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ABSTRACT 
 
It is very important in accident investigations that accurate estimating of absorbed dose takes place, so that it 

contributes to medical decisions and overall assessment of long-term health consequences. Analysis of 

chromosome aberrations is the most developed method for biological monitoring, and frequencies of dicentric 

chromosomes are related to absorbed dose of human peripheral blood lymphocytes using calibration curves. 

International Atomic Energy Agency (IAEA) recommends that each biodosimetry laboratory sets its own 

calibration curves, given that there are intrinsic differences in protocols and dose interpretations when using 

calibration curves produced in other laboratories, which could add further uncertainties to dose estimations. The 

Laboratory for Biological Dosimetry CRCN-NE recently completed dose-response calibration curves for X ray 

field. Curves of chromosomes dicentrics and dicentrics plus rings were made using Dose Estimate. This study 

aimed to validate the calibration curves dose-response for X ray with three irradiated samples. Blood was 

obtained by venipuncture from healthy volunteer and three samples were irradiated by x-rays of 250 kVp with 

different absorbed doses (0,5Gy, 1Gy and 2Gy). The irradiation was performed at the CRCN-NE/CNEN 

Metrology Service with PANTAK X-ray equipment, model HF 320. The frequency of dicentric and centric rings 

chromosomes were determined in 500 metaphases per sample after cultivation of lymphocytes, and staining 

with Giemsa 5%. Results showed that the estimated absorbed doses are included in the confidence interval of 

95% of real absorbed dose. These Dose-response calibration curves (dicentrics and dicentrics plus rings) seems 

valid, therefore other tests will be done with different volunteers. 

 

 

1. INTRODUCTION 
 

Cytogenetic biodosimetry is methodology based on measurement of radiation induced 

biological effects visible at the cytogenetic level in order to correlate them with the dose of 

radiation [1]. 
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For several decades, scoring of chromosomal aberrations in cultured human lymphocytes has 

been regarded as the most effective tool for estimating radiation doses received by 

individuals with suspected or actual exposures, in order to contribute to a more objective and 

effective medical action and to obtain estimates of risks in a prospective way [2]. 

 

The dicentric assay is considered as the most sensitive and specific bio-indicator of the dose 

in cases of recent accidental overexposures. The dicentrics are measured on circulating 

lymphocytes and converted to the dose using dose effect calibration curves [3]. 

 

Despite improvements in techniques and the adoption by different workers of more 

comparable statistical programs for data analysis, differences between laboratories’ 

calibration curves still remain. The interpretation of dose using a calibration curve produced 

elsewhere may introduce extra uncertainty, and therefore it must be recommended that any 

laboratory intending to carry out biological dosimetry should establish its own dose–response 

data [4]. 

 

Following this orientation, the Biological Dosimetry Laboratory of the Centro Regional de 

Ciências Nucleares do Nordeste (CRCN-NE/CNEN) recently concluded its dose-response 

calibration curve for X ray field. Curves of chromosomes dicentrics and dicentrics plus rings 

were made using Dose Estimate. Therefore, after having defined the calibration curves, it is 

necessary to validate them. 

 

Thus, this work aimed to initiate the validation of the dose-response calibration curve for X 

rays field of the Biological Dosimetry Laboratory of CRCN-NE/CNEN, using irradiated 

samples with different absorbed doses. 

 

 

2. MATERIALS AND METHODS 
 

 

2.1. In Vitro Irradiation 

 

 

Three blood samples (5 ml) was obtained by venipuncture from one healthy non-smoker 

volunteer and each one were irradiated with different absorbed doses: 0.5Gy, 1.0Gy and 

2.0Gy. The irradiation was performed at the CRCN-NE/CNEN Metrology Service with 

PANTAK X-ray equipment, model HF 320 (Fig. 1) with a source-sample distance of 1m for 

the difference in dose between front and back to be less than 2%. A 1 mm polyethylene 

barrier was used to ensure charge particle equilibrium and air kerma dose rate was 0.275 

Gy/min. To estimate the absorbed dose rate in soft tissue (blood) from air kerma, the 

conversion factor 1.09 was used [4]. 
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Figure 1: X ray irradiation setup (250 kVp PANTAK, model HF 320) in Metrology 
Laboratory of CRCN-NE / CNEN. 

 
 

2.2 Cell Cultured and Slide Preparation 

 

 

Lymphocytes were cultured for 48 hours in RPMI 1640 media (Biological Insdustries), 

supplemented with 20% (v/v) fetal calf serum, 1% (v/v) phytohemaglutinin (Biological 

Insdustries), 1% Hepes (v/v) and 50 µg/mL streptomycin. After 46 hours that culture started, 

0.1 mL 0.0016% Colchicin (Sigma Aldrich) was added. The cells were harvested by 

centrifugation of the samples and the hypotonic shock (0.075M KCl) was realized for 15 min 

at 37°C. The cells were fixed in methanol:acetic acid (3:1). Finally, cells were dropped on 

clean slides and stained with a 5% Giemsa solution (Sigma). 

 

 

2.3 Cytogenetic Analysis 

 

 

This study consisted of counting 500 complete metaphases in each sample, i.e., 46 

chromosomes without overlap. If the cell contains unstable aberrations, then it is should 

balance. For example, a spread containing a dicentric chromosome should also have an 

acentric fragment, but will still amount to 46 pieces. By contrast, a centric ring will also have 

an accompanying fragment, but the total number of objects in the cell will amount to 47 [4]. 

These two types of aberrations were counted. For each absorbed dose analyzed in this study, 

two investigators assessed half of the total number of cells independently. 

