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The objective of the present study is to understand the effect of chronic low-dose 

radiation that induces in vivo radio-adaptive response. The animals were exposed 

chronically to naturally occring radioactive materials (NORM) for one and two months 

which correspond to 10 &20 mSv which are comparable to the reality of areas with high 

background natural radiation (HBNR). Radioactivity assessment of samples was 

performed using a high purity germanium -ray spectrometer. The study to understand 

the radio-adaptive response was conducted via exposing the experimental animals to a 

challenge dose of 2 Gy, after continuous exposure to 10 & 20 mSv. Comet assay was 

performed in addition to some of antioxidant enzymes concentrations (superoxide 

dismutase (SOD), catalyze enzyme (CAT), reduced and oxidized glutathione (GSH). 

Chronic exposure to 10 and 20 mSv showed DNA damage as a significant elevation in 

Comet assay parameters. In addition, the results of the present work showed a low 

production of antioxidant enzymes CAT, SOD & GSH in both chronic exposures (10 & 

20 mSv and challange dose 2 Gy). The exposure to 20 mSv before 2Gy gamma rays 

resulted in an enhancement of the antioxidant enzymes accompanied with a decrease in 

free radicals which represent an adaptive response. It can be said that for low radiation 

doses, which are less than 100 mSv, their effects differ from high doses, so that it can be 

said that the body has an adaptive response and the application of the linear non-

threshold model must be reviewed for these doses. 
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 INTRODUCTION 

Low level of ionizing radiation (IR) comes from 

natural and man-made sources, both of them are 

commonly human exposure routes. These include 

medical (radio-therapeutic and diagnostic) and 

occupational exposures. Due to the existence of normally 

occurring radioactive materials (NORMs), there are 

many areas in the world where the background radiation 

is high. These high background natural radiation 

(HBNR) regions can be categorized into four levels, 

based on the annual effective doses of the inhabitants, as 

follows: low region below 5 mSv/y (standard level less 

than 1.5mSv/y), average level (5-20 mSv/y), high (20-50 

mSv/y); and very high more than 50 mSv/y) [1,2]. 

Geological formations such as soils, rocks, water, 

sediments, air, and building materials are the main 

sources of the NORM in the earth's environment. The 

naturally occurring radioactive isotopes (238U and 232Th) 

and their descendants, as well as 40K represent around 

87% of human radiation doses [3,4].Chronic exposures 

to natural radioactive materials have severe health 

effects such as lung cancer and leukemia [5]. 

Certain molecular processes have been suggested to 

be induced after exposure to low radiation doses, which 

are dissimilar from those induced by high dose radiation 

[6]. These processes originated in order to be protective 

as assessed by several biological endpoints [7]. The 

adaptive radiation response is a method of counteract the 

challenging dose by low-dose exposure (priming dose), 

thereby noticeably reducing its adverse effects. 

Radiation-induced DNA damage is repaired by various 

DNA repair pathways in human cells depending on the 
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form of lesion [8]. Radio-adaptive responses were 

dependent on the adapting dose, dose rate, expression 

time, culture conditions and stage of the cell cycle [9]. 

Chronic 10 cGy gamma-radiation exposure to mouse 

embryo fibroblasts protected the cells through                 

a subsequent high acute radiation exposure dose against 

neoplastic transformation [10]. 

A previous study concluded that the malignancy rate 

among the population dwelling in apartments in Taiwan 

who were exposed to low dose radiation (LDR) from 

contaminated structure materials [11, 12] has shown       

a lower overall cancer occurrence in the irradiated group 

in comparison to an age-matched control group [13]. 

On the molecular level, a number of studies have 

been carried out on stimulated DNA repair mechanisms, 

in both animals and humans cells. It was shown that        

a lower occurrence of both double and single strand 

breaks was induced by a 1 Gy challenge dose in 

lymphocytes exposed to a prime dose of 20 mGy after 

the initial radiation exposure by 9 and 30 hours [14-15].  

