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1. Introduction 
After the nuclear reactor accident in Chernobyl, USSR, on 26 
April 1986, radioactive air masses flooded wide parts of 
Europe. Because of regional heavy rainfalls during the passing 
of the radioactive cloud, Austria became one of the most 
heavily contaminated countries of Middle Europe. 
Soon after the accident strict legal limits for 1-131 and/or 
Cs-137 (respectively Cs-137 plus Cs-134) were imposed on many 
kinds of foodstuff, e.g. milk and meat of different origin 
(pork, beef, veal, lamb, poultry etc.). Since it soon became 
obvious that in some Austrian regions for several types of 
meat and for milk the legal limits for radiocesium would be by 
far surpassed, in June 1986 different programs were initiated 
by provincial and federal authorities to determine: 
o the validity of literature values for transfer factors 

and the effective half life of radiocesium in this global 
contamination situation, 

o the possibility of reducing the cesium content in meat 
and cow's milk using feed additives like the clay mine
rals bentonite and bolus alba and the complexing agents 
Prussian Blue, K-Fe-Kexacyanoferrate and NH4-Fe-Hexacya-
noferrate ("Glese-Salz") and the effectiveness of these 
substances under field conditions and 

o the possibility of estimating the radiocesium content In 
meat - mainly In cows, steers, oxen and calves - before 
slaughtering on a large scale basis to minimize the input 
of highly contaminated meat into human consumption. 

Animals of concern were calves, steers, cows, lambs, sheqp and 
swine for meat production as well as cows for milk production. 

2. Investigations by provincial authorities 
The experiments Initiated by the provincial governments mostly 
were using laboratory radiocesium determinations of meat, milk 
and feed with high resolution gamma spectrometry (HRGS) and 
low resolution gamma spectrometry (LRGS), but - following an 
Idea of the Institute for Biophysics at the University of 
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Salzburg - also a few live animal measurements xLAM) with 
NaKTD-detectors. Main intent was to check the applicability 
of LRGS-LAM for estimating the Cs-137+Cs-134 content in meat 
before slaughtering. 

The commercial LAM-systems were based on l"xl" respectively on 
t.5"xl.5" Nal-crystals (one type was temperature-regulated to 
facilitate the use in colder environment) and proved very 
successful for decision-taking in high-contamination areas: 

o will slaughtering be possible without risk of surpassing 
the legal limit, 

o should slaughtering be strictly avoided, because the 
legal limit Is certainly surpassed, and should therefore 
the cesium content be decreased by feeding uncontaminated 
products, or 

o Is the animal in a "grey zone" with a certain risk of 
surpassing the limit, but not by much. 

The counting equipment was sponsored by the Austrian Govern
ment and every slaughterhouse with a throughput of more than 
20 cattle weekly (Including calves) had to use the device. 
This type of LAM was obligatory from October 1986 to July 
1987. Examples for correlation curves are given in fig. 1. 
Since Austria paid 75% of eventual losses and also subsidized 
feeding programs for the reduction of cesium In animals, this 
scheme led to a significant dose reduction for the Austrian 
population. 

3. Investigations by federal authorities 

The federal investigations, mainly concerned with transfer 
factors, effective half-lives and feed additive effectiveness, 
were based on laboratory measurements with HRGS and a large 
series of measurements on living animals using a portable 
HPGe-detector system. This latter device was also used In 
first tests for one of the commercial Nal-LAM-systems. 

Since the data should serve as a quick reference and as a 
basis for immediate countermeasures, there was no time for 
testing and a thorough setting-up of the experiments. Caused 
by this, it was not possible to carry out the experiments 
under optimal conditions. Therefore the range of statistical 
and systematic uncertainties of the results may seem large, 
but was accepted to have a basis for advising the farmers 
concerning the feeding of the animals. 

3.1 Principal experimental set-up and problems 

Transfer factors are calculated for an equilibrium state of 
radionuclide Intake and output; effective half lives on the 
other hand have to be determined by following the decrease of 
the activity concentration In meat (experimentally or by cal
culations) when changing from highly contaminated to unconta
minated feed. To follow the activity concentration and by this 
to see when equilibrium is reached and how the levels de
crease, usually a demanding system for the complete collection 
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and measurement of urine and feces has to be set up. Because 
this could not be managed for these investigations (on behalf 
of a lack of suitable equipment for the large number of ani
mals) a new approach has been taken, using a portable HPGe-
gamma spectrometry system to measure the gamma radiation in 
close contact to the living animal (usually at the haunch). By 
this, the development of the activity concentration in the 
animal muscle tissue could be seen in an adequate manner. 
Correlation curves that were made after slaughtering some of 
the animals could be used for predicting the activity levels 
of the other animals 01 the same type In an acceptable (and 
often astonishingly accurate) way. A detailed discussion of 
the methods and problems involved Is given In l \ l . The most 
Important problems were: 

affecting the LAM: 
o the mobility of some of the animals, that led to the 

factual impossibility to use this method on swine, 
o the possible contamination of the measuring point with 

feces because of incomplete washing, 
o high levels of environmental contamination in some of the 

surroundings (e.g. the Alpine pastures) and associated 
difficulties In determining self absorption, 

o significant changes in the measuring geometry with time 
because of the growing of the animal (lambs, calves), 

o differences In the contacting pressure, 
o differences in the measuring point because of different 

measuring personnel; 

affecting other parameters: 
o changes in the concentration of radiocesium in the fod

der, 
o in some instances the probability of incomplete intake of 

the feed additive, and 
o last not least in some cases the inexperience of the 

participating Institutions In this type of experiment. 
To give an example for the reliability of the live animal mea
surements, fig. 2 presents the correlation curve Cs-137 in 
»eat to LAM for calves, fed on milk exchange powder (milk 
replacer) l \ l . The animals were kept at the Bundesanstalt für 
Virusseuchenbekämpfung in Hetzendorf, Vienna. 

