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INTRODUCTION 

The general features of our research programme using 
TRIGA MK II, as outlined^ at the last TRIGA Reactor 
Users Conference in Vienna, Sept.28-30,1976, remain the 
same; namely, neutron activation analysis for trace and 
some minor elements. The four main areas presently 
investigated are a) environmental studies, b) life sciences 
research, c) standardization and d) methodology for spe
cific problems arising in the first three topics a), b) 
and c). 

A) Environmental Studies 

(i) fresh water systems 

A major topic here is the investigation of the 
status of the aquatic environment i.e., the rivers and 
lakes, of Slovenia with regard to trace elements, parti
cularly toxic elements accumulating as a result of human 
activities. The main elements determined are As, Cd, Co, 
Cr, Cu, Fe, Hg, Mn, Pb, Ni, Sb, Se, V and Zn. A survey of 
mercury and some other elements (As, Cu, Se, Zn) has been 
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made in fish from the major rivers, and we are studying 
other aquatic species and particularly interested .in 
accumulator or indicator species. The direct analysis of 
water is difficult and subject to great variation so that 
we have concentrated on sediment analyses, and a large 

(2) body of information on the present position accumulated^ . 
(The advantages and disadvantages of water, aquatic organi
sms and sediments as pollution monitors have been excellently 
reviewed recently by Phillips^-^ ). From this work ' we 
might mention some of the conclusions: as well as the 
known pollution with Hg in the Idrijca and Soca rivers 
arising from the mercury mine at Idrija, locally increased 
levels occur near some paper works and pharmaceutical plant. 
High Pb and Zn and increasing Sb levels were found in sediments 
of the river Meza, while the Drava carries a high load of Zn. 
Zn and Gu are high in the Celje industrial basin, and Cr in 
the lower Kamniska bistrica and Ljubljanica due to galvanizing 
plant and the leather industry. Local Cd pollution also occurs 
near galvanizing plant. In lake Bled, upper sediments are 
2 to 3 times higher than lower ones in Cu, Cd, Sb and Zn. 

(h.) Studies have also been made on interactionsv J occuring 
in river water, between the aquatic phase and sediments, in 
the presence of complexing agents such as polyphosphates 
and EDTA. Solubilization of metals can occur when mixing 
industrial and urban effluents. Sulphur dioxide stack emi
ssions can also interact with particulates, e.g. forming 
soluble sulphates capable of wash-out, causing increased 
levels to occur even upstream of plant. 

(ii) The Adriatic: Our laboratory is co-operating in the 
UREP Mediterranean Pollution Monitoring Programme, speci
fically in the pilot project on Hg and Cd in mussels and fish. 
Additionally it is co-operating with the Marine Biological 
Station, Portoroz, in wider studies of water, organisms, 
plankton and sediments in the Adriatic. Some independent 
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studies are also made on fish and other organisms. 
The main part of the work done up to the middle of 
1977 is summarized elsewhere^^. More recently, analyses 
of mussels from the whole Yugoslav coast, and on trace 
elements in pelagic fish and deep-sea fish from the 
Adriatic have been carried out. 

(iii) Fungi: Our interest in fungi as indicators of 
pollution has oaatinued, though we have "been more concerned 
recently with the nature of the uptake and binding of Cd, 
Zn and Is, and especially for Cd, its binding to proteins, 
dome of this work has been reported elsewhere^^. Our 
earlier results reporting elevated Hg contents in fungi 
with a low proportion of methylmercury, and of rather high 
values for Cd in fungi, have been confirmed by several 
other groups and this subject has greatly expanded recently. 
In connection with methylmercury, a modified simple method 
for it determination in biological materials has been pu-

(?) blished w . A radiochemical NAA method for the simultaneous 
determination of Cd, Cu and Zn in a range of environmental 
samples, using solvent extraction, has also been reported1^' 

(iv) Studies on uranium; With the opening of the uranium 
mine and processing plant (still at the pilot stage) at 
Zirovski vrh, Slovenia, we have been engaged in studies 
of the occurrence of traces of uranium and radium in waters, 
aquatic life (algae, fish) and their uptake in plants. A 
radiochemical activation analysis method based on U *" 