There are three major cellular ionizing radiation 

defense systems that engage radio-adaptive response (1) 

protection against reactive oxygen species (ROS) by 

antioxidant molecules (such as glutathione) and 

detoxifying enzymes (such as catalase and superoxide 

dismutase); (2) DNA repair, in particular for double-strand 

breaks, that disappears at doses higher than 0.5 Gy; (3) and 

removal of genomically injured cells at doses as low as  

a few mSv through immune defenses and apoptosis. It is 

known that the radiation hormesis reaction is associated 

with increased lifespan and decreased mutations [16,17]. 

Regardless of wide data on radiation risks, the health 

effects of chronic low-level radiation exposure are still 

inadequately understood.  

The aim of the current study is focused on the 

chronic exposure of low radiation levels 10& 20 mSv 

which are comparable to the reality of areas with a high 

background natural radiation (HBNR). In addition,         

a dose of 20 mSv corresponds to the annual dose limit 

for occupational exposure. At the same time, the study 

was conducted to understand the radio-adaptive response 

by exposing the experimental animals to 2 Gy after 

continuous exposure to 10 & 20 mSv.  
 

2. Materials and Methods 
 

2.1. Radiometric Analysis of TE-NORM Samples 
 

8 samples of Technologically enhanced NORM (TE-

NORM) waste from the oil & gas industry were 

packaged in plastic containers (0.5 kg each), sealed and 

stored for 4 weeks in order to create a secular 

equilibrium between the natural radionuclides and their 

respective progenies. A High Purity Germanium 

Detector was used to measure gamma-ray from the 

NORM samples. 

The activity concentrations of 238U, 232Th and 40K 

were calculated using spectrum software program (Genie 

2000). Figure (1) shows a typical gamma ray spectrum 

for a NORM sample.  

The activity of 226Ra and 232Th was determined by 

their decay products 214Bi (609 keV and 1120 keV), 
214Pb (295 keV and 352 keV) and 228Ac (338 keV and 

911 keV) respectively, while the activity of 40K was 

determined from its 1460.8 keV gamma energy. The 

measuring counting time was 4hrs, the natural 

background radiation was subtracted from the 

accumulated spectrum [18]. 

 

 

 

 

 

 

 

 

 

 

 

     Fig. (1) Typical gamma ray spectrum for a NORM sample 
 

2.2. Animal preparation  

36 adult male albino rats (220 ± 10 g) were housed in 

plastic cages at ambient temperature, humidity and 

regulated light (12-h day/night cycle). The animals were 

randomly divided into six groups, each one consisting of 

6 rats; they were feed with balanced normal food. Rats 

were anaesthetized with diethyl ether in each group. 

Blood samples were obtained through eye puncture; 

EDTA (ethylene di-amine tetra-acetic acid) was used to 

prevent clotting. The current study was conducted in 

compliance with the IACUC (The Institutional Animal 

Care and Use Committee) statement for the use of 

animals in research and teaching by the local ethical 

committee of AUHA (Al-azhar University Housing 

Animals). 
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2.3. Animal Irradiation 

The experimental animals were chronically exposed 

to natural radioactive materials for a period of one and 

two months which approximately equivalent to absorbed 

dose 10 & 20 mSv as calculated from the activity of the 

naturally occurring radioactive materials [19]. 137Cs 

source, at a dose rate 0.695 Gy/minute, at the National 

Center for Radiation Research and technologies, 

Egyptian Atomic Energy Authority, EAEA was used to 

deliver the challenge dose of 2 Gy to the experimental 

animals.  

2.4. Comet assay 

The method described by Singh et al. [20] was used 

with minor modifications to detect the alkaline Comet 

assay. In brief, about   1 x 104 cells were mixed with low 

melting agarose (Solarbio, Beijing, China) and spread on 

microscope slides. The cells were lysed at pH 10 and 

DNA was unwound for 20 min in an alkaline buffer (pH 

13), followed by electrophoresis (25 V, 300 mA) for 30 

min. The cells were neutralized (5 mg/L, Sigma, St. 

Louis, MO) and stained with ethidium bromide. All 

coded slides for each exposure condition were examined 

using fluorescence microscope (Nikon, Tokyo, Japan) 

equipped with CASP software (CASP Lab, Poland). The 

Comet tail length (TL) was measured by examining 50 

Comet in micrometers. The Comet tail moment (TM) 

was calculated from the Comet tail length multiplied by 

DNA percentage in Comet tail [22]. Data were decoded 

after achievement of all microscopic analyses. 

