
 
Batman University Journal of Life Sciences                                                                     Batman Üniversitesi Yaşam Bilimleri Dergisi   
Volume 3, Number 2 (2013)                                                                                                                                   Cilt 3, Sayı 2 (2013) 

 

N. Damla                                                                                                                      Radioactivity levels in some cow milks consumed ……...  
29 

 
 

 
Radioactivity levels in some cow milks consumed in Eastern Black 

Sea Region of Turkey 
 
 

Erkan Kırıs1, Hasan Baltas1, Nevzat Damla2,*, Birol Ertugral3, Ugur Cevik4 

 
 

1Recep Tayyip Erdogan University, Department of Physics, Rize, Turkey 
2Batman University, Department of Physics, Batman, Turkey 
3Giresun University, Department of Physics, Giresun, Turkey 

4Karadeniz Technical University, Department of Physics, Trabzon, Turkey 

*ndamla@ktu.edu.tr; nevzat.damla@batman.edu.tr   

 
 

Abstract 

The radioactivity levels were determined in 12 different brands of cow milks 

consumed in Eastern Black Sea region of Turkey using a high-purity germanium 

detector. The mean activity concentrations of 226Ra, 232Th, 40K and 137Cs were 3.2, 1.1, 

31.3 and 0.5 Bq.L−1, respectively. The values were comparable with the concentrations 

reported in the other countries. Due to consumption of cow milk, the radiological 

impact of them on the inhabitants was calculated by taking the annual intake into 

account through ingestion of aforementioned radionuclides. The estimated effective 

doses from milk were found to be 21.2 μSv year−1 for 226Ra, 6.1 μSv year−1 for 232Th, 

0.1 μSv year−1 for 137Cs and 4.7 μSv year−1 for 40K. The calculated annual effective dose 

obtained from all measured radionuclides was much below the UNSCEAR 

recommended reference level of 200-800 µSv.y-1 for all milk samples. The obtained 

result data will contribute to establish a baseline level of radioactivity in cow milk and 

help to develop future guidelines in the country for radiological protection of the 

population. 
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1. Introduction  
 

Our environment possesses a lot of radiation and radioactivity sources. The earth 

and the atmosphere present different activity levels of natural radionuclides such as 

those of 238U and 232Th decay chains as well as 40K. Additionally, nuclear industry, 

mining, crude oil and gas manufacturing have also contributed to the radionuclide 

inventory of the environment. All these nuclides, natural and artificial, have 

radiobiological significance because they can be incorporated into the human body from 

the food chain and also through inhalation of suspended dust in the air, constituting a 

direct route for internal exposure [1].  

Therefore, the verification of the natural and artificial concentration levels in 

food supplies is an important parameter for evaluating abnormalities. In this sense, there 

is a need to measure the radioactivity levels in foods, particularly in milk which forms a 

major component in the human food chain because it is consumed by people of various 

ages and sexes, especially by infants [2]. Furthermore, milk is the first and the most 

only mainstay food ingested for a considerable of time in human consumption, 

providing calcium necessary for strong bones, proteins needed for brain development 

and tissue growth, vitamin A for normal vision, and vitamin D for absorption of calcium 

[3-6]. 

Radionuclides pass into cows and consequently in milk through cow’s food. 

These radionuclides, when accumulated in food and milk, eventually affect humans, 

either directly or indirectly by entering the food chain through the plants or cows. 

Therefore, the establishment of radioisotope concentration in milk will provide 

meaningful information that can contribute to the knowledge of population exposure 

and to the setting up a regional baseline.  

The objective of this study is to determine the level of radionuclide concentrations 

in the milk samples and to estimate the radiological implications on the population 

consuming this milk in the Eastern Black Sea region of Turkey.  

 

 

 



 
Batman University Journal of Life Sciences                                                                     Batman Üniversitesi Yaşam Bilimleri Dergisi   
Volume 3, Number 2 (2013)                                                                                                                                   Cilt 3, Sayı 2 (2013) 

 

N. Damla                                                                                                                      Radioactivity levels in some cow milks consumed ……...  
31 

 
 

2. Materials And Methods 

2.1.  Sampling Area 

The Eastern Black Sea region consists of deep running water valleys, mountains, 

steps and broken zones. All streams rising from this land flow into the Black Sea. 

Economic activities are based on agriculture and animal breeding, so industry has not 

yet developed sufficiently. According to 2007 census results, the population of the 

Eastern Black Sea region is approximately 2.6 million. While 1.4 million people live in 

cities, the rest live in villages. In the region, cow milk has been naturally consumed by 

the local people, and in the future, it may be bottled and transported to other parts of the 

country for consumption.  

2.2. Sampling 

 

The milk samples were collected from the provinces of Giresun, Trabzon and 

Rize, which are located in the Eastern part of the Black Sea Region of Turkey (Fig. 1). 

