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Highlights 

1. Traces of 131I, 134Cs and 137Cs reached Greece and were detected in air, 

grass, sheep milk, ground deposition, rainwater, and drainage water.  

2. Beryllium-7concentrations in the ambient aerosol display used to demonstrate 

the coherence between the data provided by the participating laboratories.  

3. More than 200 samples of imported foodstuff have been measured in Greece. 

4. The measured activity concentrations of artificial radionuclides in Greece due 

to the Fukushima release have been very low 
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feedstuffs in Greece after the Fukushima accident 

 

Abstract 

The radionuclides released during the accident at the Fukushima Daichii nuclear 

power plant following the Tōhoku earthquake and tsunami on 11 March 2011, were 

dispersed in the whole north hemisphere. Traces of 131I, 134Cs and 137Cs reached 

Greece and were detected in air, grass, sheep milk, ground deposition, rainwater, 

and drainage water. Six Greek laboratories members of the national network for 

environmental radioactivity monitoring, have collaborated with the Greek Atomic 

Energy Commission (GAEC), and carried out measurements during the time period 

between March 11, 2011 and May 10, 2011 and reported their results to GAEC. 

These laboratories are sited in three Greek cities, Athens, Thessaloniki and Ioannina, 

covering a large part of the Greek territory. The radionuclides’ concentrations were 

studied as a function of time. The first indication for the arrival in Greece of 

radionuclides originating from Fukushima accident took place on March 24, 2011. 

After the 28th of April, 2011 all radionuclides’ concentrations were below the minimum 

detection activities (less than 10 μBq/m3 for 131I). The range of concentration values 

in aerosol particles were for 131I 10 - 520 μBq/m3, for 134Cs 10 - 200 μBq/m3 and for 

137Cs 10 - 200 μBq/m3. The range of concentration values for 131I in gaseous form 

was 10 - 2200 μBq/m3. The ratios of 131I/137Cs and 134Cs/137Cs concentrations are 

also presented. For 131I the maximum concentration detected in grass was 2.2 Bq/kg. 

In the case of sheep milk the maximum concentration detected for 131I was 2 Bq/l. 

Furthermore, more than 200 samples of imported foodstuff have been measured in 

Greece, following the EC directives on the inspection of food and feeding stuffs.  
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1. Introduction 

After the Fukushima accident, radioactive contaminants dispersed gradually in 

the north hemisphere. Five days after the accident, on 15 March 2011, traces of 131I, 

134Cs, and 137Cs were detected at Melbourne, FL, USA (Biegalski S.R., et al., 2011) 

and two days later, on 17-18 March 2011, the arrival of the airborne fission products 

were registered in Seattle, WA, USA (Diaz Leon J., et al., 2011). Ιn Europe, 131I 

traces were first detected in Iceland, between March 19th and March 21st in the 

northern part of Scandinavia (Masson, O., et al., 2011). In the south and south-west 

part of Europe the radioactive traces from Fukushima were detected initially between 

24-26 March 2011 in various countries (Italy (Ioannidou A., et al., 2012; Barsanti, M., 

et al., 2012), Serbia (Bikit, I., et al., 2012), Romania (Cosma, C., et al., 2012), and 

Greece (Potiriadis C., et al., 2011; Kritidis P., et al., 2012; Savva, M.I., et al., 2011; 

Manolopoulou M., et al., 2011a; Manolopoulou M., et al., 2011b), and it remained 

detectable until the end of April. The temporal variation of the 131I concentration in 

ambient aerosol detected in Greece displayed a similar pattern as the temporal 

variation founded in other countries in the region (Ioannidou A., et al., 2012; Barsanti, 

M., et al., 2012; Bikit, I., et al., 2012; Cosma, C., et al., 2012), presenting two 

maxima, the first one at the end of March and the second one in the beginning of 

April. The average 131I concentration in gaseous phase was 3 to 4 times higher than 

the concentration in the particulate phase. Traces of 134Cs and 137Cs were also 

detected, with their concentrations approximately order of magnitude lower than 131I 

concentrations. Following the atmospheric deposition and other transfer processes, 

the radioactive traces were also detected in other environmental media such as 

rainwater, grass and milk.  