2.5. Biochemical analysis 

The biochemical analysis was carried by 

centrifugation the sera for 10 minutes at 3000 rpm and 

stored in a refrigerator at -20°C until being used. The 

technique of Ahmed et al. [23] was used to measure the 

reduced glutathione (GSH) content, while the catalase 

activity was measured according to the method of Sinha 

[24] by measuring the catalytic reduction of hydrogen 

peroxide. The superoxide dismutase activity was 

measured utilizing the method of Minami and 

Yoshikawa [25]. 

2.6. Statistical analysis 

The data analysis and comparison was performed 

by ANOVA statistical analysis using SPSS 23 program. 

Statistical significance value was set at (p<0.05) and the 

results are represented as mean ± S.D.  

3. RESULTS 
 

3.1 Evaluation of absorbed dose & annual 

effective dose 
  

The radiation damage to tissue and/or organs 

depends on the dose of radiation received or the 

absorbed dose. The absorbed dose of radiation is the 

energy imparted per unit mass of the irradiated material. 

By applying the conversion factors 0.462, 0.604 and 

0.0417 for uranium, thorium and potassium, the activity 

concentrations of 238U, 232Th, and 40K are converted into 

doses using the following equation [19]: 
 

D (nGyh-1) = 0.462AU + 0.604ATh + 0.041Ak ----- (1) 
 

Where Ak, AU and ATh are the activity 

concentrations of 40K, 238U and 232Th in Bqkg-1 

respectively. It is recommended that the acceptable total 

absorbed dose rate by the workers in areas containing 

gamma radiations from238U and232Th series and their 

respective decay progenies, as well as40K, must not 

exceed 0.059 mGyh-1 [19]. 

Human exposure from external sources is mostly 

induced by gamma radiation from radionuclides in the 
238U and 232Th series and from 40K present in all soils. 

Naturally occurring primordial radionuclides are present 

in different degrees in all media in the environment, 

including the human body. The annual effective dose 

equivalent in mSvy−1(AEDE in Eq. 2) is obtained by 

applying a dose conversion factor of 0.7 Sv/Gy to the 

absorbed dose rate "D" 1 m aboveground: 
 

AEDE (mSv/y) = D (nGy/h) × 8760 h/y × 0.7 Sv/Gy  ---(2) 
 

The activity of 226Ra, 232Th and 40K, the absorbed 

dose and annual effective dose are given in table (1). 
 

Table (1): Results of activity concentrations (Bq/Kg) and the 

radiation exposure dose 

Sample 

40K 232Th 226Ra D AEDE 

Bq Kg-1 Bq Kg-1 Bq Kg-1 (Gy/h) (mSv/y) 

1 4.42E+03 5.40E+04 3.08E+04 4.60E+01 5.64E+01 

2 4.84E+03 5.64E+04 1.19E+05 8.58E+01 1.05E+02 

3 4.36E+03 5.10E+04 1.09E+05 7.84E+01 9.62E+01 

4 4.87E+03 5.89E+04 1.18E+05 8.71E+01 1.07E+02 

5 4.59E+03 5.52E+04 1.17E+05 8.43E+01 1.03E+02 

6 4.24E+03 5.01E+04 1.03E+05 7.52E+01 9.22E+01 

7 4.86E+03 5.73E+04 1.23E+05 8.81E+01 1.08E+02 

8 4.55E+03 5.56E+04 1.16E+05 8.42E+01 1.03E+02 

AVG. 4591.13 54815.00 104597.02 78.63 96.43 

S.D. 247.04 3001.53 30441.22 13.91 17.06 
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3.2. Effect of chronic exposure 

The detection of DNA damage and repair was 

carried out by a sensitive Genotoxicity test Comet assay. 

To evaluate the extent of DNA damage at the single-cell 

level, the following parameters were calculated:            

1) Comet assay (CA) that means total distance between 

the beginning of head to the end of tail. 2) Tail length 

(TL) or tail extent exhibits the length of the tail. 3) DNA 

percentage in tail (%DNA) = (100- DNA of head).              

