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Abstract 
The Radiochemistry Group of the Atominstitute of the Austrian Universities uses 
the TRIGA Mark II Reactor mainly for neutron activation analysis. Transport of 
samples to and from the irradiation positions in the reactor is performed by fast 
pneumatic transfer systems (transfer time 20 msec and 300 msec) and slow 
conventional transport facilities. Gamma-spectrometric instrumentation equipped with 
loss free counting systems is used to handle the high count rates up to 500 000 
counts/sec. 

During the last years neutron activation analysis was applied to investigate 
environmental samples (soil, dust, incineration ash), geological samples (rocks, 
sediments, fossils, volcanic gases), biological materials (lichens, mushrooms and other 
plant materials, human diet, biological reference materials), raw materials (phosphate, 
coal) and archaeological materials (ancient glass). 

Lichen analysis was used for environmental monitoring. The content of some of 
the trace elements can be correlated with industrial activities, like manganese content 
with steel industry, the occurrence of vanadium and nickel with oil firing plants 
and stainless steel industry, selenium is found in lichen near coal firing plants. The 
amount of chlorine and sodium indicates the application of salt for road treatment 
during winter time, aluminum, scandium and hafnium content depends on the 
amount of dust in the environment. 

A further environmental application of neutron activation analysis is the determination 
of trace elements in volcanic gases. The halogens, arsenic, antimony, selenium, 
tellurium and mercury were determined and their daily output was calculated. 

The distribution of trace elements in fossils of known age gives us a geochemical 
key to condition and development of the paleo-environment. For this purpose we 
determined rare earth elements in 250 million years old microfossils (conodonts). 

Neutron activation analysis served also for some non scientific but nevertheless 
useful purposes: Organic farming groups grew herb varieties used for tea preparation. 
The farmers were accused of using forbidden methylbromide treatment of their 
products, because the bromine content of their tea products were above the limit 
of 50 ppm. It could be shown that this bromine enrichment process was due to 
the high natural bromine content of the soil in the region, the use of bromine 
containing fertilizer and the unexpected high transfer factor of some of the plant 
species. 
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Introduction 
The Radiochemistry Group of the Atominstitute of the Austrian Universities uses 
the TRIGA Mark II Reactor mainly for neutron activation analysis. Five irradiation 
facilities are used for this purpose. In Table 1, irradiation position, thermal neutron 
flux and applicable sample volume are shown. 

TABLE I 
Irradiation positions TRIGA Mark II, Atominstitute, Vienna 

position 

thermal neutron 
flux 

cm" s 

max. sample 
volume 

cm /capsule 
transfer time 

s 

central thimble 1 x 1013 45 / graphite 
85 / aluminium 

manual 

irradiation tubes (dry) 1,7 x 1012 44 / PE manual 

slow pneumatic transfer 
system (GA) 

2,5 x 1012 25 / PE 4 

VFIMS* 2,5 x 1012 0,4 / PE 0,3 (N2) 
0,12 (He) 

FIMS** 1,3 x 1010 0,4 / PE 0,02 (N2) 

* Vertical Fast Irradiation and Measurement System 
** (Horizontal) Fast Irradiation and Measurement System 

During the last years neutron activation analysis was applied to investigate 
environmental samples (soil, dust, incineration ash), geological samples (rocks, 
sediments, fossils, volcanic gases), biological materials (lichens, mushrooms and other 
plant materials, human diet, biological reference materials), raw materials (phosphate, 
coal) and archaeological materials (ancient glass). 

Environmental Monitoring 
Lichen analysis was used for environmental monitoring. As lichen is an excellent 
monitor for natural and man-made aerosols we collected lichens (most of the 
samples were Pseudovernia furfuracea) from the Mur-Murz valley. The valley bottom 
is the traditional region of the Austrian steel industry. This concentration of heavy 
industry in a narrow valley renders it interesting for environmental studies. In most 
cases the lichens were sampled from larch trees, in some cases from spruce trees 
and only few samples from deciduous trees. To ensure that no lichen was analyzed 
which was too young to have collected dust for more than seven years we measured 
the Cs-activities when the age of the lichens seemed doubtful. These activities are 
a rough measure for the age of the lichen: if there is a 137Cs surplus greater than 
the 137Cs/134Cs ratio corresponding to the Chernobyl accident, the lichen is assumed 
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to contain 137Cs from the nuclear weapon tests in the atmosphere. The Chinese 
weapon tests were the last atmospheric tests 1976 to 1980, so a minimum age of 
12 years may be assumed. 
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Fig. 1 Position and concentration of some elements in lichen samples 

