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The study included 75 subjects exposed to low doses of external ionizing radiation and 25
subjects from the control group, all male. The first group (A) consisted of 25 subjects em-
ployed in the production of technetium, with an average job experience of 15 years. The sec-
ond group (B) consisted of 25 subjects exposed to ionizing radiation from enclosed sources,
working in jobs involving the control of X-ray devices and americium smoke detectors, their
average work experience being 18.5 years. The third group (C) consisted of 25 subjects in-
volved in the decontamination of the terrain at Borovac from radioactive rounds with de-
pleted uranium left over after the NATO bombing of Serbia in 1999, their average job experi-
ence being 18.5 years. The control group (K) consisted of 25 subjects who have not been in
contact with sources of ionizing radiation and who hold administrative positions.
Frequencies of chromosome aberrations were determined in lymphocytes of peripheral blood
and compared to the control group. The average annual absorbed dose determined by
thermoluminescent dosimeters for all three groups did not exceed 2 mSv. In the present study,
the largest number of observed changes are acentric fragments and chromosome breaks. The
highest occupational risk appears to involve subjects working in manufacturing of the radio-
isotope technetium.
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INTRODUCTION

Most sensitive to radiation is the biological
macromolecule — DNA. The most frequent lesions
caused by radiation are DNA chain breaks. Breaks
may be found in a single-chain or in both chains simul-
taneously. Damages of single bases also happen, as
well as irregular crossings of facing chains of DNA or
DNA and proteins. Lesions generated in this way can
hardly be completely corrected via reparative enzyme
systems. Most frequently, they are repaired inade-
quately, producing new errors in the DNA duplication
process, leading to the appearance of various chromo-
some forms that normally do not exist in the human
kariotype. These forms are observable in the
metaphase of the cell cycle and are called chromosome
aberrations [1].

* Corresponding author; e-mail: jelena.m.tisma@gmail.com

Chromosome aberrations can be numerical
(changes in the chromosome count) and structural
(changes in chromosome structure). Structural chro-
mosome aberrations can be classified as unstable or
stable. Unstable chromosome aberrations are indica-
tors of recent irradiation. They manifest themselves as
dicentric, ring, and polycentric chromosomes. A char-
acteristic they all share is the existence of an acentric
fragment which disappears from the cell’s genetic ma-
terial during cell division, due to the lack of a
centromere. With each subsequent division, the num-
ber of cells that carry unstable chromosome aberra-
tions in their kariotype is decreased to one half, creat-
ing an impression that aberrations also disappear [2].
An aberrant cell can live through ten divisions at the
most.

According to the International Atomic Energy
Agency, structural chromosome aberrations include
chromosome and chromatid abnormalities [3]. If ion-
izing radiation acts in the G1 phase, before the genetic
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material is doubled, chromosome aberrations occur. If
ionizing radiation acts in the S phase of the cell cycle
when the genetic material is doubled, chromatid
aberrations occur.

The objective of the present work was to deter-
mine differences in frequencies of structural chromo-
somal aberrations with respect to the type of the
source, i. e. type of radioactive emission [4].

MATERIAL AND METHODS

The study included 75 subjects exposed to ioniz-
ing radiation and 25 subjects from the control group,
all male.

The first group (A) consisted of 25 subjects, av-
erage age 40, working in the production of technetium.
Technetium is obtained from molybdenum generators,
by passing the physiological solution (0.9% NaCl)
through a column. The length of work-related expo-
sure varied between 3 and 30 years. The average job
experience was 15 years. Protective gloves were used
as a personal protection measure.

The second group (B) consisted of 25 subjects,
average age 43, exposed to ionizing radiation from en-
closed sources, working in the control of X-ray de-
vices and americium smoke detectors. Their work-re-
lated exposure varied from 2 to 34 years. The average
length of employment was 18.5 years. In this group, no
personal protection accessories were used.

The third group (C) consisted of 25 subjects, av-
erage age 43, working on the decontamination of the
terrain at Borovac from radioactive rounds with de-
pleted uranium left over after the NATO bombing of
Serbia in 1999. These workers mechanically removed
the surface layer of soil to a depth of 50 cm. During this
procedure, they occasionally encountered parts of de-
pleted uranium rounds. Decontamination is an ex-
traordinary procedure organized in accordance with
the law and the individuals involved need to be edu-
cated for the task and under constant health control
measures. In this case, they were selected from a group
of individuals who were otherwise professionally ex-
posed to ionizing radiation from enclosed sources in
their everyday jobs. Their work-related exposure var-
ied from 2 to 34 years. Their average length of work
experience was 18.5 years. During the decontamina-
tion procedure itself, the exposure lasted 30 to 120
days. Protective clothing, gloves, and respirators were
used as personal protection means.