Following the relevant European directive (European Commission, 2011), 

extensive measurements were performed on the imported foodstuff and feeding stuff 

from Japan. 

In Greece, there is a group of 10 laboratories spread around the country, capable 

of conducting radioactivity measurements in environmental samples. These 

laboratories, which belong to Universities and research centers, together with the 

GAEC’s own laboratory, form a network of collaborating laboratories which activated 

in case of radiological emergencies. Although the Fukushima accident was not 

considered an emergency situation for Greece, six of the above laboratories, situated 

in Athens, Thessaloniki and Ioannina (fig. 1) were activated and have conducted 

measurements in air-filters and other environmental samples such as: milk, rainwater 

and drainage water, collected from different locations in Greece. This review paper 

presents and compares the results from these measurements.  

 

2. Materials and Methods 

2.1. Aerosol sampling 

Taking into consideration the nature of the Fukushima accident and the 

geographical location with respect to Greece and due to the predicted atmospheric 

dispersion pattern, very low concentration of the radionuclides were expected to 

enter Greece by means of atmospheric transport. Therefore only those laboratories 

equipped with high volume air-samplers and low background spectrometry systems 

were able to detect the radionuclides of Fukushima origin.  

Six collaborating laboratories participated to environmental measurements and 

reported their data with the system of data collection and reporting to the public 

organized by GAEC after the Fukushima accident. 



The measurements performed were: 

- Gamma ray spectrometry in airborne particulates to determine the 131I, 134Cs 

and 137Cs concentration 

- 131I concentration in the gaseous phase 

- 131I, 134Cs and 137Cs in grass samples, sheep and cow milk 

- Gamma ray spectrometry in rain and drainage water 

- Alpha - and gamma ray spectrometry in the food and feeding stuffs imported 

from Japan to determine the 131I, 134Cs, 137Cs, 90Sr, Pu isotopes and 241Am 

concentrations.  

Sampling and analysis conducted by each laboratory were organized in a way to 

optimize measurement performance. The collaborating laboratories responded with a 

wide range of involvement, including those conducting routine environmental 

monitoring for the needs of art. 35 (ERL-NCSR “D”, DERM-GAEC). 

The Greek laboratories that reported data for radionuclides concentrations in 

environmental samples are given in Τable 1. All laboratories reported their data to 

GAEC on a daily basis. The aerosol samples were collected at sampling sites in the 

immediate environment of each laboratory during the period of 12/3/2011 to 

10/6/2011. Atmospheric aerosol samples were collected using high-volume air 

samplers. The total air volume sampled ranged from 500 to 1300 m3 per sample. The 

air filters were measured by low background gamma spectroscopy systems based on 

HPGe detectors. 

ERL-NCSR “D” employed a size selective inlet providing aerosol samples with 

particles below 2.5 μm. It was assumed that the activity concentrations for the 

radionuclides of interest would be present only in the fine particle aerosol fraction. 



  After air sampling, filter samples were analyzed with a delay of two hours, to 

allow for the decay of radon daughters collected in the filters and improve the 

Minimum Detectable Activity (MDA) levels of the Fukushima radionuclides. The 

MDAs for 131I, 134Cs and 137Cs depend on the duration of the measurement, the 

volume of air sampled, and the detector system counting efficiency used by each 

laboratory with an indicative MDA value in the order of 10μBq/m3. Detailed 

description of the relevant sampling and measuring procedures is given at the 

references (Potiriadis C., et al., 2011; Kritidis P., et al., 2012; Savva, M.I., et al., 

2011; Manolopoulou M., et al., 2011a). The quality assurance of the measurements 

is presented in the relevant paragraph. 

In addition to the radionuclide concentration in the aerosol particles, the 

concentration of 131I in the gaseous phase was measured at the DERM-GAEC site. 

