated. Levels of 
infection were higher than at either Samsun or Rize, the number of ova 
excreted per day being in the range of 120 000 - 1 600 000/100 g stool. There 
was moreover a c l e a r correlation between the level of infection, the degree 
of anaemia, and the half-survival time of the circulating red cells and daily 
gastrointestinal blood loss measured with 5 1 Cr. The degree of anaemia was 
lessened by iron therapy and further lessened after deworming. These ob-
servations pointed to hookworm infection as the principal cause of anaemia 
in the patients investigated in this area . 

Conclusions 

The contractors conclude that the principal factors causing anaemia in 
Turkey are poor nutritional status and related low gastric acidity, gastro-
intestinal bleeding due to parasitic infections and, in women, multiple preg-
nancies and gastrointestinal bleeding due to various diseases. Pilot surveys 
suggest that the relative importance of poor nutritional status and gastro-
intestinal bleeding due to parasitic infections can vary considerably in rural 
a reas . 
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RESEARCH CONTRACT No. 190 

Title 

Iron metabolism in experimental hookworm infections. 

Research institution 

School of Tropical Medicine, University of Medical Sciences, Bangkok, 
Thailand. 

Principal scientific investigator 

C. Harinasuta. 

Period of contract 

1 July 1963 - 30 June 1966. 

Scientific background and scope of project 

Human clinical experience has suggested that the response of the indivi-
dual subject to hookworm infection may be considerably influenced by the 
state of the iron reserves in the body. Thus the same level of infection may 
produce a markedly g r e a t e r degree of anaemia in a subject whose diet is 
deficient in iron and whose iron reserves are already depleted at the time of 
infection than in a subject on a normal diet whose iron reserves are initially 
normal. At the same time it is to be expected that the development of hook-
worm infection will i tself modify the state of the r e s e r v e s and the pattern 
of iron metabolism. 

The contractors undertook to study these interrelationships using dogs 
artificially infected with hookworm as experimental subjects. They investi-
gated the development of anaemia and intestinal blood loss and the c o r r e -
sponding changes in the pattern of iron metabolism in four groups of animals 
exposed to infection by Ancylostoma caninum and Ancylostoma ceylonicum, 
namely: 

(a) dogs with normal iron r e s e r v e s maintained on a normal diet; 
(b) dogs with normal iron reserves maintained on an iron-deficient diet; 
(c) dogs with depleted iron reserves maintained on a normal diet; 
(d) dogs with depleted iron reserves maintained on an iron-deficient diet. 

Experimental methods 

Male dogs weighing 10 - 20 kg were used throughout. Since all dogs were 
found to be naturally infected with hookworm, they were first wormed until 
their stools were free from ova. Dogs with normal iron reserves were then 
obtained by giving a normal diet ( r i ce + beef or fish) together with supple-
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ments of iron for a suitable period. Dogs with depleted iron reserves were 
similarly obtained by giving an iron-deficient diet (rice + large intestine of 
ox + sweetened condensed milk) and bleeding repeatedly. The dogs were then 
reinfected with hookworm by spreading the filariform larvae on filter paper 
and placing the paper on the shaved skin of the abdomen. The number of 
larvae used was adjusted to give a mean worm load of about 200, corresponding 
to a total intestinal blood loss of about 10 ml/d. 

Blood haemoglobin concentration, blood haematocrit, plasma iron con-
centration, plasma unsaturated iron-binding capacity and plasma protein 
concentration were followed throughout each experiment by routine haemato-
logical methods. The daily rate of intestinal blood loss was similarly 
followed by means of intravenously injected 5 ICr-labelled red cells. When 
the degree of anaemia and the rate of blood loss in each animal were approxi-
mately stabilized, an iron turnover study was carried out by means of intra-
venously injected 5 9 F e . The animal was then sacrificed and the worm load 
estimated in t e r m s of. the number of larvae recovered from the intestinal 
t rac t . ' The distribution of the administered 5 9 F e in different t issues was 
studied; the iron content of the liver was also determined by a standard 
chemical method. 

Results obtained 

Some difficulties were encountered in standardizing the level of infection 
and the worm loads found at sacrifice varied considerably from animal to 
animal. As seen from Table I, an inverse relationship was observed between 
the worm load and the daily rate of intestinal blood loss per worm. 

These variations in worm load markedly affected the degree of anaemia 
observed in individual animals. Nevertheless a consistent pattern of de-
velopment of anaemia could be recognized in most cases, this pattern having 
three phases - an initial phase of utilization of iron reserves during which 
blood haemoglobin concentration remains little changed, a second phase when 
reserves are exhausted and anaemia develops rapidly, and a final phase when 
blood haemoglobin concentration is again stabilized but at a lower level. 

Clear differences in the time relationships of this pattern could be recog-
nized between the four groups of animals studied. Thus in dogs with normal 
iron reserves on a normal diet, the initial phase continued for some 6 weeks, 
whereas in dogs with depleted iron r e s e r v e s on an iron-deficient diet the 

T A B L E I. RATE OF BLOOD LOSS P E R WORM AT VARIOUS 
L E V E L S OF INFECTION 

Worm load No. of animals Mean rate of blood loss per worm 
(ml/d) 

< 100 23 0. 084 

100 - 500 21 0 .040 

> 500 . 8 0 .031 
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second phase commenced after 2 or 3 weeks, or almost as soon as the worms 
were fully developed and were causing intestinal blood loss. 

From the measurements of intestinal blood loss and blood haematocrit it 
was possible to calculate the rate of red cell production in each animal during 
the initial and final phases of the development of anaemia. These calcu-
lations indicated that dogs with normal reserves on a normal diet maintained 
a normal or slightly elevated rate of red cell production throughout the period 
of study. Dogs with normal reserves on an iron-deficient diet showed an 
initially normal rate of red cell production but this rate fell as the reserves 
became exhausted. Dogs with depleted reserves on a normal diet showed an 
initially depressed rate rising towards normal as dietary iron was utilized. 
Dogs with depleted r e s e r v e s on an iron-deficient diet showed a low rate 
throughout. It was noteworthy however that even in dogs with normal r e -
serves on a normal diet the rate of red cell production did not rise by more 
than 50% above the normal value of 0.35 ml/kg body weight per day. 

The studies of iron turnover with 5 9 F e showed accelerated turnover in 
all animals but failed to reveal any significant differences between the four 
groups studied, either as regards the clearance of injected 5 9 F e from the 
plasma or the distribution of 5 9 Fe in the various body tissues observed after 
sacrifice. Since these studies were carried out during the final phase of the 
development of the anaemia, it is likely that the iron reserves of all four 
groups of animals were similarly depleted at the time. Support for this hypo-
thesis may be found in the corresponding values of plasma iron concentration, 
which were low in all four groups. The values of liver iron content found 
after sacrifice were similarly low and likewise failed to show any consistent 
differences between different groups. 

The values of plasma protein concentration remained effectively un-
changed throughout in all animals studied. 

Conclusions 

The results demonstrated that the pattern of development of anaemia in 
experimental hookworm infection in dogs is significantly affected by the initial 
state of the iron reserves in the body and by the amount of iron in the diet, 
although these effects may be obscured by variations in the level of infection 
and the corresponding rate of intestinal blood loss. No evidence was found 
to suggest any relationship between the initial state of the iron reserves and 
the final degree of anaemia or the final pattern of iron metabolism in the 
infected animal. 

The studies are being continued with special reference to the role of 
dietary iron. 
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RESEARCH CONTRACT No. 190 
Title 

Use of radioisotopes in the evaluation of intestinal lambliasis as a cause 
of malabsorption. 

Research institution 

Department of Nuclear Medicine, School of Medicine, University of 
Concepción, Concepción, Chile. 

Principal scientific investigator 

G. Domke. 

Period of contract 

1 April 1964 - 31 March 1966. 

Scientific background and scope of project 

Inhabitants of the area surrounding the city of Concepción in Chile pre-
sent a high incidence of intestinal parasitic infection. Infection with 
G. lamblia is prevalent and is characterized by gastrointestinal disturbances 
which appear to originate in the large intestine. As a result of this infec-
tion many of the patients develop physical incapacity, which varies from a 
simple loss in body weight to more severe types of illness. Clinical e x -
perience suggests that in acute infection essential nutrients fail to be ab-
sorbed through the gastrointestinal tract and the object of this contract was 
to investigate this point in detail by making measurements of different nu-
trients in relation to their intestinal absorption. Such measurements were 
carried out by means of radioisotope techniques and correlated with clinical 
studies of the patients including X - r a y examination of the gastrointestinal 
t ract as well as other conventional clinical and biochemical tests . 

Experimental method 

Thirty-six men and 16 women were thoroughly examined. Different 
types of studies were performed on 44 of them before and after treatment. 
The cases selected for this study were those found to be infected with only 
one type of parasite, e. g. intestinal lambliasis. A group of normal indivi-
duals was examined with the same methods as those used with the patients. 

The following studies were performed: 

(a) Epidemiologic and sanitary conditions of the patients. 

(b) Clinical history, with special emphasis on gastrointestinal symptoms 
and the laboratory examinations related to them. 

1 8 1 



i 
(c) Chemical studies to evaluate malabsorption. 

(d) Haematological studies including serum iron level, carotene level, etc. 

(e) Biopsy of the duodenum or jejunum mucosae by means of Crosby's 
capsule. 

(f) Radioisotope techniques: 
(1) Schilling's test, studying vitamin B12 absorption with the aid of 

5"?Со-В12. Total urine excreted in the 24 hours following the in-
gestion of the capsule was measured. When the excretion values 
were found to be low the test was repeated with the addition of the 
intrinsic factor. Schilling's test was performed in 30 normal con-
trols and in 18 patients with lambliasis intestinalis. 

(2) Fat absorption was studied in 27 patients with lambliasis and in 
25 healthy controls by means of oleic acid labelled with 1 3 1I and 
trioleine labelled with 125I. Homogenized faeces were measured 
in toto in a scintillation counter. 

(3) Ten healthy individuals and 8 patients with lambliasis were injected 
with 10 to 20 AiCi of 1 3 1I-PVP to study the faecal excretion. 

(4) Iron absorption was studied in 13 patients and 13 controls with the 
aid of 5 9 F e (5 to 10 /uCi 5 9Fe plus 100 mg of ascorbic acid and 10 mg 
of ferrous sulphate orally fed). The total amount of faeces excreted 
for the 7 consecutive days following ingestion was counted in a 
scintillation counter. 

(5) Blood loss was measured in the two above-mentioned groups after 
the injection of their own 5 1 Cr tagged red cells, and results ob-
tained in faeces were expressed as "ml of blood loss per day" . 

