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Abstract  

Objective: Teeth are used as an important data source to estimate radioactivity accumulation in individuals. This study aimed to 

evaluation the gross alpha (GA) and gross beta (GB) radioactivity concentrations in tooth samples. 

Methods: Mandibular permanent first molar teeth of individuals living in the Middle Black Sea region were used for the study to 

ensure standardization. The teeth samples were divided into 4 groups according to the age factor (Group 1: 6-15 years, Group 2: 16-

30 years, Group 3: 31-45 years, and Group 4: 46-65 years). Each group was divided into two subgroups according to gender factor. 

Measurements were completed with a nuclear spectroscopic system containing a gas-flow proportional counter. Data were analyzed 

statistically. 

Results: While a statistically significant difference was detected among groups for GA radioactivity concentration (p<0.05), no 

significant difference was detected among groups for GB (p>0.05). Mean GA value was higher in Group 1 (6-15 years) compared to 

the other groups. There was no statistically significant difference between the genders in both GA and GB radioactivity concentrations 

for all groups (p>0.05). 

Conclusion: While the GA radioactivity concentration was affected by the age factor, it was not affected by the gender factor. 
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INTRODUCTION  

Radiation is a natural part of our environment and 

is defined as “energy traveling through the 

environment”. Radiation is investigated under two 

main headings of ionizing radiation and non-ionizing 

radiation according to the amount of energy 

transported. Radiation with real importance in terms 

of human health and the environment is ionizing 

radiation (1,2). 

The human body is exposed to natural and 

artificial sources of ionizing radiation. Natural 

radiation sources comprise the largest portion of 

radiation exposure every year and may be classified 

in two broad categories as cosmic and terrestrial 

contributions. High-energy cosmic rays and 

secondary radiation formed in the atmosphere 

comprise the cosmic contribution. Radioactive 

nuclides produced during the earth’s formation and 

still found in the crust comprise the terrestrial 

contribution. Exposure to Radon (222Rn) forms the 

most significant contribution to total dose (1,3,4). 

Artificial sources are due to human activities 

involving industrial and nuclear technology including 

medical applications, nuclear reactors, atmospheric 

nuclear tests and accidents, and traditional mining 

operations. Though it may vary in different regions in 

the world, it is considered that an individual is 

exposed to about 2.4 mSv of natural radiation each 

year. The maximum dose permitted professionally is 

20 mSv annually. Annual exposure to artificial 

radiation sources comprises a relatively lower amount 

of the dose. Just as the human body is exposed to 

external radiation due to pollution of air, soil, water, 

and plants by radioactive elements, it may be exposed 

to internal radiation with transport of radioactive 

material into the human body and accumulation in 

certain regions of the body (5,6). 

Radioactivity is the process of spontaneous fission 

or decay of unstable atoms or elements to gain more 

balanced nuclear structure. Unstable elements have 

natural radioactivity. Stable elements are made 

radioactive as a result of core bombardment in 

nuclear reactors to create artificial radioactive 

elements which produce radiation as a result of 

radioactive decay (5,7,8). 

Alpha particles comprise two neutrons and two 

protons; as a result, the electrical load is positive. 

Alpha radiation comes from naturally formed 

elements like uranium and radium and from some 

human-made elements. Due to their load and heavy 

mass, alpha particles densely ionize matter and 

rapidly lose their energy. They cannot pass the first 

layer of the skin; however, if a material releasing 

alpha particles is eaten as food or taken in through the 

airway, they may affect body cells (9). Beta particles 

are rapidly moving electrons or positrons emitted 

from an atom. They may travel several cm through 

skin or water. They can be stopped by thin aluminum 

or plastic sheets. GA and GB activity concentrations 

are defined as total radioactivity from all alpha and 

beta emitters (10,11). GA and GB’ measurements 

have the quality of indicators, with radioactivity of 

radioactive material releasing alpha or beta rays 

determined in Becquerels (Bq) (10,11). 

Due to their slow metabolism and retraction, teeth 

have recently been used for biological modeling. The 

presence of trace elements in dental structures covers 

a wide range of fields from archeology to 

environmental studies, and biomedicine. Teeth 

provide important scientific data about some 
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substances found in the individual's body. Recently, 

it has become popular to use human teeth for both 

radioactivity measurements and fundamental analysis 

studies (5,10).  