The air passed successively through a paper filter (F&J Specialty FP4.0M) to collect 

the air particulates and then through a charcoal cartridge (TEDA-1 charcoal Mesh 

08x16) to collect the 131I present in the air in gaseous form (Potiriadis C., et al., 

2011). According to the F&J Specialty, the retention efficiency of the paper filter is 

99.8% for the aerosol particles of an average size of 0.3 μm and 73% for the 

charcoal filters (Gavila, F. M., 2003) respectively.  

 

2.2. Measurements of grass, milk and other environmental samples  

Other environmental samples, like sheep and cow’s milk, rainwater and 

drainage water were also collected from many locations in Greece and were 

analyzed using low level gamma ray spectrometry.  

 

2.3. Measurements of the imported food and feedstuffs  



In response to accidents at nuclear power plants and waste storage facilities, 

the European Commission has published and has put into the force a new Directive 

(European Commission, 2011) on 15/3/2011 and a revised version on 4/4/2011 in 

order to control the imported food and feedstuffs from Japan. According to this 

Directive, the measurement of 137Cs, 134Cs and 131I concentrations are mandatory for 

any load of foods and feedstuffs imported from Japan to the European countries. 

Additionally, concentration limits for 238Pu, 239/240Pu, 241Am and 90Sr are provided.  

Information on the extent of radioactive contamination caused by the 

Fukushima accident was available through the IAEA emergency information system 

and the radioactivity measurements of environmental samples performed by the 

Japanese authorities, which were distributed through the Rapid Alert System for 

Food and Feed (RASFF) of EC.  

Based on the available information, on the EU Directive and on the data 

about the imported goods from Japan, experts from GAEC and NCSR Demokritos, 

under the coordination of the Hellenic Food Authority (EFET), proposed the exact 

measuring procedures implemented to control the imported food and feedstuffs. The 

main imports from Japan to Greece are the feedstuffs. Gamma spectroscopic 

measurements were performed in samples from all imported food and feedstuff loads 

coming from Japan and in also samples of fish imported from the FAO fishing areas 

61, 67, 77, 71, 81, 87. Even if it was judged as unlikely to have plutonium or 

americium contamination in the absence of 131I or 137Cs contamination, alpha-

spectroscopic measurements were performed randomly on imported fish samples 

from the FAO fishing area 61, to determine the 239,240Pu, 238Pu and the 241Am 

concentration. A limited number of other imported foodstuffs were also examined 

concerning plutonium and americium.  



The 131I, 137Cs, 134Cs concentrations were determined by ERL-NCSR “D” 

using low level gamma spectrometry.  

The concentration measurementsof Pu and Am radionuclides were performed 

by the DERM-GAEC. . Ten grams of each sample was wet and dry ashed after 

adding a known activity of 242Pu and 243Am as control. The Pu and Am radionuclides 

were isolated from the sample by liquid-liquid extraction. Then they were 

electrodeposited onto stainless steel plates and their activities were determined by 

means of alpha spectrometry using a fully automated and integrated alpha 

spectroscopic system from Canberra, consisting of 12 Passivated Implanted Planar 

Silicon (PIPS) detectors with 600 mm2 active areas. The detection counting efficiency 

was 26%. The chemical recovery for plutonium was between 42-85% and for 

americium 50-79%, respectively.  

 

2.4. QA/QC procedures  

The quality of the measurements performed by the laboratories of the network 

is assured by their participation in International Intercomparison Exercises and 

Proficiency Testings (IAEA ALMERA network, EU, NPL) as well as Intercomparison 

Exercises organized periodically at a national level, by the GAEC. The 

intercomparison concerns the low-background gamma spectroscopic measurements. 

The radionuclides incorporated into the samples provided by GAEC, are gamma 

emitters and cover the energy range between 60 to 1460 keV. Additionally the 

DERM-GAEC and ERL-NCSR”D” are accredited with the ISO/IEN 17025 standard in 

gamma-ray spectroscopy and aerosol sampling respectively. 