(6) Biological samples were counted by means of a scintillation counter 
with a 2-in. X 2-in. crystal of Nal, bearing the proper collimation 
in order to measure the in toto radioactivity. Some samples of 
urine and blood were counted by means of a well scintillation counter 
with a í f - i n . X 2-in. crystal with a 16 mm diameter perforation. 
A fixed geometry was used in all cases, and a predetermined num-
ber of counts was set so as to obtain an approximate statistical 
e r r o r of about 1%. A Siemens-Reiniger-Werke (Erlangen) scaler 
was used with an attachment of an electronic watch and a pulse-
height analyser. 

(7) Once the study was finished patients with lambliasis intestinalis 
were treated with one of two specific drugs: Acranyle (doses of 
300 mg/day for 7 days) or Furoxone (300 to 400 mg/day for 
a similar period). All the above-mentioned studies were repeated 
in 44 out of the 52 mentioned patients. 

Results obtained 

(a) Epidemiologic survey showed that 32 out of 52 patients lacked potable 
water. The economic condition of most of them was found to be extremely 
poor. 
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T A B L E I. ABSORPTION OF F A T S 

Chemical balance 
(per cent of daily absorption 

with a 70 g 
daily diet of fats) 

Oleic acid 131I 
(per cent of dosis) 

Trioleine 125I 
(per cent of dosis) 

Normal controls 96 ± 3.25% 97.1 ± 2.9% 96 i 3.2% 
(25 patients) (14 patients) (17 patients) 

Lambliasis w 
; 

(x) (x) 

(27 patients) 

Patient 1 81.2 - 96.2 84.0 - 99.0 -

2 81.2 - 76.7 - 94.3 

3 83.4 - 93.1 81.0 - 92.0 -

4 83.9 79.4 - 94.1 -

5 84.7 - 92.8 - -

6 86.3 - 97.1 - 84.1 - 90.1 

7 87.7 - 94.2 - 84.0 - 93.6 

8 91.7 - 94.2 86.3 - 90.0 -

9 - 27 92.6 - 99.2 93.6 - 100.0 93.2 - 101.2 

(x) = post-treatment. 

(b) Clinical data: 
(1) 31 patients suffered loss of weight which in some cases was very 

severe (between 15 and 20-kg in a period of 4 to 15 months) before 
examination. 

(2) Diarrhoea was observed in 56% of the cases . 
(3) Astenia ,was present in 50% of the cases . 
(4) Nervousness and insomnia was present in 42% of the patients. 
(5) Pain in the upper part of the abdomen was recorded in 13 patients (25%). 
(6) Meteorism, nausea and vomiting plus fever was observed in 9, 5 

and 2 patients respectively. 

(c) Parasitological examination of faeces showed that all patients presented 
Giardia lamblia cysts and trophozoites. 

(d) X- ray examination of the G.I. tract and gall bladder demonstrated abnor-
malities in 11 out of 21 patients for the G.I. tract, whereas no abnormality 
was found in the gall bladder or the biliary duct in any of the patients. The 
most interesting findings in the G.I. tract were those in the duodenum where 
duodenitis was common. Findings in the small long intestine (19%) were 
similar to those usually found in the malabsorption syndrome. Changes in 
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motility were frequent and have also been described associated with the 
malabsorption syndrome. 

(e) Absorption studies: 
(1) Chemical fat balance studies were performed on 25 controls after 

ingesting 70 g of fat per day. 96. 3 ± 3. 25% was absorbed, and an 
absorption rate under 90% was classified and considered as patho-
logical. When the balance study was performed in 27 patients with 
lambliasis 7 c a s e s showed results below 90%. It can be stated 
therefore that a moderate steatorrhoea was present in 25% of the 
cases studied. 

(2) Absorption studies made with radioactive labelled fats yielded simi-
lar results to those obtained by chemical balance, as it can be seen 
in Table I. 

(f ) m I - P V P test showed, except in one of 8 cases, a similar faecal loss 
to that observed in 10 normal controls. 

(g) Carotene in plasma is normally used as a screening test for the mal-
absorption syndrome, normal values ranging between 170 ± 63 Mg % of plasma. 
12 out of 25 examined cases showed values below 100 Mg %, 5 of those cases 
presenting values that were definitely below 50 /ug %. 

(h) Schilling's test: the excretion in urine of ingested labelled vitamin B 1 2 

during 24 hours yielded results of 18. 3 ± 4. 7% of absorption in 30 normal 
cases . Sixteen patients with lambliasis showed normal results. Only two 
cases showed low values, and one of them could be corrected after the ad-
dition of the intrinsic factor. 

(i ) Haematological aspects and absorption of radioactive iron were studied. 
Fifty-nine patients were examined by routine haematological tests. Twenty-
nine of them presented normal haemoglobin values (above 90%), 20 showed 
values between 50 and 90%, and only 3 had values below 50%. The serum-
iron level was studied in 17 c a s e s (the normal values for the laboratory 
being 110 ± 4 0 Mg %). Five c a s e s presented values below 70 ng %. Iron 
absorption values for 13 Controls were 25. 2 ± 7. 1% (related to the 2 mg of 
elementary iron fed simultaneously with the radioactive t racer ) . Nine out 
of 13 patients with lambliasis showed a normal absorption, which was under 
the normal level for the remaining 4 cases. 

(j ) Blood loss, as measured with 5 1Cr, showed a daily loss of 1.3 ± 0 .6 ml 
of blood in faeces per day. Eight out of 10 patients presented normal values. 
Only in 2 cases the loss was increased. 

(k) Tolerance to therapy: half the patients treated with Acranyle complained 
of nausea and pain in the upper abdomen. On the contrary, tolerance to 
Furoxone was excellent, since only 1 patient complained about nausea while 
starting treatment. 
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(1) Results achieved after treatment: a fast clinical recovery was observed 
in all patients. Both the drugs used seemed to be equally effective. Para-
sitological controls after treatment showed negative results (e .g . a total 
disappearance of both cysts and trophozoites) in alineases. In a few cases 
the cysts and trophozoites reappeared in the faeces several months later . 

The radiological images as well as the impaired motility of the intestine 
became normal in the affected cases . Fat absorption (measured either by 
the chemical balance method or by means of labelled fats) also became 
normal after treatment. Excretion of 1 3 1I-PVP became normal after specific 
treatment in the 2 cases which had previously presented abnormal results. 
Carotene level was raised to above 100% after therapy, in the 5 patients 
that had values below 50 Mg % before treatment. Of the 2 patients in respect 
of whom the Schilling test showed abnormal results, one of them showed 
normal absorption values when the test was repeated after the addition of 
the intrinsic factor. The other case did not improve either with the intrinsic 
factor nor after specific therapy. Therapy had an excellent effect on haemo-
globin values since all of them were raised. This was accompanied by a 
simultaneous rise in the serum-iron level. Iron absorption became normal 
in 3 of the 4 cases that had a low value before treatment. 

Conclusions 

There is a high incidence of lambliasis in Chile (from 8 to 15%). It is 
more frequent in the north and it affects principally people living under poor 
economic conditions. Incidence in children is by far higher than in adults. 
The several tests performed have demonstrated the varying extent to which 
this disease can affect the absorption of different vital nutrients. Results 
tend to indicate that lambliasis is a disease affecting mainly the small long 
intestine. Normal results obtained on absorption of vitamin B 1 2 in lambliasis 
patients (vitamin B 1 2 being absorbed in the distal part of the ileon) tend to 
confirm the previous statement. The clinical response of patients to treat-
ment was excellent in general. Nevertheless, there were some cases with 
recurrent infections due in most circumstances to family infection and r e -
infection or re-transmission of the disease. Treatment of the family group 
(simultaneously with that of the patient) and improvement of the general sani-
tary conditions of the population are of the utmost importance. The mecha-
nism by which absorption and other intestinal functions are impaired as a 
result of infection by lambliasis is not yet clear and deserves to be further 
studied. 
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RADIOISOTOPE APPLICATIONS IN HYDROLOGY 

RESEARCH CONTRACTS Nos. 132, 184* 

Title 

Variations in isotope composition of water and their use in hydrological 
studies in the Trieste karst region. 

Research institutions 

No. 132: Osservatorio Geofisico Sperimentale, Trieste, Italy; 
No. 184: Elektrogospodaraska skupnost Slovenije ELES, Ljubljana 

Yugoslavia. 

Principal scientific investigators 

No. 132: F . Mosetti; 
No. 184: F . Boltezar. 

Period of contracts 

No. 132: 15 December 1961 - 15 December 1964; 
No. 184: 7 January 1963 - 31 May 1965. 

Scientific background and scope of projects 

Variations in the isotopic composition of water occur for several reasons. 
Of these, the most important are (a) altitude and temperature of precipi-
tation, (b) a decrease in the concentration of heavier isotopes in watervapour 
moving from the ocean across the continents, and (c) a decrease in concen-
tration of heavier isotopes in evapotranspirated water. The ratios of the 
stable isotopes 'JH/1H and l sO/ l l iO vary over a wide range in different phases 
of the hydrological cycle, and are expressed as the deviations 6 (in %o) from 
the ratios in Standard Mean Ocean Water (SMOW). Thus, the more negative 
the б-value, the greater is the concentration of the lighter isotope. In the 
work described below the main factor of interest which affects the 6-values is 
the altitude of precipitation. In general 'lighter'(i. e. more negative 6-values) 
precipitation is found at higher altitudes. 

Tritium ( 3H) in precipitation and surface water nowadays is almost 
entirely due to nuclear testing. Concentrations in precipitation are a maxi-
mum in the spring-summer and a minimum in the autumn-winter in common 

* A single summary has been included for these two contracts, because of the close collaboration 
throughout the project of the two institutes concerned. The original titles were: 
Research Contract No. 132: The use of tritium for studying underground water connections inkarstic regions. 
Research Contract No. 184: Tracing source of Timavo spring water. 

187 



with other fallout radioisotopes. Concentrations in surface water depend on 
the relative proportions of precipitation and groundwater and the tritium 
concentrations in these two contributing s o u r c e s . 

In this work, variations in the natural isotope composition of water are 
used to decide which of severa l possible s o u r c e s feed karst springs near 
T r i e s t e in Italy. This problem has been studied in this region since the 
17th century, using a variety of t r a c e r s without a complete elucidation of the 
problem. 

Experimental method 

Samples were taken over a period of several months of the water in the 
relevant springs and in the r ivers and direct precipitation suspected to feed 
these springs, and the tritium and 1 8 0 concentrations were measured. 

Results obtained 

Sufficient difference in 6 l s O values and tritium concentrations was found 
between the different possible sources of water, to show which were the main 
contributors to the different springs. 

Conclusions 

Some general conclusions may be drawn from the above exper iments 
which may be useful in other cases . In the first place, no attempt is made 
to draw broad conclusions on karst hydrology as this involves collection of 
considerably more data of all kinds over a longer period of time, while in the 
present instance only var iat ions in isotope composition are c o n s i d e r e d . 