4) Tail Moment (TM) = (tail length * % DNA in tail) /100) 

Olive Tail Moment (OTM) = ((tail mean- head mean) * 

% DNA in tail) /100.  

The present study showed that exposure to 10 & 20 

mSv induced an increase in all Comet Assay parameters 

namely, Tail Length, % of DNA in tail, Tail Moment, 

and Olive Tail Moment. The CometComet assay 

parameters were increased significantly as follows: CA 

from 10.7 to 18.1 %, TL from 4.3 to 5.05 m, %DNA 

from 7.34 to 9.4, TM from 0.32 to 0.478m and OTM 

from 0.676 to 0.96 respectively (Fig.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Comet Assay indices (Comet %(A), Tail length(B), %DNA(C), Tail moment(D) and OTM(E)) of control and 10 & 20 mSv. 
 

Each value represents the mean of 6 records ± S.E., 

(a) Significant difference versus control group at P< 0.05., 

(b) Significant difference versus 10 mSv group at P < 0.05., 

(c) Significant difference versus 20 mSv group at P < 0.05. 
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Figure (3) shows the changes in the antioxidant 

Enzymes levels (CAT, SOD, GSH) induced by 10 & 20 

mSv absorbed dose. Catalase activity showed                  

a significant decrease after 10 mSv and non-significant 

change for 20 mSv (Fig. 3B). However, SOD activity 

showed a significant increase for 10 mSv and                  

a significant decrease for 20 mSv when compared to the 

control group (Fig.3A). However, GSH showed              

a significant decrease by 31 % for 10 & 20 mSv, (Fig.3C). 

3.3 Radio-adaptive response 

All Comet assay parameters showed significant 

increases after exposure to 2 Sv and 10 mSv followed by 

2 Sv, when compared to the control group (Fig.4). 

Exposure to 20 mSv followed by 2 Sv showed an 

insignificant change, when compared to the control 

group, while it showed a significant decrease, when 

compared to the 2Sv as shown in Figure (4). 

Figure (5) shows that the antioxidant parameters 

CAT, SOD and GSH. SOD concentration significantly 

decreased in all irradiated groups: 2 Sv and 10 & 20 mSv 

followed by 2 Sv, (Fig 5A).The most prominent result 

was the decrease at the exposure to 20 mSv followed by 

2 Sv, which decreased by 20 % as compared to the 

control group. However, CAT almost showed no change 

either at a dose of 2 Sv or for 10 & 20 mSv followed by 

2 Sv, (Fig 5B). At the same time, the GSH concentration 

decreased significantly for groups: 2 Sv and for 10 & 20 

mSv followed by 2 Sv (Fig. 5C).  

 

  

 

Fig. (3): The antioxidant enzymes (SOD (A), catalase activity (B) and GSH (C) of control and TE-NORM groups 
 

Each value represents the mean of 6 records ± S.E., 

(a) Significant difference versus control group at P< 0.05., 

(b) Significant difference versus 10 mSv group at P < 0.05., 

(c) Significant difference versus 20 mSv group at P < 0.05. 
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Fig. (4): Comet Assay indices (Comet %(A), Tail length(B), %DNA(C), Tail moment(D) and OTM(E)) of control, 2Sv and 10 &20 

mSv followed by 2 Sv 
 

Each value represents the mean of 6 records ± S.E. 

(a) Significant difference versus control group at P< 0.05 

(d) Significant difference versus 2Sv group at P < 0.05 

 

 



  40                                                                                                 S. M. El-Marakby et.al 

 

Arab J. Nucl. Sci. Appl., Vol. 54, 3, (2021)   

 

 
 

  

 

                                                               (C) 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (5): The antioxidant enzymes (SOD (A), Catalase activity (B) and GSH (C) of control 2Sv and 10 & 20 mSv followed 

by 2Sv groups 

Each value represents the mean of 6 records ± S.E. 