Τhe quality of the measurements performed by the six Greek laboratories can 

be demonstrated using the reported results of the cosmogenic radionuclide 
7Be 

concentration in air. 7Be is attached to the atmospheric aerosol particles and 



collected on the air filters. The spatial variation of the 7Be concentrations in aerosol 

particles is expected to be low. 7Be concentrations measured by the laboratories in 

the area of Athens and Thessaloniki are presented in fig. 2 and fig. 3 respectively. In 

Fig.4(a-c) the linear regression between the 7Be aerosol concentrations measured by 

the NED-NTUA, DERM-GAEC and ERL-NCSR “D” in Athens. The slopes are found 

between 0.75 and 1.03, very close to 1. These results provide a measure of 

confidence for the measurements performed. As it was expected, 7Be traces were 

not detected on the charcoal filters measured by the DERM-GAEC. 

It is observed that the ERL-NCSR”D” activity values obtained for the fine 

aerosol fraction are slightly lower than those obtained by the NED-NTUA and GAEC-

DERM laboratories for the Total Suspended Particles. These data provide some 

evidence that a fraction between 15-20% of 7Be observed in the aerosol phase 

resided in the coarse aerosol fraction. 

Agreement, with a slope 0.95, was found in Thessaloniki between the values 

of 
7Be concentration measured by DECE-AUTh and SNEPP-AUTh (Fig. 4(d)).  

 

3. Results and discussion 

3.1. 131I in air 

The time dependence of the 131I concentration in aerosol particles for the three 

laboratories in the region of Athens, the two laboratories in the region of Thessaloniki 

and the one laboratory in Ioannina is presented in the fig. 5, fig. 6 and fig.7, 

respectively. The presence of the 131I in the atmosphere in Greece was detected by 

all laboratories on the 24th of March 2011 and it was detectable until the end of the 

April. The 131I concentrations as a function of time had similar qualitative 

characteristics for all three laboratories, demonstrating the maximum values at the 



period between 4/4/2011 and 9/4/2011. The linear regression of the 131I concentration 

between the laboratories situated in the area of Athens is presented in fig.8 (a-c) and 

between the laboratories situated in the area of Thessaloniki is presented in fig.8 (d). 

The slope of the graphs in these figures which is in all case very close to unity 

indicated the small spatial variability of the 131I concentration in air as well as the 

reliability of the measurements performed. It is observed that the ERL-NCSR”D” 

activity values obtained for the fine aerosol fraction are somewhat lower than those 

obtained by the NED-NTUA and GAEC-DERM laboratories for the Total Suspended 

Particles. It is concluded that these data provide some evidence that a fraction 

between 15-20% of 131I observed in the aerosol phase resided in the coarse aerosol 

fraction. 

The time dependence of the 131I concentration in the aerosol particle fraction 

and in the gaseous phase in the region of Athens is presented in fig. 9. The linear 

dependence between the 131I concentration in aerosol particles and in the gaseous 

phase is presented in fig. 10. 

Comparable to the previous study (Potiriadis C., et al., 2011), the present 

comparison includes more data, since it is extended to those days where the 131I 

concentrations in the aerosol particles reported by GAEC’s laboratory were below to 

the MDA’s. The ratio between the 131I concentrations in gaseous phase to the 131I 

concentrations in aerosol particles is 3.74, which is very close to the values reported 

elsewhere (Stoehlker U. et al., 2011). 

The time dependence of the average daily values of 131I concentration 

measured in the ambient aerosol in Athens, Thessaloniki and Ioannina is presented 

in fig.11. 

The maximum concentration of 131I in aerosol particles was 560 μBq/m3 and 

2200 μBq/m3 in gaseous phase.   



 

3.2. 134Cs and 137Cs in the ambient aerosol  

Traces of 134Cs and 137Cs were also detected. The average daily values of 

134Cs and 137Cs concentration in ambient aerosol measured by the three laboratories 

in the region of Athens were determined and presented in fig. 12 as a function of 

time. The corresponding data from Thessaloniki presented in fig.13. The maximum of 

134Cs and 137Cs concentrations observed on the 6th of April both in Athens and 

Thessaloniki.  