The information obtained from isotope composition is more qualitative 
than quantitative but the method is relatively rapid and should be used in 
preliminary studies to obtain a rapid qualitative picture. Long-term 
measurements using other hydrological techniques to obtain a quantitative 
picture can then be planned bet ter . 

When using isotope methods, as with other methods, information obtained 
with only one technique is not sufficient. 

In experiments of this type it cannot be known a priori if there will be 
sufficient difference in composition of the water from several sources , so 
the first step must be to check on this. In the experiments described above, 
significant differences were found, but this will not be the case in all localities 
at all times of the year . 

In karst regions the flow rates in different parts of the same system are 
always changing and the relative contributions of w a t e r from different sources 
to a part icular spring are never the same. Thus when an artificial t r a c e r 
is added, although quantitative information is obtained, it applies only to the 
particular conditions pertaining during the experiment, and several experi-
ments must be made to obtain data for each important typical set of conditions. 
With natural t r a c e r s the results are more qualitative but they can be quickly 
obtained under each set of conditions. 

In planning an experiment very important considerations are the places 
and frequency of sampling. In this particular case very frequent sampling 
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was considered necessary due to the rapid flow rates of the underground 
water. The evidence obtained was due largely to the frequency of sampling 
which showed the short period variations in the natural composition of water. 

Papers published on work done under the contract 

ERIKSSON, E. , MOSETTI, F., Sur l 'emploi du tritium comme traceur dans des problèmes d'hydrologie souter-
raine (On the use of tritium as tracer in underground hydrology problems), Boll. Geofis. teor. appl. 4 (1962) 16. 

ERIKSSON, E., MOSETTI, F. et a l . , Some new results on the karstic hydrology with the use of tritated water as 
tracer, Boll. Geofis. teor. appl. J5_(19i¡ü) 17. 

MOSETTI, F. , Nuova interpretazione di un esperimento di marcatura radioattiva del Timavo (A further contri-
bution to knowledge of the Timavo's underground hydrology). Boll. Ceofis. teor. appL 7 1965) 27. 

MOSETTI, F. , ERIKSSON, E. et a l . , Un nuovo contributo alla conoscenza dell*idrologia sotteranea del Timavo 
(Further interpretation of a radioactive-tagging experiment in the Timavo), Tec. I tal. 28 (1963) 4. 
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RESEARCH CONTRACT No. 190 

Title 

Laboratory evaluation of gamma-emitting t r a c e r s for groundwater 
with special regard to EDTA- 5 1 C r . 

Research institution 

Chalmers University of Technology, Institute of Geology, Goteborg, 
Sweden. 

Principal scientific investigator 

G. Knutsson. 

Period of contract 

27 December 1962 - 31 March 1966. 

Scientific background and scope of project 

Some properties of water-bearing formations may advantageously be 
investigated by applying radioactive tracers. The search for suitable tracers 
has been the subject of studies in many laboratories. It became apparent 
that careful and numerous laboratory studies are needed to evaluate each 
proposed and promising t r a c e r . 

Some metal organic complexes, among them 5 1 Cr-EDTA, have been 
examined and used in the field. F i r s t successful results were reported 
by Lacy and de Laguna (1956) followed by reports of adsorption and r e t a r -
dation by Heemstra (1959). Several field and laboratory tests in Sweden 
have shown that 5 1 Cr-EDTA is not retarded or adsorbed in coarse grained 
granitic material. 

The purpose of the research project was to test the behaviour of very 
low concentration of the complex with various minerals and to compare its 
movement with that of tritium. Four main topics were included in the project: 

(1) Investigations into the preparation and purity control of 5 1Cr-EDTA; 
(2) Analysis of simultaneous determination of 51Cr and3H; 
(3) Application of a flow cell for laboratory and field work; 
(4) Investigations of the behaviour of 5 1 C r - E D T A in various mineralo-

gical environments and in different kinds of soil. 

Experimental method 

The laboratory experiments were performed in columns 500 mm long. 
Each experiment was performed either with pure quartz sand, or with 
mixtures of quartz with a quantity of each of the fine ground minerals of 
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rock specimens to be tested, normally, 10% by weight. In some tests, the 
column was, however, filled with the particular soil to be tested. 

Water was pumped through the column for some hours, then the t racer 
solution was injected over periods ranging from one to several days, and 
after that water was again added to wash out the t racer solution. Normally, 
pumping was made at a rate of 4 0 - 4 5 ml/h, but the effect of variation in 
flow rate was also studied. The outflow was collected hour by hour in a 
conventional fraction collector, thus providing hourly averages. The activity 
of 5 1 Cr was measured by scintillation counting, using a well-type Nal 
crystal , and that of 3H by liquid scintillation counting. All results were 
given a specially designed statistical treatment. The results were presented 
as curves giving the concentration of the two nuclides in question in the 
outflow as percentage of the injected t r a c e r solution. 

In each of the test runs, the curves for 3 H and 5 1 C r activity are com-
pared. The break-through appears a couple of hours after injection was 
started, and it is normally very fast, indicating that very little longitudinal 
mixing is involved. After a few more hours, a level is reached, at which 
the activity remains constant within the statistical errors , due to the method 
of measurement. Finally, the curves slope quickly a few hours after in-
jection of t r a c e r is stopped. The activity of the samples decreases 
exponentially towards zero. 

The mineral specimens used in the tests have been selected with great 
care . Large crystals of the rock-forming minerals were collected and then 
crushed and ground. The composition of the powdered minerals was checked 
either by optical methods, differential thermal analysis or X - r a y diffraction. 
Some of the clay mineral specimens used in these tests were reference clay 
minerals of the American Petroleum Institute, Research Projec t No. 49. 

The water used in most of these tests was a normal type of ground-
water from the Kallebáck spring near Gothenburg. The tes ts with soils 
were executed in groundwater from the same aquifer as the soils. Physical 
and chemical analyses were made of these types of water. In some princi-
pal tes ts distilled water was used, in some other tests NaOH and buffer 
solution was added to distilled water to get a pH-value corresponding to that 
of water in alkaline rocks. Determinations of pH were made continuously 
during all the column tests . The temperature of water at different points 
of the process was also checked continuously. 

The mechanical composition of the ground minerals and of the soils 
was investigated by sieving and sedimentation analysis. Total and non-
capillary porosity of the packed columns was determined by weighing — 
drainage — drying, and weighing again. 

Results obtained 

150 column tests have been executed with 20 different minerals, 5 types 
of rocks and 6 different kinds of soil. About 15 000 samples have been taken 
and 32 000 measurements of activity recorded. 

In quartz sand, which was used as a reference material, the results are 
conclusive: 5 1 C r - E D T A is neither adsorbed nor delayed in relation to 
down to concentrations of 0.001 ppm chromium. A very slight retardation 
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is noticed at 0.0001 ppm, the lowest concentration that could be detected 
by our method (Fig. 1). After passing 500 mm tightly packed quartz sand 
5 1 Cr-EDTA passes the column 1% more slowly than does tritium. The r e -
covery of tritium iS in all cases 100%, the provisional value for 5 1 Cr-EDTA 
falls between 98 and 100%. If quartz sand is mixed with quartz powder (10.25 
and 50% by weight respectively) greater longitudinal dispersion takes place, 
but the recovery and relative transport rate of 5 1 C r - E D T A and 3H are not 
changed. 

FIG. 1. Recovery curves of 51Cr-EDTA (0.0001 ppm) and 3H in quartz sand. 
s lCr-EDTA = — o — . 3H = — X - . (J = Эб^о confidence interval. 

Within the feldspar group, microcline has no effect upon the 5 1Cr-EDTA 
complex down to 0.001 ppm. In albite and bytownite (plagioclase mineral) 
there is a distinct but very slight retardation of 5 1 C r - E D T A by 2% at the 
concentrations of 0.001 to 0.1 ppm. The recovery of 5 1 C r - E D T A is well 
above 98% at all concentrations down to 0.001 ppm. 

In calcite, dolomite and limestone, like in the feldspar group, at 
0.0001 ppm, the delay is some 3% and the recovery around 97%. In some 
tests in calcite at high pH (8-9) the chromium complex is moving somewhat 
faster than tritium. 

In micas a difference between muscovite and biotite occurs. In musco-
vite the recorded recovery is 100% for both t r a c e r s (Fig. 2). In biotite, 
5 1 C r - E D T A is very slightly retarded (2%) but the recovery is only 92% at 
the concentration of 0.0 1 ppm (Fig. 3). The behaviour in talc corresponds 
to that in muscovite. 

, Ferromagnesian silicates — in hornblende at 0.001 and 0.01 ppm, r e -
tardation of 7 and 2% were found and the recovery was 96 and 99% (Fig. 4). 
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In augite the recovery is 98% for both t r a c e r s , but s l C r - E D T A is 3% r e -
tarded. In olivine retardation is more obvious andthe recovery of 5 1 Cr-EDTA 
is only 94%. 

FIG. 2. Recovery curves of 51Cr-EDTA (0.01 ppm) and JH in 90<?o quartz sand and lO^o muscovite powder. 
s lCr-EDTA = — o — . 3H = - x - . ^ = 95% confidence interval. 

In limonite (only 5% as mixture in quartz sand) and goethite, and in 
magnetite, the retardation is very obviously demonstrated: goethite 40%, 
limonite 9% and magnetite 6%. The 5 1 Cr-EDTA curves do not reach a con-
stant level (Fig. 5), which also indicates that considerable exchange takes 
place. As is seen in Fig. 5 the adsorption is reversible and more recent 
measurements show that high recovery values would be obtained if the 
column had been worked for a sufficiently long time. 

In graphite powder, at 0.001 ppm the retardation was 19% and the 
recovery 97-98%. A complete loss of 5 1 Cr-EDTA was found in tests with 
activated charcoal. 

