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Abstract 
Biomonitoring of occupational exposures relies on surveillance of exposure 
and its biological consequences. The measurement of micronuclei in 
population of exposed cells is a cytogenetic end point used for estimation 
purposes. To ensure that only dividing cells are scored, cells are treated 
with cytochalasin B, which blocks cytokinesis and results in binucleated 
cells. Only the binucleated cells are evaluated for the formation of 
micronuclei. In 2004 – 2005 there have been analyzed and compared two 
groups of medical staff occupationally exposed to X-rays by using 
micronucleus test. The first group consisted in 9 doctors and nurses 
specialized in interventional cardiology from the Institute of Cardiology - 
Timisoara, Romania, males and females, smokers and nonsmokers. The 
mean age was 41.5y and the mean duration of employment 10.6y. 
According to personal dosimeters, some of them have had an overdose 
exposure.  The other group consisted in 19 doctors and nurses from the 
radiology department of several hospitals from Timisoara with the mean 
age of 48.3y and the mean duration of employment of 17.8y. According to 
personal dosimeters, none of them have had an overdose exposure. The 
recorded frequency of micronuclei was 62.6/1000 binucleated cells for the 
interventional cardiology personnel. There have been observed cells with 
2, 3 and even 5 micronuclei. For the radiology department personnel the 
frequency of micronuclei was 15.4/1000 binucleated cells and the 
appearance of cells with more than one micronucleus was exceptional. In 
general, there was a tendency of accumulation of micronuclei with age but 
the correlation with the age of employment was rather unclear. Due to low 
doses exposure confounding factors could exist. For instance, a proportion 
of micronuclei are formed because of other mutagen factors from the 
environment or smoking habit. Nevertheless the exposure of interventional 
cardiology personnel is more consistent and further radioprotection 
surveys have to be done in order to reduce the exposure.  
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INTRODUCTION 
 

Occupational exposure to ionizing radiation can be assessed by using 
biological indicators or biological dosimeters based on radiation induced 
alterations at various levels of biological organization [1]. Health care 
personnel involved in different X-ray procedures are included in the group 
with the most consistent exposure to low doses of ionizing radiation.  

Micronuclei offer a source of information for cytogenetic injury 
following exposure to ionizing radiation. The presence of micronuclei can 
be taken as an indication of the previous existence of chromosomal 
aberrations [2]. Some authors consider that the cytokinesis – block 
micronucleus assay in peripheral blood lymphocytes has the best prospects 
among the cytogenetic methods used nowadays [3, 4]. 

In the present study there have been analyzed the chromosomal 
damages induced in a group of persons occupationally exposed to low level 
doses of ionizing radiation using as biological indicator the micronucleus 
test.  

 
MATERIALS AND METHODS 
 
In 2004 – 2005 there have been analyzed and compared two groups 

of medical staff occupationally exposed to X-rays by using micronucleus 
test. The first group consisted in 9 doctors and nurses specialized in 
interventional cardiology from the Institute of Cardiology - Timisoara, 
Romania, males and females, smokers and nonsmokers. According to 
personal dosimeters, some of them have had an overdose exposure. The 
other group consisted in 19 doctors and nurses from the radiology 
department of several hospitals from Timisoara. According to personal 
dosimeters, none of them have had an overdose exposure.  All of them 
were occupationally exposed to chronic external low-level doses and with 
more than five years of employment. From both groups we have excluded 
the individuals with recent radiation exposures (other than routine 
diagnostic X-ray), under certain medication (e.g., chemotherapy), with 
known genetic disorders associated with chromosome fragility (e.g., 
Fanconi anemia, Bloom syndrome, ataxia teleangiectasia), and neoplastic 
diseases. 
 Micronucleus assay was set up by culturing blood samples in two 
parallel series for each subject. Heparinized samples were added to RPMI 
1640 medium containing 15% fetal calf serum, 2mM glutamine, 2% 



phitohemaglutinin P (Sigma), 100-units/ml penicillin and 100 µg/ml 
streptomycin. The used proportion was 0.5 ml blood to 4.5 ml medium. 
After 44 hours of incubation cytochalasin B (Sigma) was added in final 
concentration of 6µg/ml. Lymphocytes were fixed in 3:1 methanol after 
short hypotonic treatment with refrigerated 0.075 M KCl solution and then 
stained with Giemsa. For each subject 1,000 binucleated cells were 
analyzed and the total number and frequencies of micronuclei were 
determined.  