Fig. 1 shows a series of measurements in a profile NNE to SSW from Maria 
Schutz to Stuhlegg on a ridge parallel to the valley bottom of the Mur-Miirz 
valley. A telecommunication tower and a larch tree are indicated in this figure. 
This larch was uprooted so that a dependence of some trace elements on the 
sampling height could be estimated, see Fig. 2. Generally the lichens were sampled 
1-2 m from the ground. So the 1 m value from this larch was used in Fig. 1. 
To give an impression of the geographical distribution of Mn, V and I in the 
Mur-Miirz valley region the data are shown in Figs. 3 - 5 schematically. It is 
clearly seen that the Mn content in lichens is more widely distributed as apart 
from the steel industry. There is an additional source through the burning of cheap 
heavy oil with high V content by other larger consumers. 

The geographical distribution of the iodine content in lichens in Styria deserves 
special interest, as in this region goiter was endemic in former days. Now the 
iodine demand in human nutrition is covered by addition of iodine to kitchen salt. 
From Fig 5 it is clearly seen that iodine is enriched in the elevated region and 
near the industrialized zones and shows low values in the isolated valleys. 
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Besides lichens, many other matrices are of interest in environmental research. 
There are also some elements, which have special properties regarding nutrition, 
medicine, and pollution problems. 
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Fig. 2 Analysis of lichen on an uprooted larch tree, all values in ppm 

Fig. 3 Geographical distribution of Mn content in lichen 
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Fig. 5 Geographical distribution of I content in lichen 
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Soil Analysis 
Lithium is an interesting element owing to its role in nutrition chemistry. The vital 
function of Li in living organisms is well known. Li carbonate is used in treating 
manic depressive psychosis. There are evidences that Li ions exert a protection 
influence on the arteriosclerotic heart disease in man. The main source of this 
element in food are materials being related to soil. Three problems hamper the 
determination of Li by short time activation analysis. Firstly, Lithium can only be 
determined by counting its hard beta rays, which means the need of a Cherenkov 
detector. Secondly the half life of 8Li is only 840 ms, which renders the determination 
without a very fast transfer system impossible. Thirdly a suitable software is needed 
for analyzing the decay mode spectrum statistically. FIMS with the transfer time 
of 20 ms, was connected with a Cherenkov counter, a suitable facility for such a 
task. 

Table 2 shows the concentrations of some elements determined in Egyptian soil 
and sediment samples by applying STNAA. The mean values of Li in the analyzed 
Egyptian soil were found 11 ppm (5.5 - 13.0 ppm). This value is higher than the 
value found in lake Nasser sediment (5.8 ppm, the values range from 2.0 to 7.0 
ppm). But these two values are significantly lower than the reported values of the 
mean soil and crust composition. (25 and 20 mg/g, respectively) The Li distribution 
in soil is important as it was established that Li being an essential plant nutrient. 
This deficiency of Li in Egyptian soil should therefore be further investigated, to 
establish the effect on plants and human health. 

TABLE 2 
Concentrations of some elements in Egyptian soil and sediment samples 

Element Soil Sediment1 Soil2 Crust2 

Al (%) 6.50 (5.30 - 8.40) 8.10(5.90 - 9.10) 7.1 8.20 

Ca (%) 2.10 (1.30 - 2.80) 4.30(2.40 - 4.90) 1.5 4.10 

Hf (ppm) 8.20 (6.40 - 9.90) 11.80(7.80 - 15.00) 6.0 5.30 

Li (ppm) 11.00 (5.50 - 13.00) 5.80(2.00 - 7.00) 25.0 20.00 

Mg (%) 1.70 (0.72 - 2.60) 1.40(1.30 - 1.70) 0.5 2.30 

Mn (%) 0.05 (0.04 - 0.16) 0.10(0.10 - 0.14) 0.1 0.09 

Na (%) 0.06 (0.23 - 0.90) 1.10(0.90 - 1.20) 0.5 2.30 

Sc (ppm) 16.80 (11.00 - 24.00) 25.40(2.30 - 27.00) 7.0 16.00 

Se (ppm) 0.47 (0.11 - 0.80) 0.16(0.15 - 0.17) 0.4 0.05 

Ti (%) 0.87 (0.64 - 1.40) 1.90(1.00 - 2.60) 0.5 0.56 

V (ppm) 150.00(110.00- 229.00) 347.00(257.00-436.00) 90.0 160.00 

1) sediment composition 
2) mean soil and crust composition 
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Waste Incineration Products 
By our industrial activities and also by our present style of everyday life we are 
producing large amounts of waste. Waste disposal is an environmental problem 
regarding not only the volume of waste but also the content of hazardous and 
toxic materials. 