(a) Significant difference versus control group at P< 0.05 

(d) Significant difference versus 2Sv group at P < 0.05 

 

4. DISCUSSION 

In recent years, the effect of ionizing radiation on 

cell and DNA has been very well understood. On the 

other hand, studies have been conducted using cell 

strains and mice, using acute or multiple doses of 

radiation. Therefore, the prolonged exposure to 

chronically low-dose ionizing radiation from normal 

cells and species is relatively little understood [26]. The 

biological effects of prolonged exposure to low doses of 

natural radiation are another field not thoroughly 

researched. It comes mainly from natural sources 

including radon, earthly and cosmic radiation that 

penetrate the outer atmosphere of the earth. The average 

human exposure will be around 2.4 mSv per year [27], 

but in many geographic regions all over the world this 

dose rises over ten times [28]. The International 

Commission of Radiological Protection (ICRP) 

Publication 103 [29] recommended the dose limit for 

occupational exposure in planned situations of 20 mSvy-1 

averaged over 5 year (100 mSv in 5 years) with an 

effective dose not more than 50 mSv/y.  

This study comes within the framework of an 

attempt to answer the question posed, whether chronic 

exposure to low doses of natural radiation may cause 

harm to residents of areas with high radiation 

background?. or could this exposure be beneficial to 

these populations and causes what is called radio-

adaptive response? This is an open scientific 

controversy, and many scientific schools try to answer 

this question, taking into account the international rules 

for radiation protection that depend on Linear              

no-Threshold (LNT) model, which is based on the fact 
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that there is a linear relationship between dose and risk. 

It considered that any radiation dose, even if it is a low 

one, has a harmful effect [17].  The DNA damage in 

cells following a short-term exposure was detected by 

Comet Assay. However, this damage can be restored or 

undergo programmed cell death (apoptosis) and/or 

mutations, leading to a reduced detectable DNA damage 

[30] (Fig.6). Consequently, LDR does not contribute to 

the accumulation of DNA mutation and has no damaging 

effect on cell transformation, which may reflect in no 

change in cancer risks [31].  

Based on the obtained data, an increase in TM and 

TL was found, which is related to chronic exposure to 

high natural radiation and considered as the criteria of 

DNA damage. Moreover, an elevation in the percentage 

of DNA in the tail that is directly proportional to the 

amount of damaged DNA was observed. This DNA 

damage was detected after continuous exposure to 10 

&20 mSv. Furthermore, this DNA damage occurred after 

simultaneous exposure to a dose of 2 Gy and                   

a continuous dose of 10 mSv from natural radiation. 

However, the results of simultaneous exposure to dose   

2 Gy and 20 mSv showed an improvement in the DNA 

damage. The radio-adaptive response means that a low-

dose chronic natural radiation acts as an initial dose to 

stimulate in vivo radiation resistant. DNA damage 

induced by chronic exposure to 10 & 20 mSv and acute 

exposure to 2 Gy Gamma radiation using Comet assay 

showed an increase in all Comet assay parameters TL, 

TM, DNA in tail & OTM after exposure. Chronic 

exposure to low dose from natural radiation showed          

a lower DNA damage when compared to the irradiated 

group with the challenge dose alone (2Gy). Adaptive 

response was significant at chronic exposure to 20 mSv; 

whereas it is not observed after 10 mSv. The induction 

of a radiation adaptive response in terms of DNA 

damage induced by chronic natural radiation exposure 

could be caused by enhanced level of antioxidative 

enzymes. 

It can be said that the low dose radiation (LDR) 

does not only provide defense of DNA from immediate 

harmful events of DNA, but also contributes to the long-

term adaptive reactions, which can protect the cell [32]. 
Several studies have shown that a single or fractionated 

100 mGy or alower dose of conditioning is enough to 

increase the development of DNA repair systems 

capable of safeguarding against DNA damage from 

challenge doses of 1 to 4 Gy [33-35]. These studies also 

show that fractional or chronic exposure of low dose 

radiation LDRs are more successful for developing and 

sustaining long-term adaptive responses than acute low 

dose radiation LDR exposure [36]. A number of studies 

have examined the function of priming dose (a) inducing 

antioxidants to detoxify free radicals from the higher 

challenging dose, (b) resulting in a pause in the cell 

cycle in the transient cell cycle affecting progression of 

cells, (c) rising apoptotic cell death, resulting in damaged 

cell loss and (d) activation of several signaling pathways. 

