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addition to that in the tumour with commercial 
gallium-67 is however its serious drawback [2]. We 
have succeeded in avoiding this incovenience by 
injecting gallium-67 made free just before its admin- 
istration [3]. In this way we could image malignan- 
cies even in the liver which has not been reported 
earlier due to high concentration of the radionuclide 
in the healthy organ [l-3]. But, the preparation of 
free or loosely bound gallium-67 from commercial 
gallium-67 citrate is not easy because the composition 
of these solutions is not always the same [4]. Liter- 
ature reports the administration of iron or iron com- 
plexes for improving the quality of tumour image 
with gallium-67 [5]. Although a more rapid tumour 
to blood radioactivity ratio is obtained by the admin- 
istration of these substances, they invariably lead to 
reduction in the radionuclide uptake in the tumour 
and thus to low quality image. We have examined 
the effect of administration of low doses of lantha- 
num on the rate of elimination and on the tumour 
affinity for gallium-67. 

Aqueous solutions of different salts of lanthanum- 
(III) were administered in Morris hepatoma-3924A- 
bearing rats after the injection of commercial gallium- 
67 citrate solutions. Whole body scintigram of the 
rat was taken at different intervals of time after the 
administration of the radionuclide. After the animal 
died, the radioactivity in different organs was mea- 
sured with a well-type gamma counter. 

Lanthanum administration although favours the 
elimination of the radioactivity from the blood it 
does not improve the quality of the tumour image. 
The distribution of gallium-67 in lanthanum(III)- 
treated animals and those which did not receive 
lanthanum will be discussed. 
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Simultaneous determination of low levels of 
Americium and Plutonium in complex matrices has 
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always been difficult to carry out owing to the 
chemical behavior differences of the two actinides. 

An analytical extraction and separation technique 
of the two actinides has been realized utilizing 
Dibutyl, N,N-diethyl carbamylphosphonate (DDCP) 
as a reagent. The possibility has been ascertained of 
performing a separation through partition chromato- 
graphy techniques and through liquid-liquid extrac- 
tion. In particular, such technique has been applied 
to the determination of the two actinides in urine 
samples from personnel exposed to the risk of intern- 
al contaminations due to emitter alpha radionuclides. 
In this case the liquid-liquid extraction technique 
has been adopted for reasons connected with the 
operation rapidity and ease. 

This method involves: wet way sample minerali- 
zation by HN03 and evaporation concentration; 
liquid-liquid extraction of interesting actinides by 
DDCP from a 12 M solution in HN03; sequential 
stripping of Am by HNO, 2 M and of Pu by HCl 
3 M and HNJ 0.1 M; electrodeposition on a steel 
plate and final measurement through alpha spectro- 
metry with surface barrier detector. 

Average final yields obtained through this analyt- 
ical method have been: 80% for Americium, 66% 
for Plutonium. Activity values found in ‘urine whites’ 
are comparable with the full-scale value. Min. detec- 
table values at a 300 min count time have been the 
following: Americium 1.3 X 10e3 Bq/l (0.03 pCi/ 
l), Plutonium 1.6 X low3 Bq/l (0.04 pCi/l). At pres- 
ent, experiments are carried out for applying this 
analytical method on other matrices as well. 
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Solidification of High Level (radioactive) Waste, 
HLW, from reprocessing of nuclear reactor fuels in 
a suitable matrix and subsequent burying in a suitable 
repository are the envisaged final steps of the nuclear 
fuel cycle. Because of the long half-lives of some of 
the actinides (mainly Np, Pu, Am and Cm) and 
because of their decay by emission of an a-particle 
(-5 MeV energy) and a heavy recoil atom (e.g. U 
from Pu-decay, -100 keV energy), the actinide 
behavior in the candidate materials for waste solidi- 
fication deserves particular attention. The materials 
for solidification are glasses or certain minerals, or a 
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mixture, socalled glass-ceramics, ie. ceramic phases 
in a glass matrix. Actinides often become enriched 
in these ceramics which are therefore also called host 
phases. As repositories for solidified HLW, salt 
domes, granite rock or clay layers are envisaged. 