Incineration plants are needed to diminish the large volume of industrial and 
custom waste. As a result of such processes roasting ash, fly ash, wet filter cake, 
and waste water are produced. Such products should be investigated chemically, to 
determine the level of trace and toxic elements in these materials. Short time 
activation analysis was applied in this work to investigate the waste of incineration 
products of an Austrian plant (Flotzersteig, Vienna). 

The halogens (i.e. F, CI, Br, I) were determined in the waste water. The results 
show that the concentration of F, CI, Br, I were 7.1 mg/1, 112 mg/1, 9.1 mg/1 and 
1.5 mg/1 respectively. The ash samples were screened for Ag, Au, F, Se as well 
as some of the toxic elements like Cd, Hg, Sb, and Zn (by irradiating the samples 
for 2 hours in the central thimble, at a neutron flux density of lxlO13 cm-2 s"1. 

The results (see Table 3) indicate that most of the investigated elements were 
enriched in the wet filter cake. The ratio of the concentration of these elements 
in wet filter cake to the concentration in roasting ash (Rl) shows that the value 
of Cr is distributed equally between both samples, while Se was 70 times higher 
in wet filter ash. Surprisingly, Hg was found only 3 times higher in the wet filter 
cake. Both Ag and Zn were about 10 times higher in the filter cake. R2 shows 
the ratio between the concentration of these elements in wet filter to the 
corresponding values in fly ash. Further investigations are necessary to clear the 
behavior of these elements (i.e. Hg) and their distribution in ash samples. 

TABLE 3 
Concentrations of some elements in waste incineration products 

Element Roasting ash Fly ash Wet Filter Rl R2 

Ag 18.9 58.0 203.0 10.74 3.50 

Au 0.4 0.9 1.4 3.50 1.55 

Cd 44.0 367.0 1410.0 32.04 3.84 

Cr 1649.0 3218.0 1672.0 1.01 0.52 

F - 4400.0 29000.0 - 6.59 

Hg 850.0 . 1950.0 2600.0 - 3.06 1.33 . 

Sb 14.0 66.0 100.0 7.14 1.51 

| i |vSe||il llllllp'iji Jlllllllill lillliillll p;;?|B.|iJl ilBllBll 
Zn 2218.0 6770.0 27300.0 12.31 4.03 

Rl = ratio between wet filter / roasting ash 
R2 = ratio between wet filter / fly ash 
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Rare Earth Elements in Microfossils 
A paleontologic application of INAA was the determination of trace elements, 
especially the REE in very small, toothlike elements of an extinct marine animal, 
the conodont. The results are useful to obtain records of local oceanic events and 
processes connected to plate tectonics in the ancient Tethys ocean from about 250 
to 200 million years ago. This oldest Mesozoic period is called the Triassic. 

The hard parts of the conodont animals are the conodont elements, which occur 
in marine calcareous rocks and marls. They measure some tenth of a mm on the 
average and consist of apatite. Therefore they can be easily separated from the 
matrix by dissolution. Influences on the composition of the seawater, for example 
by submarine volcanism, are reflected by the REE distribution in the apatite of 
the conodont elements. Therefore, the trace element distribution in the conodont 
elements is used to obtain a record of the chemical variations in their marine 
environment. 

By INAA we analyzed the REE patterns in samples of the same age but different 
locations. The sampling locations were the Austrian Alps, the Turkish Taurus and 
Timor (Indonesia). Fig. 6 shows a sketch map of the Tethyan area during the 
Triassic period with Laurasia and Gondwana shown at their paleopositions. 

Fig. 6 Sketch map of the Tethyan area during the Triassic period 
with Laurasia and Gondwana shown at their paleopositions. 

NCA means the Northern Calcareous Alps of Austria. 
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In post-Triassic times, nearly complete ocean floor subduction and highly complex 
microplate tectonic with final collision of Gondwana and Laurasia lead to the 
formation of the alpine mountain-chains between Europe and Southern Asia (Alps, 
Taurids, Hindukush, Himalaya). The original extent and the paleogeography of the 
Tethys ocean are therefore highly speculative and a matter of intensive debates. 