All of these aspects may be linked to radiation 

adaptation induction, which lead to DNA repair 

activation at a low-dose radiation [37]. It is known that a 

high dose radiation linked with cancer development. In 

contrast, there is no direct association between cause and 

effect at low radiation levels with a high degree of 

uncertainty [38]. A significant disadvantage of the linear 

non threshold model LNT is the non-compliance with 

DNA defense mechanisms. The LNT model is based on 

studies using DNA markers such as γH2AX for the 

identification of DNA. This makes it questionable that 

the repair of DNA is also linearly linked to the dose level 

of radiation [39-41]. This would mean the DNA repair 

mechanisms neutralize the DNA damaging effects 

induced by low dose radiation LDR. The LNT statement 

does not take the importance of biodefense systems into 

account, but implies that the risks of cancer at a zero 

dose starting point are proportionately linear without a 

threshold. The LNT presumption of low dose indicates 

that any radiation dose, irrespective of to what extent it 

is low, increases cancer risk [17]. The validity of using 

this dose response model is controversial as evidence 

that live species, including humans in the last decade, 

respond to a low dose radiation differently from a high 

dose radiation [42]. 

 
 

Fig. (6): Molecular mechanisms LDR exposed cells undergo preventing DNA mutation accumulation 
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The ionizing radiation produces different reactive 

oxygen species (ROS) such as superoxide, hydrogen 

peroxide and hydroxyl radical, in a number of different 

cells. ROS is noticeably high reactive to cell 

macromolecule, including DNA, lipids and proteins. 

They are also engaged in cellular radiation reactions 

linked to signal transduction. Radiation affects genetic 

instabilities, which leads to a delayed biological effect 

such as gene mutation, chromosome aberration and cell 

death [43]. Cells respond to increased free radicals, by 

producing natural antioxidants including superoxide 

dismutase, glutathione, catalase that can diminish or 

eliminate cell structure damage. The glutathione 

peroxidase enzyme lowers ions of hydroxide, while 

superoxide dismutase decreased the superoxide ions to 

hydrogen peroxide. Catalase is used to generate water 

with hydrogen peroxide formed by superoxide dismutase 

[44,45].The results of the present study showed a low 

production of antioxidant enzymes CAT, SOD & GSH 

in chronic exposure to both 10 & 20 mSv and challange 

dose 2 Gy. The exposure to 20 mSv before 2Gy gamma 

rays resulted in an enhancement of antioxidant enzymes 

accompanied with a decrease in free radicals, which 

represents an adaptive response. Eken et al. [46] has 

shown that occupational exposure to ionizing radiation 

can induce the activity of erythrocytes CuZn-SOD and 

Se-GPx enzymes, and diminish CAT enzyme and MDA 

activity. The findings can be explained in terms of 

radiation hormesis with low dose.  

A high production of free radicals in chronic 

exposure (to both TE-NORM exposure for both 30 and 

60 days, which is equivalent to 10 &20 mSv 

respectively) and challenge dose 2 Gy using EPR was 

noticed in a previous work by the present authors [47]. 

These results are in line with what was obtained in the 

previous study as well, which confirms the damage of 

DNA as a result of chronic exposure to natural 

radioactive materials. 

Finally, from the obtained results, it is clear that 

there is a balance between the DNA damage, which is 

measured by Comet assay and the internal defense 

system represented by the antioxidants, when being 

exposed to low radiation doses. It can be said that for 

low radiation doses, which are less than 100 mSv, their 

effects differ from high doses, so that it can be said that 

the body has an adaptive response and the application of 

the linear non-threshold model must be reviewed for 

these doses. 

5. CONCLUSION 

The preliminary results of the current study 

revealed that in vivo chronic low-level natural radiation 

provides an increase in the level of DNA damage and 

this damage can be balanced by internal defense system 

especially an increase in the antioxidant enzymes. At the 

same time, the chronic exposure to low level of natural 

radiation before challenge dose provides radio-adaptive 

response. Further studies will be needed to clarify the 

biological and health impacts of natural low-level 

chronic exposure to radiation. 
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