The results were presented as mean values of cells with aberrations 
or micronuclei in percentages. Using the Poisson distribution the results 

obtained on the subjects occupationally exposed were compared with the 
subjects of the control group. 
 

 
 
RESULTS 

 
The mean age of the first group was 41.5y and the mean duration of 

employment 10.6y. For the second group the mean age of 48.3y and the 
mean duration of employment of 17.8y. 

The mean number of micronuclei was 15.4+/-6.07  for radiology and 
62.6+/- 22.85% for interventional cardiology. It is obvious the four times 
accumulation of micronuclei in peripheral lymphocytes of medical 
personnel from interventional cardiology. Table 1 illustrates the mean 
values of micronuclei, the lowest and the highest value recorded in the two 
studied groups.  

Group No. 
subje
cts 

Mean 
age 
(y) 

Micronuclei 
/1000 CB ± SD 

Lowest value 
MN / 1,000 CB

Highest value 
MN / 1,000 

CB 
 

Radiology 
 

 
19 

 
41.5 

 
15.4+/-6.07 

 
2 

 
23 

 
Cardiolog

y 
 

 
9 

 
48.3 

 
62.6+/- 22.85%

 
37 

 
94 

Figure 1. binucleated cell with 1 
micronuclei  
Figure 2. binucleated cell with 2 
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Table 1. The frequency of micronuclei in Radiology and Cardiology groups. 

 
 
 
 

 
In the binucleated cells of cardiology personnel there have been 

encountered very often 2, 3 and even 5 micronuclei per one binucleated 
cell. This aspect demonstrated a serious injury. For the other group, the 
more than 1 micronucleus/binucleated cell aspect was rare.  

 
DISCUSSION 
 
In general, the occurrence of micronuclei is related to the loss of 

chromosome segments due to chromosome breaks or chromosome 
exchanges. Thus, micronuclei provide a measure of both chromosome 
breakage and chromosome loss and it has been shown to be at least as 
sensitive an indicator of chromosome damage as classical metaphase 
chromosome analysis [1-7]). It seems that micronuclei could express the 
degree of individual sensitivity to mutagen factors [16, 17, and 18]. In the 
case of low doses exposure the confounding factors could be attributed to 
the proportion of micronuclei formed because of other mutagen factors 
from the environment including also the spontaneous chromatid 
aberrations [1, 8-10, 12-14].  

The occupationally exposed people from this study suffered external 
chronic exposure to low-level rate of ionizing radiation. Two persons from 
the interventional cardiology showed overexposure during their 
employment time by physical dosimetry.  The frequency of micronuclei 
was higher in the cardiology group comparing with the radiology one.  

Age – number of micronuclei correlation coefficient had the value of 
0, 28 for Radiology Department and -0.12 for interventional cardiology. 
There is a positive correlation for the Radiology medical personnel 
meaning that the number of micronuclei is increasing with age, but the 
value of correlation is not significant. In contrast, for the interventional 
cardiology medical personal there is a negative correlation and no 
significant association between the two variables.  

The correlation between duration of employment and number of 
micronuclei showed the following figures: 0.35 for radiology and 0.11 for 
interventional cardiology. These values indicated a positive correlation 
between the two variables, but with no statistic significance. 

 
The mean frequency for the radiology personnel is close to the mean 

frequency for the population (11-14+/-6 in 1000 binucleated cells), 
meaning that this group of exposed people is homogenous, while the 



cardiology group is a heterogeneous one (standard deviation was +/- 
22.85% in relation with the mean value).   

It can be speculated that the medical personnel from interventional 
cardiology has received a supplementary dose of radiation from 
occupational exposure. Further studies are necessary to increase the 
number of examined medical personnel and to try to establish some 
possible connexions with the type of X-ray facilities, the personal working 
schedule and of course the doses recorded through personal dosimeters. 