 
Figure 1. Location of sampling sites indicating the Eastern Black Sea, Turkey 

In order to measure the radioactivity in the milk samples, various samples were 

collected in 1-L-capacity polypropylene bottles. The bottles were cleaned using a 

procedure modified by Laxen and Harison [7]. The bottles were first soaked in 10% 

HNO3 for 48 h, followed by deionized water for a few minutes, and finally rinsed three 

times with double-distilled, de-ionised water. The collected milk samples were acidified 

with concentrated nitric acid to pH 1 to break down the organic materials and to prevent 

loss of ions in the sample following binding to the container or precipitation. 

Giresun 
Trabzon Rize 
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Subsequently, the samples were slowly evaporated down to 100 mL volume in a 

furnace at 50◦C and poured into cylindrical, polyethylene plastic containers (5.5 cm 

diameter and 5 cm height) for gamma activity analysis.  

2.3.  Instrumental 

The activity concentrations of 226Ra, 232Th, 40K and 137Cs in the milk samples 

were measured using a coaxial HPGe detector (Canberra, GC 1519 model). The relative 

efficiency of the detector is 15% and it has a resolution of 1.9 keV at the 1332 keV. The 

detector was shielded in a 10 cm thick lead well internally lined with 2 mm Cu foils. 

The detector output was connected to a spectroscopy amplifier (Canberra, Model 2025) 

[8]. The spectrum analysis was performed using Genie 2000 software from Canberra. A 

performance test using the certified reference sample (IAEA-375) was carried out to 

check the efficiency and energy calibration of the system. The activities of the standard 

were in accordance with their certified values within error margins not exceeding 10%. 

The quality assurance of the measurements was carried out by periodical efficiency and 

energy calibrations and repeating sample measurements. The sample counting time was 

50.000 s to obtain gamma-spectra with good statistics. To determine the detector 

background, an empty container was counted in the same manner and in the same 

geometry as the samples. The background spectra were used to correct the net peak area 

of the gamma rays of the measured isotopes [9-10]. 

The activity concentrations of each sample for the radionuclides of interest were 

determined from their respective gamma lines or gamma lines emitted by their 

progenies. The gamma-energies lines of 351.9 keV (214Pb) and 609.3 keV (214Bi) were 

used to represent the concentrations for the 226Ra series, whereas 583.1 keV (208Tl) and 

911 keV (228Ac) were used to represent the 232Th series. 40K activity determined from 

the 1460.8 keV emission gamma-ray lines and 137Cs activity was determined from the 

661.6 keV emission gamma-ray lines.  

The activity concentrations for the radionuclides in the measured samples were 

computed using the following relation; 

CA
εPMt

=  (Bq.L-1)                                                 (1) 
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where A is the activity concentration of a radionuclide, C is the total net count of a 

specific gamma emission, ε is the detector efficiency for the specific gamma emission, 

P is the absolute transition probability for that gamma emission, L is the volume of the 

sample and t is the counting time. 

3. Results and discussion 

The results of natural radioactivity in milks are presented in Table 1. The activity 

concentrations are expressed in Bq.L-1. The mean specific activity concentrations of 
226Ra, 232Th, 40K and 137Cs are 3.2, 1.1, 31.3 and 0.5 Bq.L−1, respectively. The 226Ra 

activity ranges between a minimum of 1.5 Bq.L-1 and a maximum of 5.5 Bq.L−1. The 
232Th activity lies between 0.1 Bq.L−1 and 2.9 Bq.L−1. The activity of 137Cs and 40K vary 

from <N.D. to 1 Bq.L-1 and from 15.1 to 42.8 Bq.L-1, respectively. Measured 137Cs 

radionuclide is considered to be due to the atmospheric nuclear weapon tests conducted 

by several countries; however, some residual amount might be because of the 

Chernobyl accident, which occurred in 1986. 

 As shown in Table 1, the highest mean 226Ra and the lowest mean 232Th activity 

were determined in the milk samples taken from the province of Rize. While the highest 

mean 232Th activity was determined in the Trabzon province, the province of Giresun 

shows the lowest mean 226Ra activity. The mean lowest 137Cs and 40K activities were 

determined in the milk samples taken from the province of Rize, but the mean highest 
137Cs and 40K activities were determined in the milk samples collected from the 

province of Trabzon.  

If we compare our results with those of values in different countries, it is clear 

that 226Ra and 232Th  are high, while 137Cs and 40K are low  in Iran [11], Israel [12],  

Venezuela [13] and Jordan [14]. 
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Table 1. Activity concentration in radionuclides (in Bq. L-1) 

 

 

        

 

 

 

 

 

 

 

 

 

N.D: Not Detectable 

 

The annual effective dose to an individual due to intake of radionuclides from 

the cow milk is estimated using the following equation [15]:  

Ding = CR * IF * ED          (2) 

where Ding is the annual effective dose to an individual due to ingestion of radionuclides 

(sievert per year), CR is the activity concentration of radionuclides in the ingested milk 

(becquerel per liter), IF represents the annual intake of milk (litres per year). Assuming 

that every adult drinks 24 L.year-1, the annual effective doses caused by intake of the 
226Ra, 232Th, 137Cs and 40K isotopes were calculated [16]. E is the ingested dose 

conversion factor for the radionuclide (Sv Bq−1). The dose conversion factors used for 

the calculation were taken from the WHO publication [17] and were equal to 2.8 × 10−4, 

2.3 × 10−4 and 1.3 ×10−5 mSv Bq−1 for 226Ra, 232Th and 137Cs, respectively. And for 40K, 

intake was calculated using the conversion factor of 6.2 × 10−6 mSv Bq−1 [18]. The 

calculated effective doses are given in Table 2.  