3.2 Results 

Table 1 gives a short summary of the results of the Investiga
tions concerning transfer factors (TF), effective half lives 
and feed additives as well as a comparison with literature 
values /2-9/. (TF for meat defined as (Bq/kg in meat)/(Bq/d 
intake) and for milk defined as (Bq/1 In milk)/(Bq/d intake)). 

As an example, fig. 3 shows the effectiveness of using ammo-
nlum-lron-hexacyanoferrate as feed additive In steers to re
duce the cesium content in meat (note the linear scale) and 
fig. 4 presents the increase and decrease of the Cs-137-level 
In a group of steers fed on contaminated respectively unconta-
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minated hay pellets without feed additives (note the loga
rithmic scale). Unfortunately there had been an unintentional 
change in the cesium-contamination of the feed, when a new 
batch of grassy hay pellets was used instead of the clover hay 
pellets. This situation can be clearly seen in fig. 3. The 
measurements were done using LAM, the animals were kept at the 
Bundesversuchswirtschaft Königshof, Lower Austria; the pellets 
were coming from Wieselburg, Lower Austria, which was a high 
contamination region. 

4. Discussion 
A new approach in determining feed to animal transfer para
meters has been taken in the experiments. Despite some prob
lems, HRGS-LAM proved to be a very effective method in deter
mining equilibrium conditions and effective half lives in a 
number of animal species. It also turned out to be a good 
means in estimating the radioceslum content on living animals 
without having to slaughter them or to do biopsies and to 
derive transfer factors thereof. This would also be valid for 
eventual contaminations with other gamma emitting radionuc
lides. 

The results of the parameters for the transfer into meat and 
milk are in general within the limits of literature values, 
although on the lower side. This is also confirmed by other 
investigations related to the Chernobyl-effects. 

Concerning the use of feed additives, the effectiveness of 
bolus alba was the weakest, followed by bentonite. The highest 
efficiency in reducing the cesium content in meat as well as 
in milk had Prussian Blue and K- respectively NH4-Fe-Hexacya-
noferrate. The effectiveness of the latter had been expected 
to be higher; the lower values are explained by the use of a 
batch with a relatively large amount of impurities, due to the 
necessity of a quick delivery. Up to date these complexing 
chemicals are however not permitted as feed additives in 
Austria. Investigations concerning the toxicity of these sub
stances are planned to have legally accepted effective reduc
tion methods If (hopefully never) such a situation occurs 
again. 

Remarks: 

The experimental part of this work has been accomplished while 
being an organizational part of the Austrian Environmental 
Protection Agency (Umweltbundesamt). 
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Fig.2: Correlation LAM to Cs-137 - content in meat of calves 
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Fig. 3- Cs - 137 in steers •• 
determination of fodder additive 
effectiveness by LAM (haunch) 
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Fig. Lf Cs - 137 in steers 
determination of effective 
half lives by LAM 
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Table 1: Summary of results 

Meat (haunch): 

Exp. 
No. 

TF 
d/kg 

HX eff 
d 

additive reduction 
effective
ness 

remarks 

Species: calves feed: milk exchange powder TFT..:.004-.42 
Lit 

.15 - .28 
ca. .14 

27.5 
21.9 

30.0 
37.3 none 

none 
Bolus alba 
Bentonite 
Prussian 

Blue 
K-Hexac.fe 

40 
26 
86 
90 

"uncontaminated 
MEP contained 
approx. 75 Bq/kg 
Cs-137 

Species: swine feed: whey TF Lit' .04 - .26 
ca. .25 
.41 - .61 

ca. 28 
ca. 14 

none 
none 

Bolus alba 
Bentonite 

(25-42)% 
(42-53)% 

LAM not possible 
LAM not applied 
too few animals 

Species: non lactating young cows feed: hay, silage, pasture 
TF, Lit* .004-.08 

.016-.025 
(hav,sil.) 
.027-.054 
(Alp. p.) 

17.9 - 19.1 none some cnanges xn 
set-up during 
experiment 

Speciess steers feed: hay pellets 'Lit' .004-.08 
.0072-.0088 
.0065-.0082 
.0064-.0079 
.0043-.0073 
.0052-.0071 

26.2 -
24.4 -
28.4 -
22.3 -
24.2 -

29.2 
25.4 
31.8 
39.6 
•) 

30.3 

none 
Bolus alba 
Bentonite 
Prussian 

Blue 

ca. 
ca. 

-7 % 
-13 % 

ca.-27 % 
ca.-22 % 

Change in Cs-
content of 
hay pellets 
*)one outlier 

Species: lambs feed: hay, Alpine pasture TF. Lit" 
.43 - .51 16.8 - 21.1 

10.6 - 14.3 
10.3 - 16.1 

none 
Bolus alba 
Bentonite 
Prussian 

Blue 
none 

not sign. 
ca.-31 % 
ca.-55 t 

Changes in 
experimental 
set-up 

coming from 
Alpine pasture 

Milk: 
Species: cows feed: hay pellets T FLit : , 0 0 2 - .01361 
7 .0012,.0018 - none change in Cs-

content of 
.0011-.0022 Bolus alba not sign. hay pellets 
.0009-.0015 Bentonite ca.-20 % 
.0007-.0014 Prussian 

Blue 
ca.-30 t *) average val. 

for 4 animals 
.0002-,0008 "Giese S." ca.-67 t respectively 