The linear regression between the 137Cs and the 134Cs concentrations in 

aerosol particles is presented in fig.14. Each point represents a measurement 

performed at a specific location and day. The ratio of 137Cs / 134Cs equal to 0.98 very 

close to the values reported elsewhere (Biegalski S.R., et al., 2011; Diaz Leon J., et 

al., 2011; Masson, O., et al., 2011; Ioannidou A., et al., 2012).  

 

3.3. 131 I in various environmental media 

The radionuclides concentration was determined in grass samples collected 

from various places in Greece. The 131I concentrations of the grass samples collected 

from Athens and Thessaloniki are presented as a function of time in fig. 15. An 

indicative value for the MDA’s is the 0.1 Bq/kg. The maximum concentration was 2.2 

Bq/kg. The detailed values and places of sampling are given elsewhere (Potiriadis 

C., et al., 2011; Kritidis P., et al., 2012; Savva, M.I., et al., 2011; Manolopoulou M., et 

al., 2011a). 

131I is also detected in sheep milk samples. The 131I concentrations of the 

sheep milk samples collected from Athens and Thessaloniki are presented as a 

function of time in fig. 16.The maximum value was 2 Bq/l. No evidence exists for the 



presence of radionuclides originating from Fukushima in cow milk samples. This 

observation is attributed to two reasons: (1) to the lower transfer factors from the 

cow’s feed stuff to the cow milk comparable to the corresponding transfer factor for 

the sheep (IAEA, 2009) and (2) to the fact that the fresh grass represents a small 

amount of the total cows’ nutrition.  

Gamma spectroscopic measurements were also performed in rain and 

drainage water samples. 131I was detected in one drainage water sample and in two 

rain samples. The maximum concentration detected in rainwater was 1.5±0.5 Bq/kg 

and in drainage water 4.1±0.8  Bq/kg.   

 

3.4. Imported food and feeding stuffs 

In the time period from 21/3/2011 to 21/3/2012, 264 samples of imported food 

and feeding stuff were analyzed. All of them were analyzed by gamma spectroscopy 

in order to determine the 131I, 134Cs and 137Cs concentrations and 12 of them by alpha 

spectrometry to determine Pu isotopes and 241Am. Two different measuring protocols 

were used in gamma spectrometry. In the first one the time duration of the 

measurements was 3600 sec, a time duration which is enough to achieve minimum 

detection activities (MDAs) well below the limits imposed by the EU directive. In the 

second protocol the time duration was 70000 sec. The remaining 12 samples were 

measured for 70000 sec in order to improve the MDAs and to detect possible low 

level contamination. 252 samples were measured using the first protocol and 12 

samples using the second one. The duration of the alpha spectrometric 

measurements was 5 days. 

Traces of 131I and 137Cs (up to 2 Bq kg-1) were detected in a few samples of 

Chlorella sp (used in the aquaculture). In the rest of the samples, the concentrations 

of these radionuclides were below the MDA (Table 2). 



 

The MDAs depend on the duration of the measurement, the detector’s 

efficiency and for the specific geometry and type of the analyzed samples and in 

case of the alpha spectrometry they depend also on the chemical efficiency. The 

range of MDA’s values achieved for the various radionuclides, analysis techniques 

and measuring protocols are presented in table 2.   

 

4. Conclusions 

Following the Fukushima accident, six Greek laboratories, situated in the 

three Greek cities, conducted various kinds of samplings and measurements – 

mainly air samplings – for the determination of the artificial radionuclides, that 

reached the country as a result of the accident. The cosmogenic radionuclide 7Be 

that was determined together with the artificial radionuclides in the atmospheric 

aerosols was used, in addition to standard procedures, for quality assurance 

purposes. The main conclusions from the samplings and measurements are: 

 Beryllium-7concentrations in the ambient aerosol display the same time 

pattern and quantitative agreement between neighbouring laboratories, a 

fact that demonstrates the coherence between the data provided by the 

participating laboratories. 