Main questions to be solved before realizing a 
repository concept and before selecting a HLW 
matrix are: corrosion of the solidified waste in water 
(socalled leaching) at realistic temperatures and 
pressures expected for repository conditions, mechan- 
ical and fracture properties and compatibility of the 
HLW matrix with the repository material. Once these 
properties have been determined for the as-produced 
HLW products, the possible changes brought about 
by the radiation damage accumulating during long 
time storage have to be investigated. Damage occurs 
by y-rays, p-decay, (spontaneous) fission, and (Y- 
decay. The first 3 damaging sources contribute, 
however, much less to the total damage production 
than the a-decays. Within the a-decay, most of the 
(displacement) damage is due to the heavy recoil 
atoms. 

Two methods were therefore selected to simulate 
long time damage in shorther times. The most realis- 
tic simulation is the incorporation of a short-lived 
actinide that produces the same o-disintegrations per 
unit mass or unit volume in a reasonably short time 
(months to years) as would be produced under real 
storage conditions in some lo3 years. Another 
versatile and fast simulation is external ion bombard- 
ment with ion beams of the energies (and of the ap- 
proximate masses) of the recoil atoms of the cr- 
decay. Often, Pb ions are chosen. In the present 
study, both methods were utilized and compared. 
In addition, damage was produced by irradiation with 
high energy o-particles. Different types of waste 
glasses, of glass ceramics and of host phases were 
studied. 

Before damage introduction, the leaching behav- 
ior of waste glasses was investigated, often using 
autoclaves and elevated temperatures and pressures. 
Rutherford back-scattering, RBS, was employed to 
determine thickness and composition of the corro- 
sion layers. Electron microprobe analysis yielded 
results for thicker layers. Important enrichment 
factors were observed for actinides and for other 
elements of low solubility (fission products, but also 
glass components such as Ca and Ti) in the corrosion 
layers that formed after contact with water. The 
mechanical property of relevance to the storage prob- 
lem, e.g. the fracture toughness, Krc, was measured 
with the aid of the Hertzian identation technique. 
In this method, spherical indentors are used to 
produce cone-shaped ‘ring cracks’. The method was 
developped to an extent that quantitative results 
were obtained without any empirical fitting para- 
meters as are often used for similar determinations 
with Vickers indentations. Also, the compatibility 

of waste glass and repository salt under the ex- 
pected storage conditions was studied. No mea- 
surable interaction was observed. 

Leaching layers and fracture toughness were also 
measured following Cm-doping or ion bombardment 
of waste glasses. No important effect of damage on 
layer thickness and composition was found for the 
leaching conditions used. Radiation damage usually 
increased the fracture toughness, a very beneficial 
effect. Fracturing of waste glass cylinders should 
be minimized since fractured cylinders, because of 
the larger available surfaces for leaching, could 
potentially deliver more radioactivity into the sur- 
roundings than unfractured cylinders. Causes for 
fracture could be mechanical or thermal stressses. 

Bombardment and damage production with Pb 
ions caused a decrease in fracture toughness. This 
decrease, however, was smaller than that caused by 
adding chemically the same amount of Pb to the 
glass. Pb-0 bonds are known to be weaker than 
Si-0 bonds. For such experiments, ion bombard- 
ment with Pb is thus not a very good damage simula- 
tion procedure. 

Many of the crystalline phases studied became 
amorphous during extended o-decay damage (meta- 
mictization). The amorphization is often connected 
to an essential expansion (swelling) of the product 
due to the lower density of the amorphous phases, 
and also due to accumulation of defects. Data on 
thermal recovery of damage and the recrystallization 
of the amorphous phases have also be obtained. 

For the materials and conditions studied so far, 
the above radiation damage (accumulated at ambient 
temperature) did not cause any dramatic deleterious 
effects. The observed increased fracture toughness 
is a positive effect of radiation damage. 
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Little is known of the biological effects and 
human occupational exposure of the lanthanides. A 
case of a photoengraver professionally exposed to 
cored arc light carbon fumes droped with Ce was 