Clay minerals - Chlorite gives rise to an extreme delay of 5 1 Cr-EDTA 
(Fig. 6), 43% at 0.1 ppm and 50% at 0.01 ppm. 3H moves twice as fast as 
SlCr-EDTA. The recovery of the complex is, however, 100% if the test 
is permitted to go for an extended period. The exchange process seems to 
be reversible. The recovery of 3H is 100% and the shape of the curve is 
rather normal. In kaolinite there is a different shape of both curves, but 
no indication that column characteristics would be different from those of 
the other clay minerals, besides montmorillonite and bentonite. Hence a 
retardation of both 3H and 5 1 C r - E D T A is likely, but the complex moves 
somewhat slower (6%). It is identified by our curves that the recovery 
would have been 100%. 
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FIG.3. Recovery curves of 5 1Cr-EDTA ( 0 . 0 1 ppm) and 3H in 90% quartz sand and 10% biotite powder. 
5 ICr-EDTA = — о — . 3H = - x - . ^ = 95% conf idence interval. 
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FIG. 4. Recovery curves of s lCr-EDTA (0 .01 ppm) and 3H in 90% quartz sand and 10% hornblende powder. 
5 1 Cr-EDTA = — o — . 3H = - X - . 2 = 95% confidence interval. 
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FIG. 5. Recovery curves of 51Cr-EDTA (0.1 ppm) and 3H in 90% quartz sand and 10% goethite powder. 
51Cr-EDTA = — о — . 'H = - X - . J = 95% confidence interval. 
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FIG. 6. Recovery curves of s lCr-EDTA (0 .01 ppm). and ' н in 90% quartz sand and 10% chlorite powder. 
51Cr-EDTA = — о — . 'H = -x— . £ = 95% confidence interval. 
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FIG.7. Recovery curves of s lCr-EDTA (0 .1 ppm) and 3H in 
90% quartz sand and 10% bentonite powder. 
5 1 Cr-EDTA=—o—. 3 H = - x - . J = 95% confidence interval. 



Both t r a c e r s were considerably delayed by passing through a mixture 
containing 10% illite, illite bearing shale, and attapulgite. In both cases , 
5 1 Cr-EDTA moves slower than 3H, e .g . 10% at the concentration of 0.01 ppm 
in illite and 24% at the concentration of 0.1 ppm in illite bearing shale. 

The tests in montmorillonite and bentonite have given results of great 
interest: 51Cr-EDTA is moving faster than 3H. In montmorillonite the dif-
ference is 23% but the 3 H-curve reaches 100%. However, a certain loss 
of 5 1 Cr-EDTA seems to occur, the recovery being 95%. In bentonite the 
behaviour of SlCr-EDTA and 3H is still more different. The difference of 
transport rate is still 25-30%, but even in a very long test (one over 8 days) 
the 3 H-curves never reach higher than 82-85%) of the injected solution. 
SlCr-EDTA curves reach 92-100% (Fig. 7). Studies to determine whether 
the adsorption of 3H is reversible or not are in progress . 

In sand and gravel consisting of granitic and porphyric grains there is 
an identical transport of 5 1 C r - E D T A and 3H down to the concentration of 
0.001 ppm. But if there is a precipitation of goethite on the grains, which 
is the normal condition in the B-horizon of a podsol, there is a certain r e -
tardation of the complex (4%) and a recovery of only 88-89%. Significant 
effects upon 5 1 C r - E D T A were also obtained in fine-sandy till. In one test 
at 0.01 ppm the delay of 5 1Cr-EDTA relative to 3H was 17% but the 3H curve 
was rather flat and with a long tail. So there was likely to be a consider-
able retardation of 3H too. Field tests in the same type of till have given 
a similar result. In sphagnum peat of high humification there was a slight 
retardation of 3H (1%). The3H-curve reaches 100%, the siCr-EDTA only 
96%. 

Conclusions 

The laboratory tests described support the earlier view that 5 1Cr-EDTA 
is a reliable t racer down to concentrations of 0.001 ppm in silty, sandy and 
gravelly soils composed of the most common minerals. Naturally it is also 
reliable in fractured rocks consisting of these minerals. Some of the ferro-
magnesium silicates (biotite, hornblende) have a considerable effect upon 
5 1Cr-EDTA. All minerals in which there is a delay of 5 1Cr-EDTA are basic 
minerals. These are characterized by the presence of iron, manganese, 
magnesium and calcium. In the presence of these metals in certain pH 
ranges there will be an exchange for chromium and a precipitation of the 
latter. Tests in goethite, limonite, magnetite and gravel with precipitated 
goethite showed a clear influence of iron-bearing material on 5 1 Cr-EDTA. 
The tests in calcite, dolomite and talc show that the presence of calcium 
and magnesium has no effect upon 51Cr-EDTA. The progress in iron-
bearing minerals mostly seems to be reversible. Only in biotite there is 
an evident loss of 5 1 C r - E D T A . 

Montmorillonite (bentonite), a swelling clay mineral, is the only mineral 
where 51Cr-EDTA is moving faster than 3H, but 3H seems to be somewhat 
delayed in the other clay minerals . Montmorillonite and bentonite have, 
however, a much stronger effect upon 3H, probably due to the extremely 
large specific surface of these minerals and the presence of interlayer 
water. The tests performed at different concentrations of3H indicate that 
there may be an isotope effect involved. 
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Papers published on work done under the contract 

KNUTSSON, G. , s'Cr-EDTA och andra sparamnen tor mStning av grundvattenstromning ("Cr-EDTA and 
other tracers for measuring ground-water flow), GrundfSrb'áttring 2 (1964) 145. 

KNUTSSON, G., Tracing groundwater flow in sand and gravel using radioactive isotopes, Steirische Beitrage 
zur Hydrogeologie (1966, in print). 

KNUTSSON, G., FORSBERG, H.G., "Laboratory evaluation of 51Cr-EDTA as a tracer for ground water flow", 
Use of Radioisotopes in Hydrology, IAEA Vienna (1966, in print). 
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RESEARCH CONTRACT No. 190 

Title 

Determination of direction and velocity of groundwater flow in a single 
borehole using radioisotopes. 

Research institution 

Bundesversuchs- und Forschungsanstalt Arsenal, Vienna III, Austria. 

Principal scientific investigator 

J . Mairhofer. 

Period of contract 

20 December 1962 - 19 December 1965. 

Scientific background and scope of project 

The project was intended to fully explore the radioisotope method for 
determining groundwater velocity by the injection of isotope solution into 
a well. The development of accurate techniques for the determination of 
the velocity of groundwater flow is one of the long standing interests of 
hydrologists, as this information contributes to the estimation of permeability 
(water conducting properties of an aquifer) and of the storage time of water 
in a groundwater aquifer. The velocity and direction information can be 
directly used in such problems as the identification of areas of active recharge, 
and the prediction of the possible distribution of radioactive waste or other 
wastes injected underground. 

The direction of groundwater flow through an extensive aquifer is normally 
determined from the peizometric surface established from information on 
water levels in wells. This may also give relative indications of groundwater 
velocities. Other techniques include tracing between two wells, which has 
limited application, and the investigations using tritium and carbon-14 
concentration gradients. The techniques based on the two latter isotopes 
may be very useful under the proper conditions. 

The technique under study in the research contract gives information 
on the velocity of water in a relatively small area immediately around the 
injection well. To obtain information on movement over a broad area it is 
necessary to make tests in many wells distributed over the area of interest. 

The project involved the development of the necessary instrumentation, 
testing of the instruments under a variety of simulated field conditions by 
means of a laboratory model, and application of the technique to several 
field problems. One of the tests involved the determination of groundwater 
velocity by the point dilution method, the two-well method, the single-well 
method used in Israel, and the standard pumping test. 
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Experimental method 

The experimental method uses an instrument which contains the isotope 
in pre-mixed condition, in a cylinder which is sealed at the two ends by 
inflatable rubber seals . A scintillation counter is inside the cylinder. In 
operation the cylinder is introduced into the well to the desired depth in the 
perforated length. The outside cylinder shell is dropped by an e l e c t r i c a l 
signal from above. This exposes the radioisotope solution to the flow of 
groundwater through the well. At the same time the rubber end seals a re 
inflated so that the isotope mixture is confined to a section of the well. Flow 
of groundwater through the confined section continuously dilutes the isotope 
solution (exponentially with time) so that a straight line plot of activity with 
time (hence velocity) may be made on semi-logarithmic graph paper. 

The velocity actually measured is the 'filtration velocity' which is 
related to the groundwater velocity by a fac tor which is a function of the 
porosity of the well casing, the respective diameters of the well and gravel 
pack, porosity of the latter and of the aquifer. 

Results obtained 

A number of resul ts were obtained in the laboratory model which 
generally confirmed the theory of the method and indicated that the method 
could be used in the field to obtain groundwater velocity m e a s u r e m e n t s 
provided that the necessary information concerning the well installation and 
aquifer properties was available. ' In the absence of the latter information 
only the filtration velocity could be obtained. 

All the above s tatements a r e based on the determination of only the 
horizontal component of flow through the well. The presence of v e r t i c a l 
currents invalidates the measurement. It was found in actual practice that 
vert ical currents were present in most c a s e s and the velocities measured 
were usually too high. This was particularly emphasized by the final field 
experiment which compared four techniques: 

1. Calculated velocity deducedfrom pumping drawdown measurements 
2. Two-well method 
3. Single-well technique used in Is rael (this involved forcing a cloud 

of radioactivity into the aquifer outside the well) 
4 . Point dilution technique. 
The results of the first three methods were in relatively good agreement 

whereas the fourth gave a high result. 

Conclusions 

The point dilution method is useful in situations where the construction 
of the well is such that artificial ver t ica l currents are not induced and 
where the permeability is sufficiently uniform over the vert ical section so 
that local ver t ica l flow is not induced by permeability variations. These 
requirements severely r e s t r i c t the application of the method. 

Probably the best use of the method is in the identification of fast 
flowing underground s t r e a m s such as a r e associated with leakage f rom a 
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reservoir and in the identification of highly permeable horizons in stratified 
aquifers. 

Papers published on work done under the contract 

BOROWCZYK, M. , MAIRHOFER, J. , ZUBER, A. , Laboratory investigations on the determination of the 
filtration velocity by means of radioisotopes. Atomkernenergie 10.9 (19ü5) 51-56. 

MAIRHOFER, J. , Die Bestimmung von Fliessrichtung und Filtergeschwindigkeit in einem einzigen Bohrloch 
mittels Radioisotopen. (The determination of flow direction and filtration velocity in a single borehole 
by means of radioisotopes), Steirische Beitrage Hydrogeol. (1966, in preçs). 

MAIRHOFER, J. , "Groundwater flow and direction measurement by means of radioisotopes in a single 
well", Symp. on Isotope Techniques in the Ilydrological Cycle, Urbana. 111. , Nov. 1965 (1966, in press). 
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RESEARCH CONTRACT No. 190 

Title 

Field testing of flow and sediment gauging techniques using radioisotopes. 

Research institution 

Agricultural Research Council of Central Africa, Salisbury, South Rhodesia. 

Principal scientific investigator 

W.G. Wannell. 

Period of contract 

1 December 19G4 - 30 November 1965. 

Scientific background and scope of project 

Radioactive t r a c e r s have been proposed and used in the past for the 
streamflow measurements . The introduction of radiotracers offers the 
advantage of detection of low concentrations of the t racer in river water and 
the measurement in situ. On the other hand the handling of the radioisotopes 
under field conditions and the relatively delicate measurement techniques 
are major problems to be solved. The project is an attempt to evaluate the 
value of different methods and radioisotopes in streamflow measurements 
during high r iver stages. 

