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Abstract 
A cytogenetic analysis of chromosomal aberrations was performed on 15 workers 

from final nuclear waste repository “Novi Han”. The frequency of chromosomal aberrations 
were estimated in  peripheral blood lymphocytes by  conventional staining  with Giemza and 
fluorescent in situ hybridization staining (FISH) using DNA specific probes. The results are 
compared with a control group from the administrative staff of the radioactive storage. All 
persons were interwiewed by a special questionary  list for professional, medical, and social 
staus. The comparison of the results does not show increasement of the frequency of unstable 
chromosomal aberrations detected by conventional staining.  The frequency of stable 
chromosomal aberrations detected by FISH were significantly higher in workers group than in 
controls, although the statistical significance is low. The results show that FISH test is fownd 
to be more sensitive  than conventional chromosomal analysis  as a cytogenetic monitor test of  
the occupationally exposed subjects. 
 
 

Introduction 
Cromosomal aberrations in lymphocytes of subjects professionally 

exposed to ionizing radiation is one of the most reliable biological indicator of 
radiation risk. Recent data showed an unambiguous relationship between 
multistage process of cancerogenesis and induction of chromosomal 
rearrangements (3, 7, 9). 
Novi han nuclear waste repository (NWR is situated 35 km away from Sofia 
(1). The total activity stored by now is over than 60 000 Ci, which required 
health monitoring and radiation protection precautions for the personal. 
Dicentric chromosomes are well known biological dosimeter for estimation of 
radiation exposure (4, 5, 6, 8). The assessment of radiation exposure based on 
dicentric chromosomes scored is restricted to resent, acute exposures, due to 
the removal of the dicentrics over time (6, 7, 9). Occupational exposure is 
mainly protracted over a period of years. The development of the fluorescent 
in situ hybridization technique (FISH) has allowed the scoring of the so called 
stable chromosomal aberrations (translocations and inversions) wich persist 
with time after exposure and can show the accumulation of cytogenetic effects 
of radiation exposure at fractionated, chronic occupational exposure condition 
(2, 8, 11, 12, 13). 
The aim of the present study is the estimation of peripheral blood lymphocytes 
chromosomal damage of nuclear waste repository workers by means of FISH 
chromosome painting and standard Giemsa staining. 
 

Materials and Methods 
Investigated subjects  

27 workers at nuclear waste repository were investigated by means of 
conventional cytogenetic analysis for chromosomal aberrations and 
molecular cytogenetic analysis was performed on 15 workers. The 
subjects were exposed to low level dose and dose rate to alfa, beta, and 
gamma rays for the time period ranging between 1 – 35 years. Regularly 
performed whole body radiation count on the workers showed  that 
ionizing radiation doses are obtained exclusively through external 
exposure.The absorbed dose cumulated during the total period of 
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radiation employment measured by TLD and film badges ranged between 
0,50 – 30,40 mSv, and was well bellow the permissible limit of 50 mSv / 
year. Regular use of personal protection devices is reported. 
The control group was collected from the administrative staff of the 
same company, mainly new employers. It consists of 9 persons, who are 
not exposed to ionizing radiation, 6 of whom were analysed by FISH 
painting as well. Blood samples were collected during their yearly 
medical examination.  
All investigated subjects, exposed and controls, answered a personal 
questionnaire from which a profile of each group was obtained. An 
informed consent documents after receiving an explanation of the study 
were obtained.The characteristics of the study groups are presented in 
Table1. 

Blood samples and culture conditions 
Venous blood was collected in vacutainers containing Li-herapin and 
lymphocyte cultures were incubated at 37o C in 4,25 ml RPMI + 0.75 ml 
fetal bovine serum and phytochaemagglutinin P (4). Two cultures were 
set up from each donor. Colcemid was added to the cultures at 46 h after 
incubation. The cells were harvested at 48 h. After hypotonic treatment 
with KCL (0,075M) the cells were fixed with methanol – acetic acid (3:1 
) and spread on clean slides.  

Analysis of unstable chromosomal aberrations 
Between 100 to 500 cells were scored per person for conventional 
analysis of structural chromosomal aberrations (fragments, dicentrics, 
rings) after staining with 5% Giemsa. In Giemsa stained preparations the 
unstable aberrations were examined. Part of the slides were frozen at –
20o C for subsequent FISH staining. 

Analysis of stable chromosomal aberrations 
Fluorescence in situ hybridization technique (FISH) was applied to 
detect stable aberrations (translocations). Chromosome specific DNA 
libraries (Cambio), FITC labeled, for chromosomes #1 and #4 were 
used. In brief, DNA probes were denatured for 5 min. in 70o C water 
bath, and then incubated for 2 h at 37o C to allow the competition of 
repetitive sequences. Denaturation of in situ DNA was achieved at 80o C 
incubation for 3 min at the presence of 70% formamide, 2xSSC and 10 
mM phosphate buffer to the slides under the coverslip. The hybridization 
in situ was allowed to occur overnight at 37o C in a moist chamber. After 
hybridization the slides were subsequently washed in 50% formamide, 
2xSSC and 4xSSC, Tween 20. The preparations were mounted in 
PI/DABCO, containing antifade. Between 1000 and 4040 metaphases 
were analysed to detect reciprocal, terminal and intersticial 
translocations for each person under Zeiss fluorescence microscope.  

Statistical analysis 
The genomic translocation frequencies were calculated using the 
formula for correction of the painted fraction chromosomes for the 
whole genome. Significant differences between the exposed and control 
group were tested by using χ2 test. 
 

Results and discussion 
The mean values of the aberration frequencies detected by solid 

Giemsa staining and FISH staining in exposed and control workers  at nuclear 
waste repository are shown in figure 1. The frequency of chromosomal 
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aberrations in the peripheral lymphocytes of storage workers, is higher than 
in the controls, although the difference is not statistically significant (p>0,05). 
The cytogenetic damage is dominated by a single chromatid and chromosomal 
fragments. Fluorescent in situ hybridization for translocations scoring was 
performed simultaneously with conventional chromosomal aberration analysis. 
A twofold increase of genomic translocation frequency compared to the 
controls was recorded after scoring stable translocations after FISH labelling. 
The statistical comparison of the mean values of total genome translocations 
showed a marginal statistical difference between the two groups (χ2 = 4,061; 
P<0,05); ( χ2 =3,84; P=0,05). Only one complex exchange (3 brakes in 2 
chromosomes) involving #1 was documented in the exposed workers group, 
which is not included in the table. The higher frequency of stable aberrations 
detected in occupationally exposed group suggests historic exposure. Some 
uncertainties are associated with the age-related variables of translocations (2, 
9). It should be noticed, however that in our study the mean age in the exposed 
group is 46,4 years, with eight persons over the age of 50 . The control group 
consist of younger persons (mean age 32,0), mainly new employers. 
Figure 1. Comparison of the frequencies of chromosomal aberration in 
exposed and control workers 
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Legend: CAs- chromosomal aberrations, dic- dicentric, Fg- genomic 
translocation frequency 
 

 
There are a few studies that assess the genetic effects of human occupational 
radiation exposure analyzing stable and unstable chromosomal aberrations in 
peripheral blood lymphocytes (7, 8, 9). Generally they found a significant 
association between translocation frequency and cumulative dose among 
nuclear power plant workers investigated. 
 In conclusion, the results of this study indicate that prolonged occupational 
exposure to radiation can be detected using FISH chromosome painting and 
analysis of   chromosomal translocations. 
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