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Abstract. Background: There are few cell studies on the
direct genotoxic effects of microwave radiation. In this study,
cytogenetic effects of microwave radiation alone or in
combination with mitomycin C (MMC) were investigated.
Materials and Methods: Lymphocytes from two smoking and
four non-smoking donors were exposed for 53 hours in vitro
to 1.0 W/m2 continuous-wave radiation at 18.0 GHz or 10
W/m2 pulsed-wave at 16.5 GHz, alone or in combination
with MMC. DNA synthesis and repair were inhibited in vitro
in some cultures. Results: No synergistic effect was observed
in cells exposed to combinations of microwave radiation and
in vitro exposure to MMC, or to cells pre-exposed in vivo to
tobacco smoke. For the 16.5 GHz pulsed exposure, a nonsignificant trend consisting of an increase in aberration
frequencies with microwave radiation was shown for the
DNA synthesis and repair inhibited cultures both with and
without MMC. Conclusion: Neither 18.0 GHz continuouswave nor 16.5 GHz pulsed-wave exposure to human
lymphocytes in vitro induced statistically significant
increases in chromosomal aberration frequencies. 16.5 GHz
pulsed-wave exposure requires further documentation before
a true negative conclusion can be drawn.
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The widespread presence of radiofrequency radiation (RFR)
has for many years caused concern regarding its potential
health effects and extensive research has been conducted to
elucidate the problem. Most studies have concentrated on
exposure to low levels of RFR (1). Available experimental
evidence shows that high-frequency RFR may cause an
increase in tissue temperature and that adverse biological
effects can be caused by elevated temperature in tissue
exceeding 1.0˚C (2, 3). Reports on direct genotoxic effects
of super high-frequency RFR controlling for temperature as
assessed from incidence of cytogenetic damage in
mammalian cells are few (4). The tentative conclusion is that
in vitro RFR exposure under non-thermal conditions appears
not to induce cytogenetic damage. Mason et al. (5) studied
the effect of 94 GHz RFR exposure in an animal model of
skin carcinogenesis also testing the notion that RFR energy
might serve as a promoter or co-promoter. They did not show
any effect of RFR exposure in this system. Mobile radios,
mobile phones and microwave ovens operate at a radiating
frequency of 300 MHz to 3 GHz, radio communication links
operate at 3 to 30 GHz (6), while a Local Multipoint
Distribution System (LMDS) may operate at around 40 GHz
(7). As few studies have been performed with exposures to
ultra high RFR in vivo or in vitro, the aim of the present pilot
study was to investigate clastogenetic effects on cultured
human lymphocytes exposed to 18.0 GHz continuous-wave
and 16.5 GHz pulsed-field alone or in combination with the
known clastogen mitomycin C (MMC) to test for a possible
synergistic effect with microwave radiation. In this study,
microwave radiation exposure was applied during at least
one full cell cycle in culture to test if the cells would be
more sensitive to cytogenetic damage when grown under
continuous exposure. Most exposures in previous in vitro
studies were applied before the cells were cultured (8-10).
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Chromosomal aberrations in lymphocytes have proven to be
associated with cancer risk in humans (11-13) and are
considered informative indicators of exposure. We therefore
decided to use the same test system for this in vitro
experiment using microwave radiation.