Teeth have been used as an important data source 

in determining the accumulation of radioactivity of 

individuals (4,12-14). Teeth have been investigated 

for GA and GB radioactivity concentrations in 

different region from Turkey (4,5,15-17). However, 

the work done in the Black Sea Region is limited 

(15,17). The aim of this study is to determine the GA 

and GB concentrations in permanent tooth samples 

belonging to individuals living in the Central Black 

Sea region. The null hypotheses tested were that (1) 

the age factor does not affect GA and GB 

radioactivity concentrations values, and (2) gender 

factor does not affect GA and GB radioactivity 

concentrations values. 

METHODS 

The Clinical Research Ethics Committee of Ordu 

University approved this study (2017/100). This 

study follows the Helsinki Declaration. In addition, 

informed consent was obtained from patients, giving 

permission to use the teeth for the study purposes 

after removal. 

For creation of study groups and determination of 

sample size in the groups, Mangano et all’s (18) study 

was used as a guide. Accordingly, with alpha=0.05 

and Power=0.80, the minimum sample number 

required per group is 23. The sex distribution in each 

group was assigned so as not to create a statistical 

difference.  

A total of 97 mandibular permanent first molar 

teeth were used for the study. The teeth samples were 

obtained from individuals between the ages of 6-65 

and living in the Middle Black Sea province, who 

were decided to have a tooth extraction for any reason 

at Ordu University Faculty of Dentistry. In addition, 

teeth samples with any restoration, teeth samples of 

individuals who smoked, had previous exposure to 

any imaging method involving radiation for the head-

neck region, or and radiotherapy were not included in 

the study.  

Preparation of samples and groups 

The teeth samples were divided into 4 groups 

according to the ages of the individuals as Group 1: 

aged with 6-15 years (n=25), Group 2: aged with 16- 

30 years (n=25), Group 3: aged with 31- 45 years 

(n=23), Group 4: aged with 46-65 years (n=24). 

Additionally, they were investigated according to the 

gender of the individual. 

Each sample was stored in physiological saline 

(Osel/ İstanbul/ Turkey). They were mechanically 

cleaned with a hard brush and weights were recorded. 

They were dried in an oven for 120 min (Mipro –

MLF, Turkey). Then pressed and ground for 60 

seconds. The powdered samples were transferred to 

stainless steel planchettes. All samples had GA and 

GB activity concentrations counted with a nuclear 

spectroscopic system containing gas-flow 

proportional counters (MPC-9604-ASC-950-DP, 

USA) (4,19-22). The system was calibrated for alpha 

and beta energies. Standard samples with equal 

concentrations were preperated. To calibrate the 

alpha and beta energies in the system 241Am (3.78 

kBq) and 90Sr (3.76 kBq) were used. Count 

efficiency for the system was 38-40 % for alpha and 

95-99 % for beta radiation. Each sample was counted 

three times. The results are given as arithmetic mean 

with standard error (4,19). 
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Statistical analysis 

GA and GB radioactivity concentration values 

obtained in the research with the aim of revealing 

differences according to research groups and 

individual gender, firstly had the normality 

assumption checked with the Shapiro-Wilk test 

(p<0.05). Based on the results of the normality test, 

differences among the age groups in terms of 

measurement values were determined with the 

Kruskal-Wallis and Dunn’s multiple comparison 

tests. Differences according to gender were 

determined with the Mann-Whitney U test. The 

correlation between ages of individuals with GA and 

GB values was determined with the Spearman’s rho 

correlation coefficient. Research findings are given as 

n, mean, standard deviation, median and IQR values. 

All statistical calculations were performed in the 

SPSS V. 22.0 statistical program. Research findings 

had significance level of p<0.05 accepted as 

significant. 

RESULTS 

The distribution of GA and GB concentrations is 

presented in Table 1. Statistically significant 

difference was detected among groups for GA 

radioactivity concentration (P<0.05). Mean GA value 

was higher in Group 1 (6-15 years) compared to the 

other groups (P<0.05). However, there was no 

statistically significant difference between the groups 

for GB radioactivity concentration (P>0.05). There 

was no significant correlation identified between age 

and GA and GB radioactivity concentrations (r =-

0.173, P=0.090 and r=0.022, P= 0.828, respectively).  