Province 226Ra 232Th 137Cs 40K 

Rize 

2.7±0.1 0.4±0.1 0.7±0.1 15.1±1.1 

5.5±0.4 0.8±0.1 N.D. 38.5±1.5 

4.1±0.3 1.6±0.2 N.D. 40.9±1.3 

3.5±0.3 0.1±0.1 0.4±0.1 18.3±0.5 

Trabzon 

1.5±0.1 0.3±0.1 0.4±0.1 25.9±1.3 

3.7±0.2 2.9±0.2 0.5±0.1 34.0±1.2 

3.5±0.2 1.5±0.1 0.5±0.1 30.1±1.1 

2.6±0.1 1.6±0.1 1.0±0.1 42.8±1.6 

Giresun 

2.7±0.2 1.5±0.2 0.7±0.1 36.7±1.7 

2.9±0.4 1.2±0.2 0.4±0.1 35.2±1.6 

2.5±0.5 0.8±0.2 0.5±0.1 27.2±1.3 

2.6±0.5 0.6±0.1 0.5±0.1 30.6±1.6 

Mean 3.2 1.1 0.5 31.3 
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The milk contribution to the total mean annual effective dose equivalent from 

the estimated effective doses was 21.2 μSv year−1 for 226Ra, 6.1 μSv year−1 for 232Th, 0.1 

μSv year−1 for 137Cs and 4.7 μSv year−1 for 40K  in Table 2. The annual effective dose 

from all measured radionuclides was much below the UNSCEAR [1] recommended 

reference level of 200-800 µSv.y-1 for all milk samples. 
Table 2. Calculated total indicative doses from radionuclides (in μSv y-1) 

 

  

  

N.D:Not Detectable 

226Ra is a highly radiotoxic radionuclide. When radium is absorbed into body, its 

metallic behavior is similar to that of calcium and an appreciable fraction is deposited in 

the bone, the remaining fraction being distributed almost uniformly in the soft tissues 

[19]. When people are exposed to very high levels of radium for a long time, it may 

result in cancer of the bone and the nasal cavity in human beings. From the table 2, it 

can also be seen that 226 Ra contribution cumulative effective dose and annual effective 

dose are also higher than the other three radionuclides of 232Th, 40K and 137Cs. Cesium is 

an important radionuclide for public health because of its presence in fallout and its 

relatively long life. Although the major source of Caesium body burden is from eating 

Province 226Ra 232Th 137Cs 40K 

Rize 

18.1 2.2 0.2 2.2 

37.0 4.4 N. D. 5.7 

27.6 8.8 N. D. 6.1 

23.5 0.6 0.1 2.7 

Trabzon 

10.1 1.7 0.1 3.9 

24.9 16.0 0.2 5.1 

23.5 8.3 0.2 4.5 

17.5 8.8 0.3 6.4 

Giresun 

18.1 8.3 0.2 5.5 

19.5 6.6 0.1 5.2 

16.8 4.4 0.2 4.0 

17.5 3.3 0.2 4.6 

Mean 21.2 6.1 0.1 4.7 
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foods which may contain radiocaesium or natural radiopotassium absorbed daily into 

different organs [20], the effect of 40K and 137Cs in milk cannot be neglected. There is a 

remarkable similarity between the distribution of 40K and 137Cs in the muscles of human 

beings, since 40K and 137Cs are both 90–100% absorbed from the diet into the tissues of 

the body [21]. This is because the two radionuclides have chemical similarity and are 

similarly metabolized by the same biological system [22]. Also, milk is considered to be 

a sensitive indicator of fall out contamination; this is because 137Cs is easily transferred 

to milk through the grass-cow-milk pathway [14].  

4. Conclusions 

In this study, the radioactivity concentrations of 226Ra, 232Th, 137Cs and 40K in cow 

milk consumed in Eastern Black Sea region of Turkey were investigated. The measured 

values were found to be within the worldwide ranges as reported in the literature. Also, 

the calculated annual effective dose from all measured radionuclides was much below 

the UNSCEAR recommended reference level of 200-800 µSv.y-1 for all samples. The 

activity concentrations of the 137Cs are generally detected in milk samples. This 

situation can be attributed to the effects of the 137Cs concentration that contaminated the 

Eastern Black Sea Region after the Chernobyl or nuclear weapons tests. The data 

obtained in this study may provide a baseline for setting standards for the quality of cow 

milk in the future estimations of the impact of radioactive pollution in this region since 

they might be consumed by the general public.  
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