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INTRODUCTION
In recent years there has been growing interest in the health effects of

the electromagnetic radiation's designated extremely low frequency (ELF)
and radiofrequency radiation (RFR). Available data on cytogenetic
consequences of microwave exposure on the induction of chromosome
damage are contradictory, mostly because of different experimental
conditions of in vitro and in vivo studies. It has been suggested that
exposure to radiofrequency radiation may have genetic effects, which
predispose to the development of cancer or birth defects [1-2].

For the detection of early biological effects of DNA-damaging agents,
well-established cytogenetic biomarkers are used [3]. Comet assay was also
sucesfully introduced detection of primary DNA damage [4] and
micronucleus assay for simultaneous detection of chromosome damage and
spindle disfunction. The chromatid breakage assay, allowing selection of
persons with a defect in DNA repair, is also an additional marker in human
biomonitoring. Susceptibility to bleomycin-induced chromatid breaks in
cultured peripheral blood lymphocytes may reflect the way a person deals
with carcinogenic challenges [5].

The objective of the present study the assessment of primary DNA
damage, chromosome and spindle disfunctions as well as the mutagen
sensitivity in peripheral blood leukocytes in radar-facility workers daily
exposed to microwave radiation and corresponding control. As sensitive
biomarkers three endpoints were chosen: the alkaline comet assay,
micronucleus assay and chromatid breakage assay (bleomycin sensitivity
test).
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SUBJECTS AND METHODS
The study was carried out on 10 clinically healthy male workers,

employed on radar equipment and antenna system service and 10
corresponding controls. Exposed subjects worked within a microwave field
of 10 ^iW/cm2 - 20 mW/cm2 with frequency range of 1250-1350 MHz.
Their average age was 50.1 yr (range 45 - 56 yrs) and mean employment
duration 24.3 yrs (range 7-29 yrs). All subjects were questioned concerning
their medical history, family history on cancer, lifestyle, occupational and
extraoccupational exposure to potential mutagenic hazards. Samples of
peripheral blood were collected by venipuncture into heparinized tubes. The
comet assay was carried out under alkaline conditions, basically as
described by Singh et al. [4]. A total of 100 randomly captured comets per
sample were examined using an epifluorescent microscope connected to an
image analysis system (Comet Assay II, Perceptive Instruments Ltd., U.K.).
To quantify the DNA damage, tail length (TL), and tail moment (TM) were
evaluated. Measured comet parameters were evaluated by using analysis of
variance and non-parametric Mann-Whitney U test. The level of statistical
significance was set at p < 0.05. The cultures for chromatid breakage assay
were set up for each subject by adding whole blood to RPMI 1640 medium
(Euclone), supplemented with 10 % fetal calf serum and antibiotics. After
the lymphocyte cultures were incubated for 3 days at 37°C, they were
incubated for 5 hours with bleomycin sulfate (30 (ig/ml; Nippon Kayaku
Co). To arrest the cells at metaphase, 0.04 u.g/ml colchicine (Sigma
Chemical Co) was added to the cultures 1 hour before harvesting. The cells
were harvested for chromosome analysis by standard procedures, and slides
were made by the conventional air-drying technique and stained with
Giemsa (Merck). 200 metaphase spreads per subject were scored blindly for
the presence of chromatid breaks. Chromatid breaks were recorded by
following previously established criteria [6]. The mean number of breaks
per cell was used as a measure for the individual susceptibility. Differences
between groups with respect to mutagen sensitivity were assessed by use of
Mann-Whitney U test. Blood samples for micronucleus assay were
cultivated in F-10 medium (Gibco) for 72 h. To prevent cytokinesis, at
44 h Cytochalasin-B (Sigma) was added. The slides for scoring micronuclei
were prepared according to modified method of Fenech and Morley [7]. For
the incidence of micronucleated lymphocytes and determination of the
frequency of micronuclei 500 binucleated cells per subject were scored. The
statistical significance of the results was determined using the y? test.
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RESULTS
Results of the alkaline comet assay have been summarized in Table 1.

Between the exposed and control groups statistically significant differences
in both comet parameters evaluated were observed (Table 1). Within
exposed group significant interindividual differences in DNA migration
pattern regarding both comet parameters were recorded (p<0.05, the
analysis of variance), with a shift to the upper level of damage compared to
control. Smoking did not significanntly influence values of both comet
parameters observed (p>0.05, Mann-Whitney U test). Within control group
significantly lower values of both comet parameters studied were recorded
(Table 1). Smoking significantly affects the levels of overall DNA damage
as expressed by means of both comet parameters measured (p<0.05, Mann-
Whitney U test).

The results of the chromatid breakage assay are summarised in Table
1. In occupationally exposed subjects chromatid breaks were found in 95-
179 cells out of 200 metaphases scored (mean value of 123 damaged
metaphases per subject). Most frequently there were 1 to 4 breaks in one
damaged metaphase, frequently 5 to 7 breaks, and less frequently 8 to 11
breaks in one damaged metaphase. The multiple aberrations (>11 breaks in
one cell) were seldom. The highest number of chromatid breaks scored per
metaphase was 30, and it was recorded in two subjects (Nos. 2 and 4). The
average number of breaks per cell (b/c) per person varied widely between
exposed subjects, from a low value of 0.88 to as high as 3.66 (Table 1). The
distribution of the b/c values recorded was shifted towards higher values
compared to control. In control subjects chromatid breaks were found in 34-
59 cells out of 200 metaphases scored (mean value of 44 damaged
metaphases per subject). Most frequently there were 1 to 2 breaks in one
damaged metaphase, frequently 3 to 4 breaks. The multiple aberrations were
seldom. The average number of b/c per person varied widely between
exposed subjects, from a low value of 0.39 to as high as 0.61 (Table 1).
The differences in b/c values recorded between smokers and nonsmokers in
both study groups were not statistically significant.