The mean GA and GB radioactivity 

concentrations values were 0.167±0.102 Bq/g and 

0.459±0.805 Bq/g, respectively. The minimum and 

maximum GA radioactivity concentrations values 

were 0.056 and 0.610 Bq/g. The minimum and 

maximum GB radioactivity concentrations values 

were 0.043 Bq/g and 2.799 Bq/g.  

The mean GA and GB radioactivity 

concentrations for male and female individuals in the 

study according to age groups are given in Table 2. 

There were no significant differences between the 

genders for both GA and GB radioactivity values in 

groups (P>0.05). When all tooth samples are assessed 

according to the gender of individuals, the mean GA 

and GB values in female were 0.159±0.100 Bq/g and 

0.552±0.889 Bq/g, the mean GA and GB values in 

male were 0.177±0.105 Bq/g and 0.346±0.683 Bq/g, 

respectively. 

 
Table 1. Distibution of GA and GB radioactivity concentrations  

Groups n Mean 
Std. 

Deviation 
Median IQR P* 

Gross 

Alpha 

Group 1 25 0.249a 0.157 0.149 0.271  

 

0.002 
Group 2 25 0.129b 0.053 0.119 0.058 

Group 3 23 0.129b 0.027 0.140 0.041 

Group 4 24 0.159ab 0.061 0.144 0.069 

 

 

Gross 

Beta  

Group 1 25 0.531 0.897 0,099 0,061  

 

0.657 
Group 2 25 0.308 0.688 0.093 0.021 

Group 3 23 0.460 0.713 0.096 0.056 

Group 4 24 0.539 0.920 0.097 0.087 

Different superscripts a and b show statistically significant difference among groups (P<0.05) 

P*=Kruskal-Wallis Test 
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Table 2. GA and GB radioactivity concentrations for genders according to groups  

Gender n Mean Std. Deviation Median IQR P* 

Group 1 

Gross Alpha Male 13 0.270 0.145 0.205 0.270 0.183 

Female 12 0.226 0.173 0.144 0.226 

Gross Beta Male 13 0.280 0.658 0.094 0.033 0.341 

Female 12 0.803 1.061 0.101 2.102 

Group 2 

Gross Alpha Male 8 0.110 0.034 0.108 0.062 0.336 

Female 17 0.138 0.058 0.120 0.088 

Gross Beta Male 8 0.154 0.197 0.091 0.058 0.749 

Female 17 0.380 0.822 0.093 0.015 

Group 3 

Gross Alpha Male 8 0.146 0.019 0.144 0.006 0.098 

Female 15 0.119 0.027 0.130 0.052 

Gross Beta Male 8 0.531 0.800 0.097 1.243 0.651 

Female 15 0.421 0.689 0.096 0.022 

Group 4 

Gross Alpha Male 15 0.148 0.055 0.141 0.035 0.310 

Female 9 0.176 0.069 0.149 0.112 

Gross Beta Male 15 0.406 0.822 0.096 0.034 0.493 

Female 9 0.762 1.079 0.116 1.694 

P*= Mann-Whitney U test 
 

DISCUSSION 

The human body is exposed to external radiation 

due to pollution of air, soil, water, and plants by 

radioactive elements. Humans may be exposed to 

internal radiation due to intake of radioactive material 

through different routes including the respiration 

system, digestive system, or dermal absorption. 

These elements accumulate in different sections of 

the organism linked to the chemical properties (5). As 

a result, it is very important to analyze individuals for 

some radioactive material with properties of 

accumulating in the body. Total exposure to natural 

or artificial ionizing radiation sources may be 

determined by investigating teeth. There are previous 

studies examining GA and GB values in drinking 

water and teeth (1,4,5,17,23). Therefore, in present 

study, GA and GB values were examined in dental 

samples.  

In the current study, the effect of age and gender 

factors on GA and GB values was evaluated in 

permanent first molar tooth samples. Considering our 

results, while a statistically significant difference was 

detected among groups for GA radioactivity 

concentration, no significant difference was detected 

among groups for GB. Therefore, the first null 

hypothesis was partially rejected. In addition, no 

statistically significant difference was found between 

the genders in both GA and GB radioactivity 

concentrations for all groups. Therefore, the second 

null hypothesis was accepted. 