Experimental method 

Two rivers in Rhodesia, the Inyagui and the Umwindsi were selected 
for experimental work as part of IAEA Research Contract No. 301 to investi-
gate the value of radioisotopes in river flood flow measurements. But due 
to the exceptionally early termination of the rains it was not possible to carry 
out any flood flow gaugings. However, the experiments carr ied out in low 
flow conditions gave useful information concerning the use of the radioisotopes 
in streamflow measurements. 

In total 6 experiments were made using different methods such as 
Gardner and Dunn single sample method, multiple sample method and the 
continuous injection method. Chromium-51 EDTA and iabAu were used as 
t r a c e r s . 

Results obtained 

It was found that the Gardner and Dunn method was seriously affected by 
the rapidly changing t r a c e r concentrations in the river , or location of the 
sampling point in the r iver and particular c a r e was needed to collect the 
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sample very close to the probe and to ensure that the sample is taken 
instantaneously. 

A new development of the streamflow measurement by radioisotopes 
was also introduced by using a partially filled large calibration tank in the 
total count method. 

The calibration of the in situ counting arrangement is one of the problems 
encountered in the technique using radioisotopes. 

A solution of this problem is utilizing a counting container through which 
river water is diverted by using a pump (Hull). A second solution is to use 
the concentration of tracer in a single sample for the calibration of the probe 
in situ (Gardner and Dunn). 

Both methods are well suited to the gauging of shallow rivers where infi-
nite volume counting geometry in the river is not available. A third method 
for shallow streams, having the advantage of high sensitivity obtainable with 
the probe in situ became apparent during the calibration tests carried out in 
a 1000-gal tank. By reproducing water depths similar to stream conditions 
in a partially filled 1000-gal tank, it was shown that the change in detection 
sensitivity as a function of depth was small. It was found that for a tank the 
diameter of which is effectively infinite (6 ft for 198Au average gamma-ray 
emission energy of 0.4 MeV) water depths greater than 2 feet were not criti-
cal. It was observed that a depth increase of 6 inches from 2 ft 6 in. to 3 ft Oin. 
produced a relative increase in count rate (based on the value for infinite 
geometry) of only 1.4%. 

The advantages of the partially filled large tank calibration can be sum-
marized as follows: 

(1) The calibration sample of the Gardner and Dunn method is not re-
quired and hence the difficulties involved in representative sampling do not 
arise. 

(2) The directness and high sensitivity of the probe in situ used in the 
Gardner and Dunn method is retained. 

(3) The only equipment in the field at the sampling station is a water-
proofed radiation detector and scaler. 

A comparison of the flow measurement by the continuous injection method 
with the measurement pulse injection method was also made. The develop-
ment of a simple long duration continuous injection unit which is described in 
detail in the original report overcomes the objections which are made to 
the method of the continuous injection method. These include: 

(a) the increased handling problems; 
(b) the l a r g e r amounts of t r a c e r needed for continuous injection; 
(c) the need for information concerning the injection and sampling 

periods. 
The authors of the report express the opinion that, subject to confirmation 

of the satisfactory nature of the results of the last experiment, the use of a 
continuous injection flow measurement preceded by a preliminary pulse 
injection to determine the required time parameters ( tracer arrival time, 
duration of the injection) may develop into a routine method. In this case 
the amount of radioisotope used for continuous injection will be only a fraction 
more than that used in a pulse injection flow measurement. 
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The experiments also gave some useful information concerning the safety 
aspects. The concentrations were sufficient to enable the measurements to 
be carried out with the desired accuracy and yet at no time they were above 
the Maximum Permissible Levels (MPL). 

In the laboratory considerable difficulties were encountered in the 
counting of very dilute solutions of 198Au, due to the positive adsorption affi-
nities of the t r a c e r for the polythene. The authors recommend therefore 
that: 

(1) To enable corrections to be applied for variation in the sensitivity 
of the apparatus, frequent measurements of a standard activity should be 
made. 

(2) The possibility of contaminating the measuring container by ad-
sorption of t racer on to the inner walls should be checked regularly. This 
is best done by frequent measurement of background counting rate using tap 
water in the measuring container in place of the river samples. 

(3) Glassware and containers used in the experiment are particularly 
important for the container used for the counting vessel. 

Conclusions 

(1) Effect of change of stage upon pulse behaviour: In order to check 
the effect of change of stage on the characteristics of the pulse, itis necessary 
to work on a reasonable selection of stages varying from flood flow to low 
flow conditions. As there was no heavy rain during the period tests, the 
work was confined to the recession limb of the hydrograph. The largest 
flow difference between measurements at the same site was on the Inyagui 
River, where a flow of 180 ft3/sec for the first gauging dropped to 80 ft3/sec 
for the second gauging - this on a river the catchment area of which at this 
point is 616 square miles, and the flood flows of which would normally vary 
between 1000 and 10 000 ft 3 /sec, with peak flows up to about 50 000 ft 3 /sec. 
The information obtained which is applicable to this portion of the contract is 
summarized in Table I. 

T A B L E I. VARIATION OF PULSE BEHAVIOUR WITH FLOW RATE 

Flow Pulse arrival time Pulse peak time Pulse duration t i m e a 

(ft3/sec) (min) (min) (min) 

180 32 38 75 

80 48 61 180 

3 The end of the pulse is defined as the time at which the net count rate dropped to 1% of the 
peak count rate. 

(2) Mixing distance as a function of river stage: In general sampling 
stations were so chosen that confidence could be placed on adequate mixing 
conditions. This was confirmed by preliminary fluoresceine tests, which 
also assisted in the selection of individual sampling points. 
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As a result therefore, no detailed information was obtained about rele-
vant data on mixing distances. With the knowledge gained on certain river 
sections, and the experience gained in the application of gauging techniques, 
the study of problems involved in this aspect of the investigation will be 
greatly enhanced in the next s e r i e s of experiments. It is also intended, 
during the next rainy season, to check the reduction of mixing distance which 
can be achieved by use of multiple injection points across the river. 

(3) Comparison of different radioisotope t r a c e r s : The only isotopes 
used in the experiments carried out so far were 198Au (in the form of a col-
loidal metallic suspension stabilized with gelatine) and 5 1 Cr (in the complex 
bound EDTA form). Although from the availability, half-life and economic 
standpoint 198Au is satisfactory for flows of up to approximately 2000 ft3/sec, 
its suspected adsorption and unknown behaviour in extremely dilute solution 
may make it an unsatisfactory isotope for gauging river stretches where the 
velocity is low or where vegetation abounds. 

As far as the present experiments are concerned it can be stated with 
certainty that no systematic change in results with the location of sampling 
stations was evident. Therefore significant loss by adsorption did not take 
place. Considerable difficulties were however experienced in the counting 
of 19йАи samples which had been stored in polythene bottles. 

Chromium-51 EDTA is eminently suitable for river gaugings, also up 
to about 2000 ft 3 /sec. As far as its adsorption characteristics are concerned, 
theoretically it compares favourably with colloidal Also the MPL is 
higher than with gold. 

The following disadvantages should be noted, however: 
(a) It has a low detection sensitivity on account of its low gamma-ray 

specific emission factor (lower than 19BAu by a factor of 15). 
(b) Due to its low detection sensitivity, curie amounts will be necessary 

for high flow measurements, and because of its specific activity 
such amounts are difficult to obtain and would be expensive. 

(4) Most suitable techniques for regular application: The evaluation of 
different sampling techniques based on considerations of speed, reliability 
and minimization of human e r r o r , leads to the methods of choice being as 
follows : 

(a) Probe in r i v e r with continuous recording (Simulated Geometry 
Calibration) supplemented by 

(b) Pumped Integrated Sample. 
Method (a) recommends itself by virtue of its greatly increased counting 

sensitivity, its comparatively simple calibration and the invaluable record 
of pulse time and duration. 

Method (b) provides a useful check and a safeguard against the failure of 
electronic equipment during the pulse transit time, and requires very little 
additional equipment and effort. 
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FOOD PRESE R VA TION В Y IRRADIA TION 

RESEARCH CONTRACT No. 222 

Title 

The radiation resistance of micro-organisms, particularly Salmonella, 
of epidemiological importance in Thailand. 

Research institution 

Department of Bacteriology, Veterinary College, Kasetsart University, 
Bangkok, Thailand. 

Principal scientific investigator 

L. Tanasugarn. 

Period of contract 

1 September 1963 - 31 August 1966. 

Scientific background and scope of project 

There is a large number of food and feed products which are regarded 
as hazards to both human and animal health because they are potential 
sources of food poisoning organisms and sometimes other pathogenic micro-
organisms. For many kinds of food and feed products, heat sterilization is 
unsatisfactory due to losses in nutritive value, changes in processing 
characteristics, high costs etc. An alternative method is therefore desired 
and there seems little doubt that radiation treatment offers possibilities that 
should be explored further. Thailand has the potential to produce and ex-
port great quantities of egg products, poultry, pork and other meats were 
it not for the high incidence of Salmonellae and similar microbes which make 
the products unacceptable to other countries. Thus it was n e c e s s a r y to 
study radiation resistance of Thai food poisoning organisms and to compare 
the results with published figures. This was a type of research work that 
had to be carried out in the country where a practical application was fore-
seen. The organisms, the radiation resistance of which was of interest to 
study are primarily pathogenic enteriobacteriaceae like Salmonella, Shigella 
and enteropathogenic E^ coli. Initially the distribution of these microbes 
in Thai foods and feeds had to be investigated and the most common orga-
nisms isolated and identified and secondly, their radiation resistance in 
different products and under different conditions had to be determined. 
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Experimental method 

In this part of the project concerning detection, isolation and identifi-
cation of Salmonella from Thai food and feed products the following media 
have been applied: Buffered brilliant green bile glucose broth of Mossel 
et al. ; MacConkey agar (Oxoid); Desoxycholate c i t ra te agar (Difco) and 
Wilson and Blai r medium (Oxoid); as confirming media Kligler iron agar 
(Difco), sulphide indole motility medium (BBL); urea agar slants (for dif-
ferentiation between Proteus and Salmonellae). Serological typing has been 
done also. To determine the radiation r e s i s t a n c e of isolated Salmonella 
the brain heart infusion broth culture of them was mixed with ground beef. 
After loading into s ter i le test tubes the samples of the mixture w e r e i r -
radiated with various doses using two sources of radiation, namely: ( l ) the 
nuclear reactor which operates at 1000 kW with dose rates of 10 000 rad/min 
and 20 000 rad/min,- (2) Cobalt-60 source of approximately 8000 Ci with a 
dose rate of about 14 000 rad/min. Irradiated samples were examined both 
by enrichment media and by direct counts in solid media. The enrichment 
media were tetrathionate broth of Difco and of Oxoid. The relative medium 
was MacConkey agar (Oxoid). The solid medium for bacterial count was 
modified MacConkey agar . 