 

 

2.4 Data Analysis 
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The mean and variance of each sample were determined to calculate the dispersion indexes. 

All samples were tested to analyze their conformity with Poisson distribution, by means of 

the Papworth’s u test [4,5]. 

 

Absorbed doses in the samples were estimated by dicentrics and dicentrics plus rings 

calibration curves for X rays that were established by CRCN-NE/CNEN using Dose Estimate 

software [6]. Validity of the response has been verified within the 95% confidence intervals. 

 

In Figure 2, it can be observed the quadratic behavior of the calibration curves generated by 

the software and the curves coefficients are arranged in Table 1. 
 

 

 

 

 

Figure 2: Dose-response curves for dicentrics (A) and dicentrics plus rings (B) generated 

by Estimate Dose software for 250 kVp X ray beam from Biological Dosimetry 

Laboratory (CRCN-NE/CNEN) [7]. 
 
 

Table 1: Coefficients of calibration curves, X2 and p-values obtained by Dose Estimate 

software [7]. 
 

Calibration 
curves 

C ± SE α (Gy-1) ± SE β (Gy-2) ± SE X2 df p-value 

Dicentrics 0.0013±0.0007 0.0279±0.0096 0.0545±0.0057 10.36 6 0.7035 
Dicentrics + 
Rings 

0.0013±0.0006 0.0251±0.0081 0.0630±0.0045 7.43 6 0.7607 
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3. RESULTS AND DISCUSSION  
 

 

Table 2 shows the frequencies of each chromosome aberration. The increased frequency of 

dicentric chromosomes was observed when  increased too. When adding the rings in the 

frequencies of dicentrics, the same relationship was observed – increased absorbed dose – 

elevated frequency of chromosome aberrations.  

 

 

Table 2: Number of cells and chromosomal aberrations with their respective frequencies 
after in vitro irradiation with 250kVp X rays. 

 
Dose (Gy) Cells scored Dicentrics YDic Dicentrics+Rings YDic+R 

0.5 545 23 0.042 24 0.044 
1.0 483 35 0.072 39 0.081 
2.0 431 118 0.274 127 0.297 

 

 

However, there is a low frequency of chromosomal rings, especially at the lowest dose (0.5 

Gy). This is explained by the fact that this type of chromosome aberration is rare in human 

lymphocytes irradiated with low LET radiation [8]. Some authors prefer to use dicentric 

chromosomes together with ring chromosomes (dicentrics plus rings), while others choose to 

ignore them in the dose estimate. The term dicentric has also been used in generic forms, 

considering dicentric and ring chromosomes together [3]. This reaffirms the use of dicentric 

as the gold standard of biological dosimetry since the 60's [4]. 

 

A tendency toward underdispersion was observed in the cell distribution of dicentrics and 

dicentrics plus ring chromosomes in the lower doses (Table 3). The Papworth’s u test is a 

normalized unit of the dispersion index, which for the perfect Poisson distribution should be 

one. However, u values proved to be insignificant these dispersions once all u values are in 

the range of ±1.96 in the 95% confidence intervals. 

 

 

Table 3: Distributions of dicentric and dicentric plus ring chromosomes and respective u 
values. 

 
Dicentric Chromossomes Cell Distribution 

Dose (Gy) Cells scored Y 0 1 2 3 4 u 
0.5 545 0.042 522 23 - - - -0,682 
1.0 483 0.072 448 35 - - - -1,111 
2.0 431 0.274 332 84 11 4 - 1,747 

 
Dicentric plus Ring Chromossomes Cell Distribution 

Dose (Gy) Cells scored Y 0 1 2 3 4 u 
0.5 545 0.044 521 24 - - - -0,712 
1.0 483 0.081 444 39 - - - -1,024 
2.0 431 0.297 324 90 13 4 - 1,416 
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Therefore, the results of the intercellular distributions for both dicentric and dicentric + rings 

obtained are in agreement with the Poisson distribution model, expected model for the blood 

samples exposed to the low LET radiation with the randomly distributed interactions in the 

target [4]. 

 

Dose estimates using the coefficients of the dose-response calibration curves for 250 kVp X 

rays of the Biological Dosimetry Laboratory (CRCN-NE / CNEN) can be observed in Table 

4. 

 

 

Table 4: Absorbed dose estimates using the calibration curves of dicentric and dicentric 
plus ring chromosomes obtained through Dose Estimate software 

 
Dicentric Chromossomes 

Absorbed Dose (Gy) Estimated Dose ± SE(Gy) 95% Dose confidence interval (Gy) 
0.5 0,648 ± 0.097 0,457-0,839 
1.0 0,914± 0.107 0,705-1,122 
2.0 1,983 ± 0.132 1,726-2,241 

 
Dicentric plus Ring Chromossomes 

Absorbed Dose (Gy) Estimated Dose ± SE(Gy) 95% Dose confidence interval (Gy) 
0.5 0,637 ± 0.088 0,465-0,809 
1.0 0,927 ± 0.095 0,741-1,114 
2.0 1,954 ± 0.111 1,736-2,172 

 

 

The estimated doses for the three irradiated samples corresponded to the known absorbed 

doses within the 95% confidence interval. These calibration curves being considered, at first, 

valid for their use.  

 

 

4. CONCLUSIONS  
 

Calibration curves for dicentric and dicentric plus ring chromosomes that were established by 

the Laboratory of Biological Dosimetry of CRCN-NE/CNEN were valid for this first test of 

estimation of absorbed doses in exposed individuals. However, more studies are needed to be 

able to use the curve more securely. It is also necessary to experiment with different 

individuals to exclude possible errors from the individual characteristics of the volunteer. 
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