In conclusion there were not statistic significant values for the 
correlation between age, duration of employment and number of 
micronuclei, but the accumulation of micronuclei was evidently greater in 
the examined medical personnel from interventional cardiology.  
 
BIBLIOGRAPHY 
 
1. M. Fence, A. A. Morley, Cytokines is-block micronucleus method in 
human lymphocytes: effect of in vivo ageing and low-dose X-irradiation, 
Mutat. Res. 161 1986 193–198. 
2. W.U. Muller, C. Streffer, Micronucleus Assays, in: G. Obe Advances in 
Mutagenesis Research 5, Springer Verlag, Berlin, 1994, pp. 1–134. 
3. J.D. Tucker, R.J. Preston, Chromosome aberrations, micronuclei, 
aneuploidy, sister chromatid exchanges and cancer risk assessment, Mutat. 
Res. 365 1996 147–159. 
4. B. Miller, S. Albertini, F. Locher, V. Thybaud, E. Lorge, Comparative 
evaluation of the in vitro micronucleus test and the in vitro chromosome 
aberration test: industrial experience, Mutat. Res. 392 1997 45–59. 
5. M. Kirsch-Volders, Towards a validation of the micronucleus test, 
Mutat. Res. 392 1997 1–4. 
6. H.J. Evans, Historical perspectives on the development of the in vitro 
micronucleus test: a personal view, Mutat. Res. 392 1997 5–10. 
7. M. Fenech, The advantages and disadvantages of the cytoki- nesis-block 
micronucleus method, Mutat. Res. 392 1997 11–18. 
 8. D.A. Eastmond, J.D. Tucker, Identification of aneuploidy-inducing 
agents using cytokinesis-blocked human lymphocytes and an anti-
kinetochore antibody, Environ. Mol. Mutagen. 13 1989 34–43. 
9. M. Fenech, A.A. Morley, Measurement of micronuclei in human 
lymphocytes, Mutat. Res. 148 1985 29–36. 
10. OECD, Report of the OECD Workshop on Harmonization of Validation 
and Acceptance Criteria for Alternative Toxicological Methods, Paris: 
Organization for Economic Co-operation and Development, 1996, 60 pp. 
 11. J. Surrales, A. Antoccia, A. Creus, F. Degrassi, F. Peris, C. Tanzarella, 
N. Xamena, R. Marcos, The effect of cytochalasin- B concentration on the 
frequency of micronuclei induced by four standard mutagens. Results from 
two laboratories, Mutagenesis 9 1994 347–353. 



12. Fenech, Important variables that influence base-line micronucleus 
frequency in cytokinesis-blocked lymphocytes—biomarker for DNA damage 
in human populations, Mutat. Res. 404 1998 155–165. 
13. M. Fenech, J. Rinaldi, The relationship between micronuclei in human 
lymphocytes and plasma levels of vitamin-C, vitamin-E, vitamin-B12 and 
folic acid, Carcinogenesis 15 1994 1405–1411. 
14. M. Fenech, J. Rinaldi, A comparison of lymphocyte micronuclei and 
plasma micronutrients in vegetarians and non-  vegetarians, 
Carcinogenesis 16 1995 223–230. 
15. M. Fenech, G. Perepetskaya, L. Mikhalevich, A more comprehensive 
application of the micronucleus technique for biomonitoring of genetic 
damage rates in human populations experiences from the Chernobyl 
catastrophe, Environ. Mol. Mutagen. 30 1997 112–118. 
16. Koteles, G.J. The human lymphocyte micronucleus assay. A review of 
its applicabilities in occupational and environmental medicine. Central 
European Journal of Occupational and Environmental Medicine, 1996, vol. 
2 (1): 12-30. 
 17. Koteles, G.J., Bojitor, I., Szirmai, S., Berces, J., Otos, M. Micronucleus 
frequency in cultured lymphocytes of an urban population. Mutat. Res., 
1993, 319: 267-271.  
18. Noditi, Mihaela, Toro, L. Low dose of ionizing radiation exposure 
monitoring by micronucleus test Analele Inst. de Sãnãtate Publicã 
Timisoara, 2000, 7 (16): 279-288. 
 