Results obtained 

It was found that 1.1% of 3870 samples of beef, pork, catt le l iver , 
chicken l iver , pig l iver and fish m e a l sold in Bangkok market contained 
Salmonellae. Both Salmonella derby and Salmonella anatum are predomi-
nant. The radiation treatment of these products is the only possible way 
of freeing them of Salmonellae. Salmonellae are moderately sensitive vege-
tative bacteria and with radiation doses around 5X 105 rad they will be con-
siderably reduced in number. There is little difference between the Dm 
value of each Salmonella in both g a m m a s o u r c e s , c o b a l t - 6 0 and nuclear 
r e a c t o r , if the m e a s u r e m e n t of the radiation dosages is a c c u r a t e . 

Conclusions 

It can be concluded that Salmonella can be eliminated from fresh and 
prepared foods and feeds by the use of ionizing radiation. The application 
of this type of treatment would be largely one of enconomics and a public 
health need. 

Papers published on work done under the contract 

TANASUGARN, L., Public health aspects of food irradiation, J . microbiol. Soc. Thailand К (1966) 32-36. 
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MISCELLANEOUS 

RESEARCH CONTRACT No. 262 

Title 

A systematic study of integral dose and efficiency in multiple-field and 
moving-field teletherapy; part of a co-ordinated p r o g r a m m e of r e s e a r c h 
in the physics of radiotherapy. 

Research institution 

Radiophysics Institute, Gothenburg, Sweden. 

Principal scientific investigator 

Inger Ragnhult. 

Period of contract 

1 August 1964 - 31 July 1965. 

Scientific background and scope of project 

The concept of "efficiency" in radiotherapy is relat ively new. ICRU 
Report lOd (1963) defined the Integral Dose Efficiency F a c t o r as "The ratio 
of the integral dose in the target volume to the total integral dose to the 
patient". While the significance in radiotherapy of the integral dose as such 
is still controversial , there can be no doubt that, other things being equal, 
a high efficiency fac tor is advantageous. F o r defined tumours in actual 
patients the efficiency fac tor is easily calculated and s e r v e s as an index 
of the relative merits, in physical terms, of alternative treatment techniques. 
In the present study, however, efficiency is considered as a general problem 
in clinical dosimetry, with particular reference to multiple-field teletherapy 
using high-energy photon beams. 

Experimental method 

Important preliminary considerations a r e f irst ly , the significance of 
the phrase "other things being equal"; secondly, the effect on efficiency of 
the assumptions made as to the target volume or area , including its shape 
and size; thirdly, the relationship between the a r e a (i. e. single plane) and 
volume efficiency fac tors . The a r e a factor was derived by graphical and 
digital computer methods. Most of the calculations in this study were made 
with an ALWAC computer at the ADB-Institute, Gothenburg. 
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Results obtained 

Area efficiency fac tors were calculated for a s e r i e s of hypothetical 
tumours in a "patient" of defined c r o s s - s e c t i o n , showing the influence of 
various parameters , such as number of fields, field size, radiation energy, 
and position of the "tumour". 

Conclusions 

The results reveal the difficulty in pract ical c a s e s of obtaining a local 
efficiency above 20 to 30% combined with a sat isfactory dose distribution. 
Translating into three-dimensional terms, the real efficiency factor is likely 
to be of thé order of 0. 1 to 0. 2. A further investigation of efficiency factors 
may clarify the problem of the clinical significance of integral dose. 

Papers published on work done under the contract 

RAGNHULT, Inger, "Evaluation of integral absorbed dose and other physical parameters characterizing the 
radiation field in external radiotherapy", Computer Calculation of Dose Distributions in Radiotherapy, Technical 
Reports Series No. 57, IAEA, Vienna (1966) 157. 
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Acta trop.separatum suppl. 9 (1966) 23-27. Contract No.208. 

KINDERMAN, E.M., MILLS, J.S., "A method of identification and inspection for inventory control of irradiated 
fuel elements", Nuclear Materials Management, IAEA, Vienna (1966) 275. Contract No.244. 

BURAS, В., On the possibility of simultaneous structure and lattice dynamics studies of solids using the time-
of-flight methods, Institute of Nuclear Research, Swierk, Rep. INR No. 702/II/PS (Mar.1966). Contract No.255. 

KORKISCH, J., AHLUWALIA, S.S., Separation of uranium by combined ion exchange-solvent extraction, 
Analyt.Chem. 38Д1966) 497 -500. Contract No.67. 

PALENZONA, D.L., Effetto materno ed eterosi in mais (Maternal effect and heterosis in maize), Atti Ass. 
genet.ital. XI (1966, in press). Contract No.61. 

SCOSSIROLI, R.E., Conseguenze su caratteri quantitativi del trattamento dei semi con raggi X in T.Durum. 
EterogeneiOi fenotipica di progenie derivate da semi trattati e non trattati (Effects on quantitative characte-
ristics of treating T. Durum seeds with X-rays. Phenotypic heterogeneity of offspring obtained from treated 
and untreated seeds), Atti Ass.genet.ital. XI (1966, in press). Contract No.61. 

РАЙ, V. , PAIÍ, M., RUBCIÓ, A. , Directional dependence of exposure measurements of gamma rays by 
film badges, Phys.Med.Biol. П 2 (1966) 244. Contract No. 141. 

p a i í , v . , RUbCiÍ, a . , Effect of environmental scatter on film badge readings, Phys.Med.Biol.и 2 (1966) 
239. Contract No. 141. 
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VAISH, S .К . , IGNATIUS, M., BAKER, S . J . , Albumin metabolism in tropical sprue, Q.J .Med., New Series 
34 133 (1965) 15-32. Contract No. 134. 

BAGLIANO, G. , OSSICINI, L., The adsorption of metal ions from HF-HC104 mixtures on some ion exchange 
papers, J . Chromât. 21_(1966) 499-502. Contract No.265. 

BAGLIANO, G. , OSSICINI, L., LEDERER, M., Chromatography on ion exchange papers. XIX. Ion exchange 
of metal ions in thiocyanic acid, J . Chromât. 21 (1966) 471-80. Contract No.265. 

Ben PORATH, M. , HOCHMAN, A., GROSS, J . , A comparison of 1-125 and 1-131 as tracers in the diagnosis 
of thyroid disease: II. Clinical aspects, J .nucl.Med. 7.(1966) 88-98. Contract No. 127. 

GORDON, A., SHAPIRO, O. , STEIN, O. , GROSS, J . , "A study of iodine metabolism in the rat thyroid using 
a double label technique", Proc. 5th Int. Thyroid Conference on Advances in Thyroid, Rome, 23-27 May 1965 
and in Current Topics in Thyroid Research, Academic Press, N .Y . , pp.107-111. Contract No.127. 

Gross , J . , GORDON, A. , SHAPIRO, O. , STEIN, O. , Some aspects of the geographical biochemistry of 
iodine in the thyroid gland, Israel J . m e d . S c i . 1 6 (1966) 577-79. Contract No.127. 

MATSUURA, T . , Various parameters affecting retention and specific activity in S . - C . Reaction of hexamine" 
and trisethylenediamine-cobalt ions on an ion-exchanger, Í . inorg. nucl. Chem. 28_ (1966) 313-21. Contract 
No.221. 

SHIGEMATSU, A., MIZUSAWA, Y . , HIRAI, T . , Incorporation of two radioactive amino acids into the 
nucleic acid fractions in tobacco leaves infected withtobaccomosaicvirus, Virology 28. (1966) 3 3 1 - 3 8 . 
Contract No.236. 

FOY, H., KONDI, A., MBAYA, V. , Hematologic and biochemical indices in the East African baboon. Blood 
26 (1965) 682. Contract No. 133. 

FOY; H., KONDI, A., MBAYA, V . , Serum vitamin B12 and folate levels in normal and riboflavin -deficient 
baboons (Papio anubis), Br.J.Haemat. 12,(1966) 239. Contract No. 133. 

BROOK. R.D., FRANKLIN, I .R . , The effect of desiccation, storage and radiation intensity on mutation rate 
in tomato pollen, Rad.Bot. 6.(1966) 171-79. Contract No.110. 

SAITO, T . , HONDA, H., "Systematic insecticidal properties of certain organic phosphorus compounds to 
the green peach aphid, Myzus persicae Sulzer, and the tobacco cutworm, Prodenia litura Fab." . Scientific 
Pest Control, Botyu-Kagaku 31 2 (1966) 77-81 . Contract No.236. 

HIDVÉGI, E . J . , HOLLAND, J . , BÔLONI, Elisabeth, VÁRTERÉSZ, V . , Enrichment of polysomes in the liver 
upon X-irradiation in vivo. Acta biochim.biophys.Acad.Sci.hung. 1_(1966) 107-12 . Contract No.275. 

LEDERER, M., OSSICINI, L., The adsorption of metal ions on exchangers with phosphoric groups from perchloric 
acid solutions, J . Chromât. 22.(1966) 200-03. Contract No.265. 

MORlKAWA, O., SAITO, T . , "Degradations of vamidothion and dimethoate in plants, insects and mammals". 
Scientific Pest Control, Botyu-Kagaku 31.3 (1966). Contract No.236. 

Van HAI, T . , LAUDELOUT, H., phosphate uptake by intact rice plants by the continuous flow method at 
low phosphate concentrations. Soil Sci . 101 5 (1966) 408-17. Contract No. 171. 

DAVŒS, A . J . S . , LEUCHARS, E. , WALLIS, V . . KOLLER, P . C . , The mitotic response of thymus-derived 
cells to antigenic stimulus. Transplantation 4 4 (1966) 438-51. Contract No.313. 
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MAIRHOFER, J . , "Groundwater flow and direction measurement by means of radioisotopes in a single well", 
Symp. on Isotope Techniques in the Hydrologie Cycle, Urbana, Illinois, November 1965 (in press). Contract 
No.177. 

NIR, A., "Development of isotope methods applied to groundwater hydrology", Symp. on Isotope Techniques 
in the Hydrologie Cycle, Urbana, Illinois, November 1965 (in press). Contract No. 136. 

MÜNNICH, K.O., ZIMMERMANN, U., ROETHER, W., KREUTZ, W., SCHUBACH, K., SIEGEL, O., Down-
ward movement of soil moisture traced by means of hydrogen isotopes. Evaluation of évapotranspiration, 
Proc. 6th Int.Conf. Radiocarbon and Tritium Dating, Pullman, Wash., 1965 (1966). Contract No.215 . 

GAT, J .R . , The determination of characteristics of water bodies with the aid of bomb produced tritium pulses, 
Proc. 6th Int.Conf. Radiocarbon and Tritium Dating, Pullman, Wash., 1965 (1966). Contract No. 136. 

