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ABSTRACT 
The contents of natural radionuclide 40K and fission product 137Cs in different types of 
honey from randomly selected honeybee keepers of the Czech Republic in the period of 
2003 -2010 were examined. The results indicated that the activity concentrations of 40K 
and of 137Cs ranged from non-significant values to 132.02 Bq kg-1 and to 39.16 Bq kg-1, 
respectively. While the 40K activity concentrations in honey samples were distributed 
equally in the whole range of activities, more than 80 % were contaminated by 137Cs 
activity concentration lower than 2.0 Bq kg-1. The content of the radiocaesium increased 
according to the type of the honey in the following order: floral, floral-honeydew, honeydew 
honey. The found activities of 137Cs in honey did not exceed the highest permitted level of 
the radionuclide for food and contributed to the natural radioactivity of honey only slightly. 
 

INTRODUCTION 
Honeybee honey, which is a natural component of the human diet, is generally 

considered as an effective indicator of several substances - contaminants, incl. 
radionuclides, in the environment. Honey is composed mainly of carbohydrates, lesser 
amounts of water and a great number of minor components (Bogdanov, 2011). Essentially, 
it is a supersaturated solution of four main sugars – fructose, glucose, sucrose and 
maltose. Water molecules comprise less than 20% of the weight of honey and it contains 
low levels of other sugars, organic acids, proteins and minerals (White, 1979). The mineral 
content of floral honey ranges mostly between 0.1 and 0.3 %, while that of honeydew 
honeys can reach 1 % of the total. Honey contains varying amounts of mineral substances 
ranging from 0.02 to 1.03 g/100 g.  

Potassium, with an average of about one third of the total, is the main mineral 
element in honey, but there is a wide variety of trace elements (White, 1979). Many other 
authors (e.g. Terrab et al., 2004, Terrab & Heredia, 2004, De Ferrer, 2004, Bagci et al., 
2007, Conti, 2007, Kolayli et al., 2008, Silva et al., 2009, Vanhanen et al., 2011) confirmed 
that potassium was the most abundant of the elements determined in honeybee honey, 
and therefore predominant activity in all samples indicating that natural honey comes from 
the 40K radionuclide of natural origin (Cokesa et al., 1995). Nevertheless, the level of 
natural radioactivity in the investigated samples of honey was considered to be due to the 
type of honey (Popovic at al., 1992). In Poland Borawska et al. (2000) discovered that the 
mean activity concentration of 40K in honey was 83.1 Bq kg-1; the highest concentration in 
honeydew honey was 131.7 Bq kg-1 and the lowest average activity of radiopotassium in 
flower honey was 39.1 Bq kg-1.  

Fallout after the Chernobyl NPP accident caused contamination of honey with 
anthropogenic (man-made) radionuclides and radiocaesium; particularly the latter being of 
long-term importance. Before the accident, the 137Cs activity in honeybee honey varied 
around the level of 2 Bq kg-1 and was a residue of nuclear weapons tests (Djuric et al., 
1996). Bunzl et al. (1988) measured activities of radionuclides in honey in the 
surroundings of Munich in the period from soon after the Chernobyl accidents to August 
1986. The 137Cs activity concentration exceeded 600 Bq kg-1 in early May, however, 
already during May the value sharply decreased to less than 200 Bq kg-1. Caesium activity 
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average in honey, collected from the territory of the Republic of Croatia 4 years after the 
Chernobyl accident, was < 1% of the permissible level of 600 Bq kg-1 (Barisic et al., 1992). 
Seventeen natural honey samples collected at different sites of Serbia during 1992 were 
measured by Cokesa et al. (1995). Only in two samples (of the meadow type) the specific 
activity of 137Cs was higher than 0.5 Bq kg–1. The remaining samples have the same137Cs 
concentrations as before May, 1986.  

Eight years after the Chernobyl nuclear accident Vitorovic et al. (1996) found out that 
the dominant radioactivity (including 40K) in flowers and honey from bee pastures of Serbia 
came from natural radionuclides. Honey samples showed very low radioactivity content, 
often indistinguishable from the natural background.   