(Q) 
suitable for the nanogram level has been published^ y j . 

b) Life Sciences 

(i) Trace elements in milk: Our laboratory is co-operating 
in a Joint WHO/IAEA co-ordinated project on milk in human 
nutrition. Our task is to define the levels of certain 
trace elements, particularly the possibly essential micro-
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elements tin and vanadium, in milks. Since these elements 
_Q or at such levels (10 ^g/g_[below) pose formidable analytical 

problems, considerable effort was spent on methodology 
and improved techniques of radiochemical NAA developed 
for V^ ' and for Sh . Some preliminary results for V 
and Sn in various human and cow's milk have recently been 

(12) reported^ , together with data for other elements, namely 
As, Cd, Co, Cu, Fe, Hg, Mn, Pb, Se and Zn in various milk 
samples, with a comparison of NAA and atomic absorption 
spectroscopy (AAS). This study of milks links up with our 
work on standardization of reference materials (see c) below), 
as establishment of reliable values for trace elements in 
IAEA reference milk samples A-8 and A-ll is urgently needed 
for ensuring quality control of the whole programme on milk 
analyses. 

(ii) Vanadium in food and man: Using our NAA method for V^ ', 
which uses a totally post-irradiation separation of ^ V and 
hence is a blank-free technique suitable for the lowest levels, 
we have measured levels of vanadium in a range of foods, 
human body fluids and organs. The results^ •" revealed some 
interesting features of the occurrence and uptake of this 
element, and are relevant to its possible essential role. 

(iii) Other projects: Although iodine metabolism in thyroid 
function is well established, the concentrations of iodine 
in other tissues, e.g. muscle, and in many other biological 
materials, are so low (nanogram level) that analysis is 
difficult. The non-nuclear method with sufficient sensitivity, 
the catalytic technique, often gives different results, 
while NAA can similarly give variable results due to special 
difficulties with iodine (e.g. volatility, organically bound 
forms, several valency states). Hence we are studying NAA 
methods for iodine and also rapid oxygen combustion system 
for samples, (which is a technique particularly suitable 
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for iodine analysis).. Applications will include study 
of a possible iodine-bromine negative correlation in the 
organism. 

Other topics investigated recently include a study 
(14) of trace elements in various tobaccosv , and of the 

occurrence of selenium in human blood and teeth^ ^ 

c) Standardization 

Intercomparison samples fpr trace element analysis of varying quality produce results), depending mainly on the technique used, 
the experience of the laboratory, the material, the element 
analysed and its concentration. The quality of results 
becomes a real problem for certain elements at the nanogram 
or sub-ppm level. Thus there is a need for a variety of reference 
materials of certified content for checking the reliability 
of results. Our laboratory has long coi-operated in such 
Intercomparisons organized by the IAEA and the IAEA Monaco 
Laboratory, and has done work under contract to the KBS 
Washington on the certification of potential SRMs (standard 
reference materials). Recent results include the NBS materials 
river sediment, spinach, pine needles, tomato leaves, and ' 
oyster homogenate. For the IAEA we have analysed pork muscle 
(H-4-), milk powder (A-ll) and soil-5, while for the Monaco 
laboratory we produced results for oyster, copepod, sea-plant 
and fish muscle homogenate. Our results , with rare exceptions, 
are in excellent agreement with subsequently certified, or 
recommended average, results. 

Not only biological but also geological and metal standards 
are analysed, including a zirconium standard and an NBS pure 
zinc reference material. For such zinc samples, we reported^ ' 
an NAA method for analysing:. As, In, Mn and Sb. The trace 
element content of some ancient bronze and copper alloys was 

(17) studied^ ' \ as possible indicators of their origin, using 
not only activation analysis, but also electrochemical 
techniques. 
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As mentioned above ((b)(ii)), there is overlap 
between standardization projects and some of the more 
demanding analyses in the .Life Sciences,e.g. milk. 
It is our practice in standardization work to obtain results 
also by other techniques such as atomic absorption spectro
scopy, photometric methods (if sensitive enough) and electro
chemical techniques, particularly polarography. 
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