 

 The analysis performed on the whole set of data collected from the six 

laboratories provides a comprehensive view of the situation in Greece in 

the period of interest compared to previous independent studies. The 

estimation of the parameters like the (i) 134Cs concentration over the 137Cs 

concentration and (ii) 131I in gaseous form over the 131I in air particulates 



concentration ratios, were based on an extended set of data, providing 

more representative data than previous reports. 

 

 131I arrived in Greece from Fukushima on 24 March, and remained in the 

atmosphere for about 5 weeks. Since 29 April, the 131I concentration in the 

air remained below detection limit.   

  

 The maximum 131I concentration in the gaseous phase was measured in 

Athens between 3 and 5 April (about 2200 μΒq·m-3). A rather good linear 

correlation is observed between 131I concentrations in gaseous and in 

airborne particulate form with a proportionality factor 3.74. 

 Traces of 137Cs and 134Cs were also measured aerosol particles with a 

concentration ratio of 137Cs / 134Cs equal to 0.98. Since 16 May, the Cs-

137 concentration values are similar to those before the Fukushima 

accident. 

 131I and 137Cs were sparsely detected on the imported feeding stuffs 

(Chlorella sp used in the aquaculture). The concentration was less than 2 

Bq/kg - negligible from the radiation protection point of view. The relative 

limit imposed by the EU Directive is 500 Bq/kg. 

 

 Traces of 131I were also measured in domestic grass and milk samples. 

The maximum measured activity was about 2 Bq/l in sheep milk, which is 

five thousand times lower than the measured 131I activity in Greek sheep 

milk immediately after the Chernobyl accident (Kritidis, P., Florou, H., 

2001). Since 8 May, the 131I concentration in sheep milk was below the 

MDAs (indicative value: 0.2 Bq/l). No 131I concentration was found in cow 

milk. 



 

 The measured activity concentrations of artificial radionuclides in Greece 

due to the Fukushima release have been very low, with no impact on 

human health. 
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Table 1: Greek laboratories measuring radionuclides concentrations in air 

immediately after the Fukushima accident 

Name Abbreviation Location 

Department of Environmental Radioactivity 
Monitoring (GAEC) 

DERM-GAEC 37
0
 59’ 58.87’’ N, 23

0
 49’ 07.80’’ E 

Environmental Radioactivity Laboratory, NCSR 
“Demokritos” 

ERL-NCSR ”D” 37
0
 59’ 43.21’’ N, 23

0
 48’ 57.16’’ E 

Nuclear Engineering Department, National 
Technical University of Athens 

NED-NTUA 37º 58´ 41.61´´ N, 23º 47´ 5.58´´E  

Department of Electrical and Computer 
Engineering, Aristotle University of Thessaliniki 

DECE-AUTh 40
0
 37’ 38.26’’ N, 22

0
 57’ 35.23’’ E 

Section of Nuclear and Elementary Particle 
Physics, Aristotle University of Thessaliniki 

SNEPP-AUTh 40
0
 38’  1.83’’  N, 22

0
 57’ 22.23’’ E 

Nuclear Physics Laboratory, Department of 
Physics, University of Ioannina 

DP-UI 39°36'58.95"N, 20°50'16.39"E 
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Table 2: The MDA’s in Bq/kg for the various radionuclides, analysis technique and 

measuring protocol 

 

 Gamma 

spectroscopy (meas. 

duration: 3600sec) 

Gamma 

spectroscopy 

(meas. duration: 

70000sec) 

Alpha 

spectroscopy 

(meas. duration: 

5days) 

131I 0.16 – 0.36 0.03 – 0.09  

134Cs 0.08 – 0.18 0.01 – 0.03  

137Cs 0.16 – 0.36 0.03 – 0.09  

238Pu   6.0 10-3 – 2.0 10-2 

239/240Pu   6.0 10-3 – 2.0 10-2 

241Am   6.0 10-3 – 3.0 10-2 
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