It is true that 137Cs activity was detected in honey after year 2000 but the level was 
very low. Borawska at al. (2000) studied the radiocaesium concentrations in honeybee 
honey in Poland 12 years after the Chernobyl NPP accident and observed values in the 
range from 0.5 Bq kg-1 to 46.3 Bq kg-1. The highest activity was found in heathery honey, 
24.3 Bq.kg-1 on average, the lowest in floral honey, 0.6 Bq kg-1 on average. Panatto et al. 
(2007) analyzed samples of honey from the region of Ligurie in north-west Italy. Samples 
from the valley of the river Stura contained significantly higher concentrations of 137Cs 
compared to other examined places, 8.45 Bq kg-1 vs. 2.57 – 4.83 Bq kg-1

. 

In the Czech Republic the National Radiation Protection Institute (NRPI) controlled 
the content of radiocaesium (137Cs) in a small quantity of samples (2 - 34) of honeybee 
honey in the period of 2005 – 2009 (NRPI, 2010). The 137Cs radioactivity concentrations 
did not exceed 13 Bq kg-1. However more topical information on the radioactivity of honey 
in the Czech Republic has not been published.  

The purpose of the present study was to measure the radiocaesium (137Cs) and 
radiopotassium (40K) levels in honeybee honey in randomly selected samples taken in the 
Czech Republic in from 2003 to 2010. 

 

MATERIAL AND METHODS 
Activity concentrations of 137Cs and 40K were measured in 76 samples of honeybee honey 
from randomly selected honeybee keepers of the Czech Republic in the period of 2003 - 
2010. The 2010 samples were bought directly from keepers (25 samples) and obtained 
from the Day of Honey Show in Pardubice (23 samples). Older samples (28) obtained in 
2003 – 2009 came from the archive of the Department of Zoology, Fisheries, Hydrobiology 
and Apiculture of Mendel University in Brno. 

The 137Cs and 40K activities of 150 g of honey were measured by means of gamma-
spectrometry using the HPGe detector (efficiency 40 %) with 100ml-dish geometry and the 
spectra were evaluated with the Camberra-Packard GENIE 2000 hardware-software 
system. The measuring time was 20 hours. The measurements were conducted at the 
Department of Molecular Biology and Radiobiology, Faculty of Agronomy, Mendel 
University in Brno.  

The honey samples were classified into three groups (floral, floral-honeydew, and 
honeydew), i.e. on the basis of conductivity measurements, of the occurrence of 
honeydew elements and of the number of pollen grains. 

 
RESULTS AND DISCUSSIONS 

Average values of 40K and 137Cs activity concentrations in analyzed samples of honey are 
given in Table 1 and Table 2.  

The 40K activity concentrations ranged from non-significant values (lower than the 
minimum significant activity = MSA = 2.668 ± 0.444 Bq kg-1, P < 0.05) to 132.02 Bq kg-1, 
and significantly (P < 0.05) increased according to the type of honey in the following order: 
floral, floral-honeydew, honeydew, which is in accordance with the increased content of 
minerals (White, 1979) and also with published results (Borawska et al., 2000, Popovic at 



Analele Universităţii din Craiova, seria Agricultură – Montanologie – Cadastru  Vol. XLI  2011/2 

 

227 

 

al., 1992). Compared to the published data, the average content of 40K in honey was 
slightly lower, however, the highest value of 40K activity reached 132.02 Bq.kg-1 in 
honeydew honey, and it is nearly identical with results presented by Borawska et al. (2000) 
in the same type of honey in Poland. The distribution of 40K activity concentrations in 
honey samples was uniform within the observed value range, and with a 5 - 10 percent 
occurrence (Fig. 1).  