We are exposed to many adverse effects due to 

exposure to artificial radiation for a variety of reasons 

during our lives and because of natural radiation 

affecting our bodies in nature. Radioactivity 

measurements are important to assess the effect of 

radiation on the environment and living organisms. 

This type of analysis may assist in preventing some 

health problems that may be experienced by of 

variations occurring from the first stage of life until 

the end in humans. As radionuclides (226Ra, 228Ra, 

210Po, 40K) are similar to Ca in terms of structure 



Gross Alpha and Beta in Tooth Samples Mid Blac Sea J Health Sci 2022;8(1):1-8 

 

6 
 

and precipitation properties, in the body accumulation 

occurs especially in bones and teeth (5,24,25). 

There are limited numbers of studies about GA 

and GB activity measurement in teeth in the literature. 

Penna-Franca (26) reported the radionuclide 

concentration in teeth from HLNRA inhabitants in 

Brazil was 0.76±0.30 Bq/kg (ash). Yamamoto et al 

(13) measured 226Ra activity in permanent teeth and 

bones of those living in different places in Japan. 

They reported that there was no appreciable 

difference in concentration of 226Ra between various 

permanent tooth samples in different age groups in 

Tokyo (13). Sogut et al. (4) measured GA and GB 

activity concentrations in human tooth and stated GA 

and GB have different values for different age groups. 

The findings of our study are partially compatible 

with the findings of Sogut et al. (4). In our study, a 

significant difference was found between age groups 

for GA radioactivity concentration, and no significant 

difference was found between age groups for GB 

value. Different results may have been due to the 

regional and nutritional differences or the differences 

in the type of tooth used and the sample size. In 

addition, permanent first molar teeth may carry traces 

related to exposure doses during both intrauterine life 

and after birth. The use of natural and artificial foods 

such as breast milk and formula may also have caused 

the difference in results. 

There are studies examining the mean GA and GB 

values in teeth in Turkey (4,5,17). Sogut et al. (4) 

reported the GA and GB values were 0.203-0.534 

Bq/g and 0.010-0.453 Bq/g for females, 0.009–

1.168Bq/g and 0.071–0.204 Bq/g for males, 

respectively in a study from Adıyaman in Turkey. 

Taskin et al. (5) reported the mean GA and GB values 

were 31.0-47.8 Bq/kg and 71.2-89.2 Bq/kg for 

females, 52.7-82.1 Bq/kg and 114.0-154.4 Bq/kg for 

males, respectively in a study from Istanbul, Turkey. 

Ugur et al. (17) compared GA and GB radioactivity 

in the Black Sea region and Cukurova region in their 

study and reported values were higher in the Black 

Sea region. In our study, the mean GA and GB values 

for teeth samples from females were 0.159±0.100 

Bq/g and 0.552±0.889 Bq/g, males were 0.177±0.105 

Bq/g and 0.346±0.683 Bq/g, respectively. Different 

results in the literature may be due to environmental 

conditions, eating habits and use of different sample 

sizes.  

This study is considered to have some limitations. 

First, lack of personal information like occupation 

and diet of patients. Second, only permanent first 

molar teeth were examined. Different results can be 

obtained when different type of the teeth was 

included in the study. Third, tooth samples belonging 

to the individuals over 65 years of age were excluded 

from the study because the target n number in the 

group could not be reached. Finally, the sample size 

was limited due to the long duration of the analysis 

and the high cost. Data obtained in our study 

analyzing radioactivity in permanent first molar teeth 

from the Central Black Sea region provide valuable 

contributions to the literature. However, additional 

studies should be conducted to evaluate the effects of 

different parameters on GA and GB. 

CONCLUSION 

• Statistically significant difference was detected 

among groups for GA radioactivity concentration 

(p<0.05).  

• Mean GA value was higher in Group 1 (6-15 

years) compared to the other groups.  
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• No statistically significant difference between the 

genders in both GA and GB radioactivity 

concentrations for all groups (p>0.05). 
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