VERHAGEN, B . T . , SELLSCHOP, J . P . F . , Tritium measurements of subterranean water in some South African 
sites, Proc. 6th Int.Conf. Radiocarbon and Tritium Dating, Pullman, Wash., 1965 (1966) Contract No.240. 

VERHAGEN, B . T . , SELLSCHOP, J . P . F . , Problems in the enrichment of tritium by the thermal diffusion 
techniques, Proc. 6th Int.Conf.Radiocarbon and Tritium Dating, Pullman, Wash. 1965 (1966). Contract 
No.240. 

MAIRHOFER, J . , Die Bestimmung von Fliessrichtung and Filtergeschwindigkeit in einem einzigen Bohrloch 
mittels Radioisotopen (The determination of flow direction and filtration velocity in a single borehole by means 
of radioisotopes), Steirische Beitrâge zur Hydrogeologie (1966, in press). Contract No. 177. 

DANSGAARD, W., Stable isotopes in precipitation, Tellus 16.4 (1964). Contract No.325. 

NIR, A., On the hydrological significance of isotope analysis with special reference to tritium data, J.geophys. 
Res. (1966, in press). Contract No. 136. 

HAZZAA, I .В . , GIRGIS, R.K. , SAAD, K . F . , A method for the determination of aquifer parameters using 
radioactive isotopes, Int.J.appl.Radiat. Isotopes 16 (1965) 487 . Contract No.302. 

HAZZAA, I .В . , SAAD, K.F. , GIRGIS, R.K. , BAKR, A. A., SWAILEM, F.M. , Determination of the porosity 
of ground water aquifers by the radioactive tracer technique, Int. J . appl. Radiat. Isotopes 16^(1965) 261. Contract 
No.302. 

TAKAHASHI, T . , Measurement of tritium at natural levels, Nucl.Sci.of Japan, Translations (1966). Contract 
No.368. 

TAKAHASHI, T . , HAMADA, T . , YAMASAKI, F. , An externally quenched hydrogen counter for low level 
tritium measurements, Nucl.Instrum.Meth. 35 (1966) 120. Contract No.368. 

HAMADA, T . , TAKAHASHI, T . , NISHIDA, M., Development of enrichment and counting method for analysis 
of tritium and application of the method in hydrology, Proc. 7th Japan Conf. on Radioisotopes, Tokyo, May 1966 
(in press). Contract No.368. 

HAMADA, T . , TAKAHASHI, T . , Measurement of radioactive gases - Externally quenched counters, Radiat. 
Phys., Tokyo, Suppl. 2 (1965) 64. Contract No.368. 

PADZIK, A., NIEMEZYNOWICZ, J . , FRACZEK, E. , Examples of the use of tritium for solving some hydro -
geological problems, Proc. 3rd Polish ntn. Symp. on the Use of Radioisotope Techniques,. Szczecin, Paper 
N0.13 (1966). Contract No.271. 

BOROWCZYK, M. , MAIRHOFER, J . , ZUBER, A., Laboratory investigations on the determination of the fi l-
tration velocity by means of radioisotopes, Atomkernenergie _1£ 9 (1965) 51-56. Contract No. 177. 
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CORCORAN, E.F. , KIMBALL, J . F . , Jr . , ALEXANDER, J . E . , An improved method of filtration for chlorophyll 
analyses, Bull. mar. Sci. Gulf Carib. 14 4(1964) 545-48. Contract No.94. 

ERIKSSON, E., MOSETTI, F . , Sur 1 "emploi du tritium comme traceur dans des problèmes d'hydrologie sou-
terraine (On the use of tritium as tracer in underground hydrology problems), Boll.Geofis.teor.appl. 4 (1962) 
16. Contract No. 132. 

ERIKSSON, E., MOSETTI, F. et a l . , Some new results on the karstic hydrology with the use of tritiated water 
as tracer, Boll.Geofis.teor.appl. 5 (1963) 17. Contract No. 132. 

MOSETTI, F., ERIKSSON, E. et al . . Un nuovo contributo alla conoscenza dell'idrologia sotterranea del Timavo 
(A further contribution to knowledge of the Timavo's underground hydrology), Tec. ital . 28^(1963) 4 . Contract 
No.132. 

MOSETTI, F . , Nuova interpretazione di un esperimento di marcatura radioattiva del Timavo (Further inter-
pretation of a radioactive-tagging experiment in the Timavo), Boll.Geofis.teor.appl. £(1965) 27. Contract 
No.132. 

SORIA, F . , «Etude des populations et de dispersion de Ceratitis capitata Wied. (Dipt. Trypetidae) en Tunisie 
"à l'aide des radioisotopes » (Radioisotope investigation of Ceratitis capitata Wied. (Dipt. Trypetidae) population 
and distribution in Tunisia), Radiation and Radioisotopes Applied to Insects of Agricultural Importance, IAEA, 
Vienna (1963) 357-63. Contract No.168. 

SORIA, F. , KECHAOU, M. , Amélioration des techniques d'élevage, de marquage et d'étude de populations 
de la mouche méditerranéenne des fruits en Tunisie (Improvement of breeding and tagging techniques and 
study of Mediterranean fruit fly populations in Tunisia), Paper presented at the Panel on Advances in Insect 
Population Control by the Sterile-Male Technique, copies available from INRAT; see also IAEA Technical 
Reports Series No.44, IAEA, Vienna (1965) 17-20, 25-26. Contract. No. 168. 

SORIA, F . , Perspectives de lutte biophysique contre Ceratitis capitata Wied. en Tunisie (Prospects for bio-
physical campaign in Tunisia against the Ceratitis capitata (Wied.)), INRAT Doc. Techn. No.8 (1965) 1 - 9 ; 
Paper presented at the Réunion du Comité des Agrumes de la Zone Franc (C.A.Z.F . ) , Tunis, February 1965. 
Contract No. 168. 

SORIA, F. , Les méthodes d'enquête en écologie de la cératite (Methods for investigation of ceratitis ecology), 
INRAT Doc.Techn. No. 10 (1965) 1-11; Paper presented at the Réunion du Comité des Agrumes de la Zone 
Franc ( C . A . Z . F . ) , Tangier, June 1965. Contract No. 168. 

YAMAGATA, N., IINUMA, T . A . , Total body burden of cesium-137 in Japanese in 1964 as assessed by blood 
analysis, Hlth Phys. 12^(1966) 901-07. Contract No. 140. 

MORIGUCHI, E. , SUZUKI, K. , WADA, A. , Studies on the relationship between the transforming activity 
and the integrity of DNA as revealed by ultraviolet flow dichroism, Biochim.biophys. Acta 109 (1965) 578-84. 
Contract No.220. 

MORIGUCHI, E., SUZUKI, K. , Enzymatic breakdown of UV-irradiated DNA by the extract from M. lyso-
deicticus. Biochem.biophys.Res.Commun. 24 (1966) 195-202. Contract No.220. 

ONO, J . , SHIMAZU, Y . , Ultraviolet reactivation of a bacteriophage containing a single-stranded DNA as a 
genetic element, Virology M (1966) 295. Contract No.220. 

CREMERS, A., Van LOON, J . , LAUDELOUT, H., "Geometry effects for specific electrical conductance in clays 
and soils", Proc. 14th nam.Conf. Clays and Clay Minerals, Berkeley, Calif., Pergamon Press (196Q. 
Contract No.171. 
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MATSUURA, T . , SASAKI, T . , Separation of recoiling chromium (II) ion from neutron -irradiated chromium 
(III) ion by the dynamic method using ion-exchanger, Inorg. nucl. Chem. Lett. 2 (1966) 111-15. Contract 
No.221. 

WINS. P. , SCHOFFENIELS, E., Studies on red -cell ghost ATPase systems: Properties of a (Mg2* + Caf ' ) -
dependent ATPase, Biochim.biophys.Acta 120 (1966) 341-50. Contract No. 162. 

WALL1S, V. , DAVIES, A . J . S . , ROLLER, P .C . , Inhibition of radiation-induced leukaemia by the injection 
of haematopoietic tissue: A study of chimaerism. Nature 210 5035 (1966) 500 -04 . Contract No .313 . 

MASSERA BOTTAZZI, E., VINCI, A., Verifica délia legge di Millier e osservazioni sulla struttura mineralógica 
delle spicole degli Acantari (Protozoa) (Verification of the Miiller law and observations concerning the mineral 
structure of the spiculae of Acantharia (Protozoa)), Ateneo parmense. Acta nat. 1 1 (1965). Contract No. 62. 

MASSERA BOTTAZZI, E., Forme di incistamento negli Acantari (Protozoi) (Types of cyst formation in 
Acantharia (Protozoa)), Ateneo parmense, Acta nat. 2 (1966). Contract No.62. 

MASSERA BOTTAZZI, E., Nivalia schreiberi n.ge.n.sp., asorivibile a Nivaliidae n.fam. (Protozoa Acantharia) 
(Nivalia schreiberi, novum genus and new species adscribable to the new family of Nivaliidae (Protozoa 
Acantharia)) Atti Soc.ital . Sci.nat. 54 3 (1965). Contract No. 62. 

MASSERA BOTTAZZI, E., VANNUCCI, A., Acantharia in the Atlantic Ocean; A systematic and ecological 
analysis of plankton collections made during cruise 89 of R.V. Crawford of the Woods Hole Oceanographic 
Institution, 3rd Contribution, Archo Oceanogr.Limnol.15_2 (1965). Contract No.62. 

SCHREIBER, В . , Etudes sur la radioactivité du plancton et des sédiments cStiers de la Mer ligurienne (Studies 
of the radioactivity of plankton and of coastal sediments in the Ligurian sea), Commn int.Explor.scient.Mer 
Méditerr.Rapp.P.v. Réun. 18 3. Contract No. 62. 

SCHREIBER, В . , С ERRA I, E. , TRIULZI, С . . PELA TI, L. , Biología .-Contenuto di Sr'° nell'acqua di mare 
e nel Plancton dei Mari Adriático e Ligure-Tirreno nel periodo 1960-1964 e relativi fattori di concentrazione 
(Biology. -Sr'O contents of sea water and plankton in the Adriatic and the Ligurian -Tyrrhenian seas during the 
1960-1964 period, and relative concentration factors), Atti R.Accad. ital.Rc.Classe di scienze fisiche, mate-
matiche e naturali, Series VIII, M 6 (June 1965). Contract No.62. 

TRIULZI, C . , PELATI, L. , Andamento délia radioattività beta totale in campioni di plancton raccolti nei 
mari Adriático e Ligure-Tirreno durante il periodo 1961-1964 (Trend of the gross beta radioactivity in plankton 
samples collected in the Adriatic and Ligurian-Tyrrhenian seas during 1961-1964), Rc.Ist.lomb.Sci.Lett.B. 99_ 
(1965) 121-32. Contract No.62. 