Table 1 
The 40K activity in different types of honeybee honey  

Type of honey n 
Range of activities  

(Bq kg
-1

)  
Mean ± SEM 

floral 25 MSA –   68.36 23.01 ± 3.64 

floral-honeydew 23 MSA – 106.86 58.99 ± 4.36 

honeydew  28 MSA – 132.02 91.45 ± 3.43 

All types 76 MSA – 132.02 59.70 ± 3.94 

MSA (Minimum significant activity)  = 2.668 ± 0.444 Bg kg
-1

 

 

Table 2 
The 137Cs activity in different types of honeybee honey  

Type of honey n 
Range of activities  

(Bq kg
-1

) 
Mean ± SEM 

floral 25 MSA – 16.08 0.83 ± 0.64 

floral-honeydew 23 MSA – 39.16 0.96 ± 0.35 

honeydew  28 MSA – 18.11 2.05 ± 0.70 

All types 76 MSA – 39.16 1.85 ± 0.59 

MSA (Minimum significant activity) = 0.208 ± 0.0461 Bq kg
-1

 
 

Natural radiopotassium (40K) gets into the human organism via water and foodstuffs, 
where its specific activity ranges between 20 and 240 Bq kg-1 (Hala & Navratil, 2003). The 
average human (70 kg) comprises of 0.1 – 0.3 % of potassium, which represents an 
activity of 22 – 76 kBq of 40K and yearly average dose from internal exposition of ionizing 
radiation of 200 μSv. Therefore the detected average activities of radiopotassium in honey 
(59.70 ± 3.94 Bq kg-1), at a current consumption of honeybee honey, would present only  
a minor hazard to the inner irradiation of man. 

 

Fig. 1  Distribution of 40K activity concentration in honey samples 
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The activity of 137Cs ranged from non-significant values (lower than the minimum 
significant activity = MSA = 0.208 ± 0.0461 Bq kg-1, P < 0.05) to 39.16 Bq kg-1. However, 
the majority of honey samples contained very low activities of the radionuclide. In 59 
honey samples the radioactivity was below the MSA. The average 137Cs value of all honey 
samples was 1.85 ± 0.59 Bq kg-1. These findings are conformable with 137Cs 
concentrations in honey observed by Borawska et al. (2000). Unlike radiopotassium, the 
distribution of 137Cs activity concentrations in honey samples was extremely unbalanced. 
In more than 70 % of the honey samples the 137Cs activity concentrations were within the 
range of MSA – 0.5 Bq kg-1, and 80 % of honeys did not exceed the activity of 2 Bq kg-1 
(Fig. 2). The content of radiocaesium increased according to the type of honey in the 
following order: floral, floral-honeydew, honeydew. The increase was, however, significant 
(P < 0.05) only between floral and honeydew honey, and between floral-honeydew and 
honeydew honey. The highest radiocaesium activity concentration (39.16 Bq kg-1) was 
found in the floral-honeydew honey sample from Nepomuk in Brdy and the value was 
isolated, evaluated as extremely high, and was not used in statistical calculations. The 
137Cs activity in none of the honey samples even reached the maximum permitted level of 
radioactive contamination valid in the Czech Republic for child or infantile nourishment 
(370 Bq kg-1). Nevertheless, the monitored radiocaesium activities proved that the 
Chernobyl radiocaesium is still present in nature in relatively different local concentrations, 
and that it is secondarily transported by bees from the environment into honey. 

 
Fig. 2  Distribution of 137Cs activity concentration in honey samples 
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CONCLUSIONS 
Radiocaesium (137Cs) and radiopotassium (40K) levels were measured in honeybee honey 
in randomly selected samples taken in the Czech Republic in the period from 2003 to 
2010. The average content of 40K and of 137Cs in tested samples was 59.7 Bq kg-1 and 
1.85 Bq kg-1, respectively. The observed radiocaesium activities proved that the Chernobyl 
radiocaesium is still present in nature, and that it is secondarily transported by bees from 
the environment into honey. However, the activities of 137Cs in honey did not exceed the 
highest permitted level of the radionuclide for food and together with the activities of 40K 
have a negligible effect on consumers in terms of the radiological quality of these samples 
of honey. 
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