Results regarding the frequency, distribution and total number of
micronuclei (MN) for the exposed and control group are reported in Table 2.
In exposed group there were statistically significant increases in total
number of micronuclei recorded (p<0.05 using % test) compared to control.
Distribution of micronuclei per 500 binucleated cells in all exposed subjects
was also disturbed compared to control (Table 2).
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Table 1. Results of the alkaline single comet assay and chromatid
breakage assay on radar-facility workers occupationally exposed
to microwave radiation control subjects.

Subject
(smoking;
exposure)

Comet parameters
evaluated (Mean ± SE)
TL (urn) TM

Chromatid breakage assay
Cells with

breaks
Breaks / cell

Mean ± SE range
EXPOSED GROUP

1 (S; 22)
2 (S; 29)
3 (ES;28)
4 (ES;26)
5 (ES;26)
6 (N; 7)
7 (N; 26)
8 (N; 25)
9 (N; 29)
10 (N;25)

Mean
±SE

18.10 + 0.35
16.53 + 0.19
17.28 + 0.44
17.03 ±0.21
16.88 + 0.24
17.78 + 0.40
17.58 + 0.29
16.48+0.27
16.39 + 0.19
16.15+0.28

17.06 + 0.10*

15.32 ±0.33
13.86 + 0.19
14.61 +0.39
14.45 ±0.21
14.16 ±0.22
15. 15 ±0.38
14.87 ±0.28
14.13 + 0.26
13.58 ±0.19
13.62 ±0.28

14.40 + 0.09*

114
179
95

144
114
127
100
154
98

103

123

1.61 +0.17
3.66 ±0.28
0.88 ±0.11
2.27 ± 0.22
1.22 + 0.12
1.46 ±0.13
0.88 ± 0.09
2.86 + 0.24
0.97 ±0.12
1.10 + 0.11

1.69 + 0.06t

1-16
1-30
1-14
1-30
1- 8
1-11
1- 9
1-21
1-16
1-11

1-17
CONTROL GROUP

1 (S)
2 (S)
3 (S)
4 (ES)
5 (ES)
6 (N)
7 (N)
8 (N)
9 (N)
10 (N)

Mean
±SE

15.08 + 0.15
14.65 + 0.16
13.81+0.14
14.24 ±0.14
14.17+0.13
14.00 ±0.15
13. 81 ±0.15
14.07 + 0.15
14.41 ±0.14
13.76±0.12

14.20 + 0.05

12.49 + 0.16
12.12±0.16
11.37 + 0.14
11.58±0.13
11.60 + 0.13
11.72 + 0.14
11. 40 ±0.14
11.57 + 0.15
11.80 + 0.14
11.29 + 0.12

11.70 + 0.05

34
46
41
38
40
50
59
46
47
38

44

0.53 ±0.11
0.54 ±0.10
0.55 + 0.11
0.39 ± 0.07
0.54 + 0.11
0.61 ±0.11
0.54 ± 0.09
0.53 ± 0.09
0.59 ±0.12
0.40 ± 0.08

0.52 + 0.03

1-11
1-11
1-12
1- 7
1-13
1-10
1-11
1- 7
1-14
1-10

1-14
S-smoker; ES-ex-smoker; N-non-smoker; TL - tail length; TM - tail moment;
* a total of 200 metaphases per subject was scored;

T and * p<0.05 compared to control (Mann-Whitney U test).
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Table 2. Distribution and total number of micronuclei (MN) in peripheral
blood lymphocytes from microwave-exposed subjects and
corresponding controls.

Subject
smoking / exposure

Distribution of MN
0 1 2 3

Total No. of
MN / 500 cells

EXPOSED GROUP
1 (S; 22)
2 (S; 29)
3 (ES; 28)
4 (ES; 26)
5 (ES; 26)
6 (N; 7)
7 (N; 26)
8 (N; 25)
9 (N; 29)

10 (N; 25)

489
484
478
484
482
490
472
471
489
479

9
15
19
15
16
10
13
19
11
9

2
1
3
0
2
0
4
0
0
2

0
0
0
1
0
0
1
0
0
0

13
17
25
18
20
10
24
19
11
11

Mean ± SD 16.8 ± 5.4r

CONTROL GROUP
1 (S)
2 (S)
3 (S)
4 (ES)
5 (ES)
6 (N)
7 (N)
8 (N)
9 (N)
10 (N)

495
494
495
497
494
496
496
496
494
497

3
6
5
3
5
3
4
4
6
3

1
0
0
0
1
1
0
0
0
0

0
0
0
0
0
0
0
0
0
0

5
6
5
3
7
5
4
4
6
3

Mean ± SD 4.8 ± 1.3
T p<0.05 compared lo control (%' test).
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CONCLUSION
A large number of experimental and epidemiological studies have

been carried out to elucidate the possible health hazards associated with
human exposure to ELF or RF electromagnetic fields.

The results presented here indicate that the alkaline comet assay, as
reliable biomarker of exposure, can be successfully applied in study of DNA
damaging effects in microwave exposed subjects. The fact that the comet
assay is a microdosimetric technique based on the selection of individual
cells in a heterogeneous cell population on the basis of nuclear morphology
and shape of comets makes it suitable for rapid and sensitive in vivo human
biomonitoring. Enumeration of MN provides an index of chromosome loss
from the main nuclei indicating clastogenic and aneugenic impacts. On the
other hand, chromatid breakage assay (bleomycin sensitivity test) seems to
be a useful tool in predicting individual risk of cancer. All methods
employed in the present study provide powerful techniques for successful
biomonitoring of populations occupationally exposed to microwave
radiation.
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