Materials and Methods
Lymphocyte donors. In this model system, blood from two nonsmoking males (40 and 44 years old), and two non-smoking (25
and 44 years) and two smoking females (41 and 55 years) was used.
Informed consent was collected. The hospital authorities approved
the study, the research was otherwise exempted from review because
the blood was only used for in vitro studies and the results were
registered in an anonymous database. All donors were genotyped
for polymorphisms in the glutathione S-transferase (GST) genes as
polymorphisms in these detoxifying enzymes are common in the
Caucasian population (14) and therefore important to control for
(15). The polymorphisms were analyzed as described by
Nedelcheva Kristensen et al. (16). Individuals with GSTM1 null and
GSTP1 heterozygote or wild-type genotypes were chosen as donors
Cytogenetic analysis. Phytohemagglutinin-stimulated lymphocyte
cultures from heparinized whole blood were used according to
methods described elsewhere (17) using RPMI medium (1640;
BioWhittaker Cambrex, Verviers, Belgium). Before the experiments
were initiated, cultures with different concentrations of MMC
(Sigma-Aldrich, Oslo, Norway) were performed and harvested at
different time intervals. After 48 hours of incubation, very few cells
were in mitosis. For the experiments, Colcemid™ (Sigma-Aldrich)
(0.3 μg /ml) was added three hours before harvesting at 53 hours.
Previous experiences in handling blood from adults have suggested
a similar delay in first cell division in our assay system. The slides
were stained with Giemsa according to conventional methods. All
aberrations were scored blind on coded slides by three
microscopists. For the series with 18.0 GHz exposure 200 cells per
culture were scored; for the series with 16.6 GHz exposure, 100
cells per culture were scored while 50 cells per culture were scored
for the inhibited cultures. The same microscopist scored both the
exposed and control cultures from the same series. The scoring
criteria used were as described by Brøgger et al. (18) and Savage
(19) and harmonized among the scorers. The aberrations were
grouped as number of cells with aberrations (CA), cells with
aberrations and gaps (CAG), chromosome type aberrations (CSA),
chromosome breaks (CSB), chromatid type aberrations (CTA),
chromatid breaks (CTB), and chromosome and chromatid gaps
(CSG and CTG).
Study design. Positive and negative control cultures were included in
each experimental series. Half of the cultures were exposed to
microwave radiation during the 53 hours in culture. MMC (100 ng/ml)
was added after 30 hours to half of the cultures with and without
microwave radiation. Each experimental series included cultures from
two blood donors (either two females or two males). For the 18.0 GHz
exposure experiments, eight cultures in all were exposed two with and
two without MMC, and two with and two without MMC were controls
using 10 ml of medium per EasYFlasks™ Nunclon™ flask (Nunc
A/S, Roskilde, Denmark) (25 cm2 culture area). For the 16.5 GHz
exposure experiments, 16 cultures were set up in TubeNunclon™
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(Nunc A/S) (5.5 cm2 culture area) with 3 ml of medium. The two
cultures for each treatment regime for the 18 GHz exposure were
replaced with four cultures of 3 ml of medium in culture tubes,
otherwise the series were identical. For the experiments with 16.5 GHz
microwave radiation, chromosomal aberrations were also scored in
cells where DNA synthesis and repair were inhibited in vitro with
hydroxyurea (Sigma-Aldrich) and caffeine (Sigma-Aldrich) both
added at a concentration of 7.5×10–2 M together with Colcemid™
three hours before harvesting (20, 21).
Exposure. The experiment was performed in a large anechoic
chamber (5×4×4 m) which was temperature stabilized at 37˚C
(details below). The instrumental setup is detailed in Figure 1 and
illustrated in Figure 2. The exposed and the control samples were
initially kept in the same room, but well separated with microwave
radiation at the control samples approximately 40 dB below that of
the exposed samples.
One scenario of microwave exposure was at 18.0 GHz with
1 W/m2 incident continuous wave. We also wanted to use pulsed
exposure. Initially, it proved difficult to construct an 18.0 GHz
pulsed-field exposure set-up with the instruments available, and
16.5 GHz was chosen. The pulsed exposure was therefore at 16.5
GHz, 10 W/m2 incident pulsed-wave (1 kHz pulse frequency, 50%
duty cycle). Time-averaged values are given. The cells were
exposed to microwave radiation through two rectangular horn
antennas placed underneath the samples. The antennas were
separated to ensure negligible overlap between the two exposure
areas. The antennas were directed upwards and placed
approximately 1.2 m below the cultures. The exposed area (slightly
more than 30 cm in diameter) was constructed to cover only the
number of exposed cultures. The culture flasks were placed
horizontally on a 5 mm-thick cardboard. The samples were oriented
so that the magnetic field was along the long side of the flask or
tubes, the electric field horizontally and perpendicular to this
direction.
The exposure level was determined with a Wandel & Goltermann
EMR 300 instrument with a Type 9C probe (Odd Tvedt, Bergen,
Norway). For the continuous wave, the electric field was adjusted to
19 V/m rms just outside the growth medium containing the cells. This
corresponds to 1.0 W/m2 for a far field situation, which we expect is
valid for our geometry. The intensity varied by 1.5 dB across the area
where the samples were placed, with the highest intensity in the
middle. To compensate for the fact that exposure is somewhat
unevenly distributed within the flask and to some degree depends on
the position of the flasks within the exposed area, the cultures were
stirred and replaced randomly in the exposed area three times during
the culturing period. The cells were placed in EasY Flasks Nunclon™
culture flasks with 25 cm2 culture area (6 cm wide), or flat-bottomed
TubeNunclon™ culture tubes with 5.5 cm2 culture area (1.6 cm wide).
We used 10 ml cell suspension for the former and 3 ml for the latter.
The thickness/height of the medium was 4 mm in the flat-bottomed
flasks and ranged from 2 to 9 mm in the tubes. The flasks/tubes were
positioned relatively close to each other as indicated in Figure 2.
The level of exposure chosen corresponds roughly to the safety
limit recommended by ICNIRP (2). However, safety limits are
based on induced currents in a human body, and the difference in
geometry and material properties makes it difficult to compare
exposures in an in vitro experiment with one in the human body.
This problem can be investigated by detailed finite difference
method calculations. Since our aim is not to discuss safety
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Figure 1. Block diagram for the experimental setup for the continuous wave experiment. Two horn antennas fed through a splitter. They were
positioned far enough from each other to form two separate exposure areas. For the pulsed wave the setup was similar. The temperature regulation
setup is not included in the drawing. The incident power density was measured with a Wandel & Goltermann EMR300 instrument with a type 9C
probe. The probe was used to map the exposure level across the full area where the samples were placed. It was removed during exposure. The
control samples are not included in this drawing.

