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Abstract. The chest radiograms represent the basic radiological examinations of thorax. The basis for radiation 
protection especially in pediatrics is the exact determination of doses. The risk estimation of genome damages can 
be received in human peripheral blood lymphocytes using alkaline version of Comet Assay. The aim of this work 
was assessment and quantification of the level of DNA damage in peripheral blood lymphocytes of children 
during airways X-ray examinations of chest and to compare data to the dose of exposure. Doses were determined 
using thermoluminescence (TL) dosimetry and radiophotoluminescent (RPL) glass dosimetry system. Twenty 
children with pulmonary diseases, ages between 5 and 14 years were assessed. Dose measurements were 
conducted for poster-anterior (PA) projection on the forehead, thyroid gland, gonads, chest and back. We used a 
150 kV Shimadzu CH-200M X-ray unit. Peripheral blood samples were taken from children after and prior to X-
ray exposure and were examined with the alkaline Comet Assay. Comet Assay is one of the standard techniques 
for assessing genome damage with variety applications in genotoxicity testing as well as fundamental research in 
DNA damage and repair. As a measure of DNA damage tail length was used, calculated from the centre of the 
head and presented in micrometers (μm). Mean value of group after irradiation was 14.04±1.74 as opposed to 
mean value of group before irradiation that was 13.15±1.33. Differences between mean tail lengths were 
statistically significant (P<0.05, ANOVA). In addition, correlation was found between doses in primary beam 
(measured on the back) and the ratio of tail length (DNA damage) before and after irradiation. Doses measured 
with TL and RPL dosimeters showed satisfactory agreement and both dosimetry methods are suitable for 
dosimetric measurements in X-ray diagnostics. 
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1. Introduction 
 
Chest radiograms represent the basic radiological examinations of thorax and are the most frequently 
performed radiological diagnostic procedure in the children population [1]. This irreplaceable method 
has to be performed by highest standards to secure that the young patients have the least harming 
procedure possible [2]. The ALARA (As Low As Reasonably Achievable) principle is the basis for 
radiation protection. Also, the exact determination of doses is the prerequisite for risk estimation of 
genome damages, especially in pediatrics.  
 
Taking into account epidemiological researches conducted until now and the fact that children 
population is one that is most sensitive to radiation, there is a need for following up the doses that 
these children are exposed during the X-ray examination [3]. In this research we wanted to correlate 
and compare dose of exposure to the possible impact on DNA molecule due to exposure to low level 
of X-ray during diagnostic examination. For that reason, we used different types of dosimetry system 
and for the evaluation of DNA migration alkaline Comet Assay was used as a sensitive tool in 
assessment of DNA damage even after exposure to low doses of irradiation.  
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2. Materials and Methods 
 
2.1 Subjects 
 
Twenty children (14 female, 6 male) with pulmonary diseases, ages between 5 and 14 years were 
assessed. The weight and height of the patients varried between 20 and 69 kg, and 110 and 177 cm, 
respectively. The children’s health condition was indication for both X-ray examination and blood 
taking. The present study was performed in accordance with high standards of ethics. Blood donors 
were informed about the aim and the experimental details of the study. All of them gave their 
informed consent and volunteered to donate blood for sampling. Every volunteer completed a 
standardized questionnaire, designed to obtain relevant details about the current health status, history 
and lifestyle.  
 
2.2 X-ray examination 
 
The thorax examinations were carried out in poster-anterior (PA) projection on 150 kV Shimadzu CH-
200M unit. The conditions of exposure were choosen according to the normal routine examination 
procedure. The parameters of the irradiation were the following: the voltage of the X-ray tube varried 
in the range 95 kV - 105 kV, the quantity of charge 2 mAs – 3.6 mAs, the time of irradiation 5 ms - 
11 ms. 
 
2.3 Blood Sampling 
 
Peripheral blood samples were taken from children with pulmonary diseases prior and immediately 
after X-ray examination. Blood samples were collected in heparinised tubes (BD vacutainer, Becton-
Dickinson, NJ, USA) under sterile conditions by venipuncture. After collection, all blood samples 
were randomly coded, cooled to 4 °C, transported to the laboratory and processed as quickly as 
possible. 
 
2.4 Dosimetry 
 
In this research, two types of dosimetry systems were used, the radiophotoluminescent (RPL) glass 
dosimetry system FG-200 and thermoluminescence (TL) dosimetry system based on LiF:Mg,Cu,P 
[4-5]. The properties as well as the detailed evaluation and readout parameters of the applied 
dosimeter systems are described in our previous work [6]. Dose measurements were conducted for 
poster-anterior (PA) projection on the forehead, thyroid gland, gonads, chest and back. 
 