SCHREIBER, В . , "Radionuclides in marine plankton and in coastal sediments", Symp.on Radioecological 
Concentration Processes, The Swedish National Committee on Radiation Protection Researches, Stockholm 
(1966). Contract No.62. 

HAMA, M., The use of preserved hematopoietic tissues for treatment of mice lethally irradiated with gamma 
rays under high dose rate. (Ill) Effect of preserved homologous fetal liver. Bull.Inst.chem.Res.Kyoto Univ. 
44 1 (1966) 37-56. Contract No. 138. 

ADACHI, K., Modification of hematopoietic cell transplantation in mice irradiated with gamma rays under 
high dose rate. (1) Combined use of AET and bone marrow treatment. Bull.Inst.chem.Res.Kyoto Univ. 44 1 
(1966) 89-102. Contract No.138. 

BIRCH, L.C. , ANDREWARTHA, H.G., Queensland fruit fly: a study in evolution and control. New Scientist 
(28 July 1966). Contract No.234. 

ENS, M . Y . , Matières luminescentes: mesure de la lumière émise (Luminescent material: The measurement 
of light emission), J.suisse Horlog. 11/12 (1965) 191-95. Contract No.303. 
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GARDER, К. , SKULBERG, О. , An experimental investigation on the accumulation of radioisotopes by fresh 
water biota, Arch. Hydrobiol. 62 1 (1966) 50-69. Contract No.37. 

LI, H.W., HU, С .H. . WOO, S . С . , Induced mutation breeding of rice in Taiwan, Bot.Bull.Acad. sin. 7_2 
(1966) 71-79 . Contract No.286. 

ARTAEGA, A., BARZELATTO, J . , COVARRUBIAS, E., VALIENTE, S . . ROSALES, E. , MICHE LI, С . , 
TORRES, I . C . , Dieta y lfpidos sanguíneos en una población indígena genéticamente aislada (Indios pehuenches) 
(Diet and serum lipids in Pehuenche Indians living in an isolated community), Nutr.Bromat.Toxic. 4 (1965) 
125. Contract No. 189. 

HRADEÍNÁ, Z . , Radioresistence bakteriofSga (Radioresistance of bacteriophage), £slkS Fysiol. 12 (1963) 
377. Contract No. 142. 

hradeCnX, Z. , ARBER, v . , KELLENBERGER, G. , Dejstvije ionizirujuScego Izluíenija na nSkotoroje funkcii 
fagov (The effect of ionizing radiation on some functions of bacteriophage), Genetika mikroorganizmov. 
Trudy simposia, Moscow, Medgiz (1963) 62. Contract No. 142. 

hradeCnà, z . , PILLICH, I . , t o u f a r o v a , d . , Inactivation of bacteria b. coli and bacteriophage lambda 
after the action of hydroxylamine, Folia microbiol. 9 (1964) 199. Contract No. 142. 

HRADEÜnA, Z . , Interakce bakteriofâga s buKkou (Interaction of bacteriophage with cell), (SslkS Fysiol. 14 
(1965) 286. Contract No. 142. 

HRADEiSnA, Z . . X-ray inactivation of lambda phages. 1. Damage on adsorption and injection, Int.J.Rad. 
Biol. 10 (1966) 443. Contract No. 142. 

HRADEÍNÁ, Z . , TOUFAROVA, D. , Effect of protective substances on inactivation of bacteriophage during 
X-ray irradiation. Folia biol. 12_(1966) 124. Contract No.142. 

ZŒLCZYNSKI, M.L . , ZARNOWŒCKI, K . , "A differential recombination chamber", Neutron Monitoring, 
IAEA, Vienna (1967) 125-33. Contract No.392. 

ZIELCZYNSKI, M.L . , "Determination of dose-equivalent of mixed radiation by LET-dependent detectors". 
Neutron Monitoring. IAEA, Vienna (1967) 109-23. Contract No.392. 

MATSUURA, T . , Dynamic processes of hot atom chemistry in relation to the use of low and medium flux 
reactors (in Japanese), J.atom.Energy Soc. Japan 8 4 (1966) 215-18 . Contract No.221. 

BOTTAZZI MASSERA, E., NENCINI, G . . VANNUCCI, A. . Ulteriori richerche sulla sistemática e sulla 
ecología degli Acantari (Protozoa) del Mare Tirreno (Recent research into the systematics and ecology of 
Acantharia (Protozoa) in the Tyrrhenian Sea), Boll.Pesca Piscic. Idrobiol. Anno XVI 20 1 (1965) 9-40. Contract 
No.62. 

ZMDEWSKA, W., MINCZEWSKI, J . , "Determination.of some components of soil solutions by neutron acti-
vation method" (in Polish), Proc. 3rd natn.Symp. Application of Isotopes in Technique, Szczecin, 31 May-
3 June 1966, Paper No.30 (1966). Contract No.186. 

WINS, P., SCHOFFENIELS, E., Contribution "à l'étude de 1 'ATPase microsomiale des nerfs du homard (Contri-
bution to the study of microsomial ATPase in lobster nerves), Archs,int.Physiol.Biochim. 74 1 (1966) 89-96. 
Contract No.162. 

SCHOFFENIELS, E., Activité de la déshydrogénase de l'acide L-glutamique et osmorégulation (Activity of the 
dehydrogenase of L-glutamic acid and osmoregulation). Arch.int.Physiol.Biochim. 74 2 (1966) 3 3 3 - 3 5 . 
Contract No. 162. 
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GILLES, R., SCHOFFENIELS, E., Dëcarboxylation des acides aspartique et oxaloacëtique chez le homard et 
l*ëcrevisse (Decarboxylation of aspartic and oxaloacetic acids in the lobster and the crayfish), Bull.Soc.chim. 
biol. 48 3 (1966) 397-417. Contract No.162. 

LAUDELOUT, H., "A unified treatment of two ion exchange formulations commonly used in soil science". 
Plant Nutrient Supply and Movement, Technical Reports Series No. 48, IAEA, Vienna (1965) 20-24. Contract 

No. 171. 

BLEIBERG, I . , LIRON, M. , FELDMAN, M. , Reversion by erythropoietin of the suppression of erythroid clones 
caused by transfusion induced polycythemia. Transplantation 3 6 (1965) 706-10. Contract No.196. 

FELDMAN, M . , BLEIBERG, I . , LIRON, M . , The regulation of intrasplenic formation of erythroid clones, 
7th Int.Transplantation Conference, N . Y . , Acad.Sci . , Feb. 1966 (in press). Contract No. 196. 

Van BLADEL, R., LAUDELOUT, H., Etude microcalorimëtrique de la cinétique de 1 "échange ionique dans 
les suspensions d'argile(Microcalorimetric study of the kinetics of ion exchange ill clay suspensions), Colloque 
international de microcalorimétrie C . N . R . S . (Marseille), August 1965, Publications C . N . R . S . Paris (1966 
or 1967). Contract No.171. 

HOLAS, A ., Focusing of the time-of-flight diffractometer for structure analysis. Institute of Nuclear Research, 
Warsaw, Rep.INR No.742/II/PS (Aug.1966). Contract No.255. 

BURAS, В., Application of pulsed neutron sources to structure and lattice dynamics studies of solids, Institute 
of Nuclear Research, Warsaw, Rep.INR No.744/II/PS (Auguust 1966). Contract No.255. 

SMIT, J . , STAMM'LER, P . J . J . , On the variation of the Lu:Dy activation ratio in reactor cells (Technical 
Notes), Nucl.Sci.Engng 24.(1966) 87-92. Contract No.104. 

SUGAHARA, T . , TANAKA, T . , N A G A T A . H . , Restoration from radiation damage with nucleotide mixtures 
in m i c e , Folia biol.(Praha) 1£ (1964 ) 4 6 1 - 6 4 . Contract N o . 2 2 5 . 

SUGAHARA, T . , "Recovery from radiation damage and its modification in mammalian cells", Mechanisms 
of the Dose Rate Effect of Radiation at the Genetic and Cellular Levels, Oiso Conf. held in November 1964. 
A special supplement to Jap J . Genet. 40. Contract No. 225. 

SUGAHARA, T . , TANAKA, T . , Radiosensitivity of bone marrow cells in the mouse strains with different 
LD50, Nippon Acta radiol. 2 ¿ 1 1 (1966) 1255-59. Contract No.225. 

KIDO, K. , TANAKA, T . , SUGAHARA, T . , Effect of a nucleotide mixture (Nucleton) on the depression of 
DNA synthesis by ionizing radiations in regenerating mouse liver, Nippon Acta radiol. 26^(1966) 382-85 . 
Contract No.225. 

SUGAHARA, T . , NAGATA, H., TANAKA, T . , Effect of an alkaline-hydrolyzed product of yeast RNA on 
the survival of repeatedly irradiated mice, Rad.Res. (1966, in press). Contract No.225. 

LAUDELOUT, H., Calorimetric determination of ion selectivity in clay mineral, Soil Sci. 100 (1965) 218-19. 
Contract No. 171. 

Van BLADEL, R., LAUDELOUT, H., Les chaleurs de neutralisation des argiles-H par les hydroxydes alcalino-
terreux (Heats of neutralization of H-clays by alkaline-earth hydroxides), Silic.ind. 30 (1966) 207-10. Contract 
No.171. 

Van BLADEL, R., LAUDELOUT. H., Apparent irreversibility of ion exchange reactions in clay suspensions, 
Soil Sci . (1966, in press). Contract No. 171. 
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GILBERT, M., LAUDELOUT, H., Exchange properties of hydrogen ions in clays, Soil Sci. 100 (1965) 157-62. 
Contract No.171. 

MARTIN, H., LAUDELOUT, H., Thermodynamique de l'échange des cations alcalins dans les argiles (Thermo-
dynamics of alkaline cation exchange in clays), J.Chim.phys. 76^(1963) 1086-99. Contract No.171. 

CREMERS, A. , LAUDELOUT, H. , Effet de la température sur la conductivité électrique des gels argileux 
(Effect of temperature on the electric conductivity of clay gels), C . r .Acad.Sc i . , Paris 259 (1964) 1975-77 . 
Contract No.171. 

LAUDELOUT, H., CREMERS, A. , "Tortuosity effects in clay gels", Plant Nutrient Supply and Movement. 
Technical Reports Series No.48, IAEA, Vienna (1965) 90-94. Contract No.171. 

CREMERS, A., LAUDELOUT, H., Conductivité électrique des gels argileux et anisométrie de leurs éléments 
(Electric conductivity of clay gels and anisometry of their elements), J .Chim.phys. 62^(1965) 1155 -62 . 
Contract No.171. 
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