Control group (K) consisted of 25 subjects, aver-
age age 42, who have not been in contact with sources
of ionizing radiation, holding administrative posi-
tions.

Data for the said groups of subjects were obtained
from the respective logs of their periodical medical
check-ups in 2005. A modified Morhaed’s method was
used for the chromosome aberration analysis. Perma-

nent samples were created, Gimza-dyed, and analysed
under the microscope. The analysis included at least
200 lymphocytes in the first in vitro division. At least
once a year, the contamination of the work premises
was checked by a GM-counter and, indirectly, by
swipes of the work surfaces. A work surface of 10 cm x
x 10 cm was swiped by filter paper which was then
measured for radioactivity by a calibrated GM-counter.
When activity was found, the radionuclide was identi-
fied by a multichannel analyser. Each work surface con-
taminated above 4-10° Bq/m® was treated as an acci-
dent.

For personal protection, the workers carried
thermoluminescent dosimeters (TLD) attached to the
pockets of their laboratory gowns. Readings of ab-
sorbed doses from personal dosimeters were done
once in three months. The average annual absorbed
dose for all three groups did not exceed 2 mSv.

The results were statistically processed by Stu-
dent’s t-test (software Statistica 5.5 for Windows 98)
and a Chi-square test (y%) with contingency tables 2 x 3.

RESULTS AND DISCUSSION

Chromosome aberrations in the lymphocytes of
peripheral blood in subjects from all groups (A, B, C,
and K) are given in fig. 1.

A B C K

|:| Excess acentrics per cell

. Exchanges per cell

|:| Number of cells with aberrations

Figure 1. Chromosome aberrations in lymphocytes of
peripheral blood in subjects from all groups (A—subjects
working in technetium production; B — subjects exposed
to ionizing radiation from enclosed sources, employed in
the control of X-ray devices and americium smoke detec-
tors; C —subjects involved in the decontamination of the
terrain at Borovac from radioactive rounds with de-
pleted uranium left over after the NATO bombing of Ser-
bia in 1999; K — subjects who have not been in contact
with sources of ionizing radiation and who hold adminis-
trative positions)
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By comparing structural chromosomal aberra-
tions in groups under study, as presented in tab. 1, sta-
tistically significant increases of the number of struc-
tural chromosomal aberrations were found in group A
(the group that works in the production of technetium),
as compared to control group K. In order to confirm
this, a y? test was applied (2 x 3 contingency tables),
being an analytical method for the evaluation of signif-
icant differences of non-parametric values.

Table 1. Comparative ratio of group A with group K

Group 0" 1™ 2" Total
A 16 6 3 25
K 24 1 0 25
P 40 7 3 50

— without chromosome aberrations
— with acentric fragments

o
— with chromosome breaks

*x

o

Table 2 shows the empirical value of the
Chi-square test (32 = 8.16) for the degrees of freedom
DF =2 and the probability of risk 0.05, which is higher
than the theoretical value. It can, thus, be concluded
that the frequency of structural chromosomal aberra-
tions is statistically significantly higher in group A,
with respect to control group K (p < 0.05).

Table 2. Empirical values of the Chi-square test (y*=8.16)

£ £ f—f (=1 | =
16 20 —4 16 0.80
6 3.5 2.5 6.25 1.78
3 1.5 1.5 225 1.50
14 20 4 16 0.80
1 3.5 25 6.25 1.78
0 1.5 -15 225 1.50
by 8.16

. .
— f means theoretical frequence
- o
— f' means empirical frequence

In the present study, the highest number of struc-
tural chromosomal aberrations involves acentric frag-
ments and chromosome breaks [5]: the type of aberra-
tions that are called unstable structural chromosome
aberrations, those that disappear during cell division.
Upon exposure to low doses, there is no difference in
disease risk. However, 5% to 10% of the population
are naturally radiosensitive, and all radiation doses
above natural levels may result in biological damage.
Exposure to low doses lasting more than 3 years may
result in cumulative biological aberrations and dam-
age of DNA [6].

Ithas been documented that exposure to ionizing
radiation (X-rays) may cause chromosomal damage of
cells [7]. Structural chromosome aberrations,
dicentric and acentric, are induced by ionizing radia-
tion and represent a result of enzyme mechanisms of

repair in the cell’s nucleus, followed by chromosome
damage [8]. In cases of exposure to low and very low
doses of X-rays, the damage which does not correlate
with the doses in question is the result of a cumulative
effect, while the probability of DNA lesions increases
with the duration of exposure time [9].