1. NCA (Northern Calcareous Alps) 
2. Taurus (Turkey) 
3. Timor (Indonesia) JSL 

Fig. 7 Recent positions of the sampling points 

56 58 60 
atomic number 

Fig. 8 Normalized REE patterns of three conodont samples 
of the Upper Carnian (228 million years) 
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Fig. 7 shows the recent positions of the sampling points. The results obtained 
demonstrate that REE determinations are useful for recording local oceanic events 
and processes connected to plate tectonics, for example intraplate volcanism or 
ocean floor spreading. In Fig. 8 normalized REE patterns of three conodont 
samples of the same age but different locations show the informative differences. 

In future investigations we want to quantify the volcanogenic influence in conodont 
samples. Especially in regions where orogenic processes and plate subduction reduced 
the geological information, the REE data could preserve volcanic influence in the 
environment, leading therefore to a better understanding of the plate - tectonic 
processes within the Triassic Tethys ocean. The combination of all paleobiological, 
paleobiogeographical, geological and geochemical data should lead to an improved 
reconstruction of this ocean from the Alps to Timor. 

Volcanic Gases 
The present environment is influenced by gases of volcanic origin, which contribute 
to air and soil pollution. Additionally, these gases contain information about reactions 
and geothermal processes that cannot be observed directly. To collect samples of 
sufficient volume for the determination of trace elements in these gases, a portable, 
wind driven pumping station was designed and manufactured by one of us (Bichler). 
The sample volume varied from about 100 L to 800 L gas with temperatures in 
the range from 200 to 635°C. 

1. activated charcoal filter 

5 m teflon tube 

to pump 

vacuum insulated 
quartz glass tube 

fumarolic gas 

2. activated charcoal filter 

condensate trap 

Fig. 9 Gas sampling setup for volcanic exhalations 
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Fig. 9 shows the setup, by which the volcanic gases were sampled. It consists of 
two activated charcoal filters in quartz glass tubes, a quartz glass cooler and a 
Teflon condensate trap. Samples of the steam plume were taken additionally to 
quantify the depletion of the elements after condensation and dilution by the 
atmosphere. The elements F, CI, Br, I, As, Sb, Hg, Se and Te were determined 
by instrumental and radiochemical NAA. The data obtained are used to detect 
variations of the composition and to calculate the total amount released (see Tab. 
4). The concentrations in the condensate are compared to the amounts on the 
filters, enabling the identification of some of the compounds present in the gases. 
Objects of the investigation were Stromboli and the crater rim fumaroles of Vulcano. 

TABLE 4 
Dally output of hydrogen halogenids and some trace elements from La Fossa 
(Vulcano), based on a steam release of 1000 t / d (July, 1993) 

kg/d kg/d 

HF 1290 As 24 

HC1 6800 Sb 0.083 

HBr 15 Hg 0.018 

HI 0.8 Se 2.11 

Te 0.57 

Bromine and Agricultural Products 
Many farmers in our country, especially in the mountain regions have to face the 
competition of large scale agricultural production facilities being situated in much 
more favorable climatic and geographical environments. In many cases they are 
not able to produce their conventional farm products at costs which can compete 
successfully at the international or even at the national market. So these farmers 
start to look for new types of agricultural production and they start to have now 
problems.In some of our provinces (e.g. Lower Austria) a group of farmers started 
to grow herbs for tea production, for spices, and for pharmaceutical use. Fig. 10 
shows the areas used for that type of slowly increasing productivity. 

Unfortunately some products upon food control showed a bromine content of more 
than 50 ppm. The producers were accused and brought to court. Fortunately the 
lawyers believed the farmers who stated that they never had applied forbidden 
practices. Our laboratory was asked for analytical help in that case. In cooperation 
with the Institute for Plant Nutrition of the University of Agriculture in Vienna 
we should carry out investigations dealing with bromine content of soil and fertilizers 
and uptake of bromine by plants. 
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Fig. 10 Area under cultivation for spices arid pharmaceutical used herbs in Austria 
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Fig. 11 Concentration of bromine in soil and some herb samples, all values in 
mg/kg, herbs in dry condition 
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The determination of bromine by NAA is not at all difficult and there is little 
use to describe details. From the Fig. 11 it can be seen that bromine content in 
soil can be rather high, especially if fertilizers of marine origin, e.g. from algae 
are applied. 

Some plants are quite effective in the uptake and enrichment of bromine. So at 
a bromine content of 26.7 ppm in black soil and an enrichment factor of more 
than 2, which is reached by some of the plants, an officially unacceptable level of 
more than 50 ppm Bromine in plant material is obtained. In those regions the 
farmers stopped their production. They do not want to face such troubles any 
more. All these examples should show the many types of applicability of NAA 
from science to everyday life. 
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