2.5 The Alkaline Comet Assay 

The single cell gel electrophoresis Assay/Comet test was carried out under alkaline conditions, as 
described by Singh et al. [7] Fully frosted slides were covered with 1% normal melting point (NMP) 
agarose (Sigma). After solidification, the gel was scraped off the slide. The slides were then coated 
with 0.6% NMP agarose. When this layer had solidified a second layer, containing the whole blood 
sample mixed with 0.5% low melting point (LMP) agarose (Sigma) was placed on the slides. After 10 
min. of solidification on ice, slides were covered with 0.5% LMP agarose. Slides were then immersed 
for 1 h in ice-cold freshly prepared lysis solution [2.5 M NaCl, 100 mM disodium EDTA, 10 mM 
Tris–HCl, 1% sodium sarcosinate (Sigma), pH 10] with 1% Triton X-100 (Sigma) and 10% dimethyl 
sulfoxide (Kemika) added fresh to lyse cells and allow DNA unfolding. The slides were then placed on 
a horizontal gel electrophoresis tank, facing the anode. The unit was filled with fresh electrophoresis 
buffer (300 mM NaOH, 1 mM disodium EDTA, pH 13.0) and the slides were placed in this alkaline 
buffer for 20 min. to allow DNA unwinding and expression of alkali-labile sites. Denaturation and 
electrophoresis were performed at 4°C under dim light. Electrophoresis was carried out for 20 min at 
25 V (300 mA). After electrophoresis, the slides were rinsed gently three times with neutralization 
buffer (0.4 M Tris–HCl, pH 7.5) to remove excess alkali and detergents. Each slide was stained with 
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ethidium bromide and covered with a coverslip. Slides were stored at 4°C in sealed boxes until 

analysis.  
 

2.5.1 Comet Capture and Analysis  

Hundred randomly captured comets from each slide were examined at 250x magnification using an 
epifluorescence microscope (Zeiss, Germany) connected through a black and white camera to an 
image analysis system (Comet Assay II; Perceptive Instruments Ltd., UK). A computerized image 
analysis system was used to acquire images, compute the integrated intensity profile for each cell, 
estimate the comet cell components and evaluate the range of derived parameters. To quantify DNA 
damage parameter of tail length was evaluated. Tail length (i.e. the length of DNA migration) is 
related directly to the DNA fragment size and presented in micrometers. It was calculated from the 
centre of the cell. The analysis did not include the edges and damaged parts of the gel as well as debris, 
superimposed comets, and comets without distinct head (“clouds”, “hedgehogs”, or “ghost cells”). 
 
2.5.2 Statistical analysis 

Each experimental set contained duplicated slides. The comet parameter of tail length measured prior 
and after exposure to X-ray diagnostics was evaluated using Statistica 5.0 package (StaSoft, Tulsa, 
USA). Each sample was characterized for the extent of DNA damage by considering the mean ± SD 
(standard deviation of the mean), median and range of the comet parameters. In order to normalize 
distribution and to equalize the variances, a logarithmic transformation of data was applied. Multiple 
comparisons between groups were done by means of ANOVA on log-transformed data. Post-hoc 
analysis of differences was done by Scheffé test. The level of statistical significance was set at P<0.05.   
 

3. Results 
 
The doses measured on the back of 20 patients varried from 0.109 to 0.288 mSv (expressed as Hp(10)). 
Thyroid doses were in good correlation with the back doses and were on average 7 times lower. Doses 
on gonads and forehead were even lower, hardly measurable. The doses measured with TL and RPL 
dosimeters were in agreement within measurement uncertainty. 
 
Figure 1. is showing distribution of tail lengths measured in peripheral blood lymphocytes of the 
children before and after examination. 
Mean values±SD (standard deviation of the mean) of comet lengths were 13.15±1.33 μm prior to the 
X-ray diagnostics and 14.04±1.74 μm after examination. Differences between mean tail lengths were 
statistically significant (P<0.05, ANOVA). The range of tail lengths prior the examination was 10.26-
19.23 μm and 11.54-23.08 μm after examination. 
 
Figure 1: Mean tail length values in peripheral blood samples of children with pulmonary diseases 
prior and after X-ray diagnostics examination. 
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4. Discussion  
 
Ionizing radiation plays an enormous part in medical diagnostics. The importance of chest X-ray 
examination in pediatrics is immense. To protect the children from unnecessary radiation all aspects of 
radiation protection must be followed. Recent researches show that there is an increase in solid cancer 
risk for individuals who were exposed to a dose from 5 to 100 mSv [8]. De González et al. [9] 
estimated the risk of low dose radiation to be minimal, but still it cannot be neglected.  
 
For evaluation of possible DNA alterations after X-ray diagnostics of children with pulmonary 
diseases and to correlate results with dosimetry, Comet Assay was used. The Comet Assay or single 
cell gel electrophoresis (SCGE) assay is a rapid, sensitive and relatively simple method for detecting 
DNA damage at the level of individual cells. [10-11] It combines the simplicity of biochemical 
techniques for detecting DNA single strand breaks, alkali labile sites and cross-linking, with the single 
cell approach typical of cytogenetic assays. Over the past decade, it has become one of the standard 
methods for assessing genome damage with variety applications in genotoxicity testing, fundamental 
research in DNA damage and repair as well as in population biomonitoring. [12-13] 
 
In order to improve radiation protection more researches has to be conducted. To find out more about 
genome damage and the following repair of the DNA at low dose exposure; our research will continue 
in that direction. In order to perform diagnostic procedures with maximal safety and quality all health 
workers have to do their part. The most important thing is to remember the “ALARA” principle.  
 
Correlation found between doses in primary beam (measured on the back) and the ratio of tail length 
(DNA damage) before and after irradiation suggests that X-ray diagnostic could have impact on DNA 
molecule and in that manner any side effects in children’s diagnostics should be reduced to minimum. 
Doses measured with TL and RPL dosimeters showed satisfactory agreement and both dosimetry 
methods are suitable for dosimetric measurements in X-ray diagnostics. 
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