In subjects exposed to low doses of radiation
(external exposure) of alpha, beta, and gamma rays
that cover a period lasting between 7 and 34 years,
higher frequencies of dicentric and acentric chromo-
somes were found than in the control group [10].

The decontamination of the terrain from de-
pleted uranium did not contribute to the relative radia-
tion risk. The frequency of the damaged biological
material was 0.12%, i. e. 12 in 10,000 or, 1 in 1,000
workers. The highest risk was found in workers in-
volved in the production of technetium: 0.245% i. e.
24.5 in 10,000 or 2 in 1,000 workers. Workers in the
production of isotopes also have an exposure of at
least 2 years and an average of more than 10 years of
everyday laboratory work, whereas the decontamina-
tion lasted only a few months. It has also to be said that
these procedures were carried out by trained staff, pro-
fessionals in radiological protection, wearing appro-
priate protective gear.

It is interesting that none of the groups showed
characteristic chromosome figures (forms) induced by
radiation (of the dicentric or ring type), probably be-
cause all professional subjects carried protective gear.
An acentric fragment can be considered as its dicentric
equivalent, but, it also appeared sporadically, in indi-
vidual cases only. However, one should not neglect the
appearance of complete chromosome breaks (double
break DNA), because they precede the induction of
dicentrics. Besides, such a lymphocyte is less dam-
aged for the subsequent mitosis, thus living longer and
capable of accumulating new doses in subsequent ex-
posure during which complete aberrations occur. This
is why such subjects should be monitored, especially if
the exposure continues [11, 12].
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IMPOLEHA 3IPABCTBEHOI PU3UKA IIPU PANY CA
N3BOPUMA JOHU3YJYRUX 3PAYEIHA

HcrpaxkuBameM je obyxBaheHo 75 numa npodecHoHaIHO U3T0KEHUX jOHI3YjyheM 3padewny U
25 ocoba 13 KOHTPOITHE TPYIIE; CBE CY 0COOE MYIIKOT Iosia. MicnuTanuny cy OMiin n3710KEeHN MalliM 103aMa
3pauema (crmospbHa excrnosunyja). [IpBy rpymy umHm 25 numa Koja paje Ha MOCIOBAMAa HPOU3BONH-E
TeXHelyjyma, ca MPOCEYHUM paJHUM cTaxkoMm off 15 ropmua. Hpyry rpymy umHu 25 nuna M3J0XkKeHa
joHm3yjyhem 3padery W3 3aTBOPEHHX H3BOpa, KOja paje IOCIOBE KOHTPOJE PEHAreH amapara ca
X-3pauemeM 1 jaBibaya Moxapa y KojuMa ce Hajla3l aMepHUIlrjyM, ca MPOCEYHUM PajHuM cTaxkoM of 18,5
roguHa. Tpehy rpymy umum 25 sjuma Koja €y pajgwiia Ha JeKOHTaMUHalMju TepeHa boposan of
pafiuoakTUBHE MYHHUIIHje ca ocupoMalieHuM ypaHujymom octane ot HATO 6ombaproBama 1999. ronune,
ca MPOCEYHUM pajiHuM cTaxkoMm of 18,5 roguaa. KoHTpoHy rpyny unHu 25 J1iia Koja HUCY Y KOHTaKTy ca
n3BOpUMa jOHM3yjyhmx 3pauewma W Koja paje (puHAHCH]CKO-€eKOHOMCKe mocnoBe. VcnuTuBaHa je
y4ecTallocT XpOMO30MCKUX abepanyja y aumponutruma nepudepHe KpBu U ynopebusana y ofHOCy Ha
KOHTpOJIHY Ipymny. [Ipoceyna roguiiimba anicopboBaHa 03a MEpeHa TEPMOJTYMUHUCLEHTHUM T03UMETpUMa
3a CBe TpH Tpyle HUja mpeiasuia 2 mSv. Y oBoM pajy Hajsehu O6poj HabeHMX mpomeHa cy Tuma
alEHTPUYHUX (PparMEHTa U XPOMO30OMKHUX IIPEKUA.

Hajsehu npodecnonanuu pu3uk nMmajy UCOUTAHULM KOjU pajie Y NIPOU3BOALY Pauon30Tona
TeXHelHujyMa.

Kmwyune peuu: xpomosomcke abepayuje, jonuayjyhe apauerse, Xymanu aumgoyuitiu, iipogecuoHaina
excio3uyuja



