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INTRODUCTION
For several decades chromosome aberration analysis in human peripheral blood

lymphocytes has been successfully used to examine people working in ionising
radiation zone [1], and it is well established that they provide the most sensitive
and reliable method for biological dosimetry [2,3].

Literature data reported higher frequencies of chromosomal aberrations in
radiation workers compared to controls, even if their exposure was lower than
permissible level [4-6]. Several cytogenetic studies have shown an increase of
chromosome abnormalities in lymphocytes from radiologists exposed to low doses
of X- or gamma-rays [7-10].

In this work we want to evaluate the late cytogenetic effect that exposure to
low-doses of ionising X-radiation had on chromosomes of radiologists and medical
radiographers compared to control subjects.

MATERIAL AND METHODS
The subjects of in this study were selected according to a questionaire, detailing

personal, medical and occupational history such as age, sex, job title, years of
employment, smoking habits, and diagnostic X-ray exposure. Smoking index for
an individual was equal to product of the average number of cigarettes smoked per
day and duration (in years) of tobacco smoking.The sample of exposed subjects
was divided into two groups. First group consited of 90 medical radiographers ( 41
females and 49 males) and second group consists of 90 radiologists (38 females
and 52 males) between the ages of 26 and 63. Nighty healthy adults (43 females
and 47 males) age range: 27 - 57 years served as controls. For chromosome
analysis, 48-hour cultures were prepared using standard cytogenetic method.
Coded slides were stained with 5% Giemsa and scored 200 metaphases from each
person for unstable chromosomal aberrations. Chromosomal aberrations were
recorded separately: chromatid and chromosome breaks, acentric fragments,
dicentric and ring chromosomes and chromosomal exchanges (triradials and
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tetraradials); but only the number of dicentrics, acentrics and rings were object of
our interpretations. Chromosome aberrations were analyzed using Poisson
regression for profession, age, sex, smoking and years of exposure.

RESULTS
Table 1. shows the demographic data, sex and age of subjects, duration of

occupational exposure to low-doses of ionising (X-) radiation, smoking habit and
diagnostic exposures to X-rays. The groups did not match in age completely, as the
control group was dominated by younger subjects who underwent pre-employment
screening.

Table I. General characteristics of the study population

Sex
All subjects

Females
Males

Age
All subjects

Females
Males

Working
period

Smoking
index

All subjects

Females
Males

All subjects
Females

Males

Diagnostic
X-ray

irradiation

All
subjects

Females

Males

No

Yes
No
Yes
No
Yes

Controls
(±S.E)

90
43
47

34.17 + 0.74
27 - 57 yrs
26 - 57 yrs
27 - 50 yrs

-

-
-

0-1000
0-500
0-1000

64

26
35
8

29
18

Radiologists

90
38
52

44.30 ±0.99
27 - 63 yrs
27 - 60 yrs
29 - 63 yrs

12.84 ± 1.04
0-32 yrs
0 - 32 yrs
0 - 32 yrs
0-1200
0-540
0- 1200

58

32
23
15
35
17

Medical
radiographers

90
41
49

43.22 ±0.99
26 - 62 yrs
26 - 59 yrs
29 - 62 yrs

16.63 ±1.04
0-38 yrs
0-31 yrs
0-38 yrs
0-1160
0-690

0-1160

68

22
33
8

35
14

The yield of chromosomal aberrations (acentric fragments, dicentric and ring
chromosomes) in exposed and control group is summarised in Table 2.
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Table 2. Comparison of yields of acentrics, dicentrics and rings in control and
exposed individuals

Group
Number

of
Mean

age
individuals (years)

Cells
scored

Chromosome aberration / cell

Acentric Dicentric Ring

Control

Radiologists

Medical
radiographers

90 34.2 18000 2.17xlO'3 9.44xlO4 1.11x10""

90 44.3 18000 6.44xlO-3 1.22xlO"3 1.67xlO"4

90 43.2 18000 6.83xl03 7.22xlO"3 5.56xlO"4

Age, smoking, diagnostic exposure to X-rays and occupation were found to
correlate with the occurrence of acentric fragments. The influence of exposure
duration on the frequency of acentric fragments was greater in medical
radiographers than in radiologists. Smoking and sex were found to correlate with
the occurrence of dicentric chromosomes, which were more common in men than
in women.

DISCUSSION
The late effects of X-rays for individulas occupationally exposed to low-

doses of X-rays are very important, concerning the growing use of ionising
radiation with medical purposes. Many studies have shown a raise in chromosome
aberrations, stable and unstable in people exposed to different doses of radiation
[9,11,12].

The present study gives the evidence about the exposure level of medical
radiographers and radiologists comparing to controls. We found an increase
frequency of acentric fragments in the exposed workers. The influence of exposure
duration on the frequency of acentric fragments was greater in medical
radiographers than in radiologists, as reported in other investigations [8, 10-13].

Rings and dicentrics are presented in both exposed groups, and are lower in
the control group. We found an increased frequency of acentric fragments as a
function of years of employment in exposed groups, more in medical radiographers
than in radiologists.

Several studies have shown elevated frequency of chromosomal aberrations
in lymphocytes of radiology technologists exposed to chronic doses of sparsely
ionising radiation [4-6]. On the contrary, no correlation was found in other studies
[8-10,14-16].

Our results point out the value of chromosomal aberration analysis as a
means of detection of radiation induced damage. One should not overlook
individual differences in sensitivity to radiation and in repair and recovery ability.
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That is why the pre-employment analysis for every subject who is going to start
work in controlled area should be also necessary.
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ABSTRACT
Chromosomal aberrations are fairly reliable indicators of damage induced by

ionising radiation. This study included 180 radiologists and medical radiographers
(technicians) and 90 controls who were not occupationally exposed to ionising
radiation. All exposed subjects were routinely monitored with film badge, and none
was exposed to a radiation dose exceeding the limit for occupational exposure
recommended by the International Commission on Radiological Protection (ICRP).
Two hundred metaphases for each person were scored. The frequencies of acentric
fragments, dicentrics, ring chromosomes and chromosomal exchanges were
determined and compared to those obtained in the control group. Chromosome
aberrations were analysed using Poisson regression for profession, age, sex,
smoking and years of exposure. Age, smoking, diagnostic exposure to X-rays and
occupation were found to correlate with the occurrence of acentric fragments. The
influence of exposure duration on the frequency of acentric fragments was greater
in medical radiographers than in radiologists. Smoking and sex were found to
correlate with the occurrence of dicentric chromosomes, which were more common
in men than in women. As chromosome aberrations exceeded the expected level
with respect to the absorbed dose, our findings confirm the importance of
chromosome analysis as a part of regular medical check-up of subjects
occupationally exposed to ionising radiation.
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