guidelines, but rather to perform a pilot study to see if we could find
interesting effects that could be followed up more closely in further
studier, we have not carried out such detailed theoretical
calculations. We have given enough information about the
experimental setup so that it is possible for others to complete the
finite difference calculations.
The anechoic chamber was initially temperature stabilized to
37.0±0.4˚C, and the temperature of the samples was determined by
regulation of room temperature only. The temperature was measured
and recorded continuously with two thermocouples interfaced to an
INTAB data logger AAC-2 (Intab Interface-teknik AB, Sternkullen,
Sweden). The temperature regulation led to a temperature
oscillation in the samples of approximately ±0.25˚C. The absolute
precision of the temperature registration was lower than 0.5˚C, and
the resolution in the recording was 0.1˚C. Each probe was placed in
an additional culture flask with comparable amount of water as the
samples, and placed near the exposed and the control areas. The
temperature recordings in the control samples as well as in the
continuous wave exposed samples were 37.0±0.3˚C throughout the
culture period (standard deviation given represents the fluctuation
of the temperature only). However, sporadic measurements in the
16.5 GHz pulsed exposed samples revealed that the mean
temperature there was 38.0±0.4˚C. The temperature in the anechoic
chamber was then reduced to 36.0±0.3˚C and the control cultures
were moved to an incubator at 37.0±0.2˚C for the remaining series
of experiments.
Experiments with blood from the female smokers were then
repeated with a chamber temperature at 36.0±0.3˚C. Exposed
cultures from the male donors were set up only at 36.0±0.3˚C.
Results from both temperature series are presented, but kept

Figure 2. The culture flasks/tubes were placed relative close to each
other. This figure, in combination with the text, provides sufficient
information if one wants to investigate the field pattern inside the
samples, using finite difference methods or a similar numerical
techniques. The diameter of the outer circle is slightly more than 30 cm.
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Table I. Aberrations recorded for cultures exposed to 18.0 GHz,
1.0 W/m2 continuous microwave radiation. Mean frequencies per 100
cells (standard deviation in brackets) are given for non-smoking male
(M) and female (F) blood donors.
Variable

Without mitomycin C
Control
RFR
Control
RFR
With mitomycin C
Control
RFR
Control
RFR

N/
Gender

CA

2
2
2
2

F
F
M
M

0.88
0.38
1.25
1.00

(0.25)*
(0.25)
(1.85)
(1.08)

2
2
2
2

F
9.13 (2.56)
F 11.50 (3.29)
M 7.88 (1.89)
M 7.38 (2.50)

CSA

CTA

0.75
0.25
1.25
0.63

(0.65)
(0.50)
(2.50)
(0.63)

0.25
0.25
0.75
0.50

(0.50)
(0.29)
(1.19)
(0.71)

1.50
2.13
1.13
2.00

(1.08) 10.63 (3.54)
(1.31) 13.38 (4.33)
(1.03) 9.88 (2.25)
(0.71) 7.75 (2.73)

CA, Number of cells with aberrations; CSA, chromosome type
aberrations; CTA, chromatid type aberrations. *p<0.05, Mann-Whitney
non-parametric test. Number of cells=800.

separate, to show that an increase of 1.0˚C in culture temperature
gave little variation in the aberration frequencies.
The heating elements and fans circulating the air in the room
generated a background magnetic field (50 Hz) of 0.04 μT at the
position of the cells. This magnetic field was determined with a
Wandel & Goltermann EMR 300 instrument with an EFA-3 probe.
The calculated depth of penetration (skin depth) in the vertical
direction for the frequency used in this study was approximately
3 mm in the culture medium.
Statistical analysis. For statistical comparisons of the mean values
of the cytogenetic parameters, the Mann-Whitney non-parametric
test was performed. The Kruskal-Wallis test was performed to test
for possible differences between the control cultures for each
individual. A probability level of 0.05, two-tailed, was used to
indicate statistical significance. SPSS 12.0 for windows (SPSS,
Chicago, USA) was used for the statistical analyses.

Results
The results for the blood cultures exposed to 18.0 GHz
continuous-wave microwave radiation are presented in Table
I for the non-smoking males and females separately for CA,
CSA and CTA. The other cytogenetic parameters studied
(CAG, CSB, CTB, CSG and CTG) showed similar results
and are not presented in any of the series. No statistically
significant differences between control and exposed cultures
were observed for any of the experimental series except for
a statistically significant protective effect of exposure to
cultures from the female donors for CA.
Exposure to pulsed 16.5 GHz microwave radiation resulted
in an increase in temperature to a mean of 38.0˚C for cultures
from both female smokers and non-smokers. Experiments
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adjusting the temperature to 37.0˚C were performed with
blood from the two smoking females and for the two male
donors. Results from both temperature series are reported. For
the uninhibited cultures with and without MMC (Table II),
there was no statistical significant increase in the mean
frequencies of CA, CSA or CTA in exposed cultures as
compared to controls for any of the blood donors, except for
two or three of the twelve aberration frequencies reported for
cultures grown at 38.0˚C from smoking female donors. The
control cultures for female smokers were kept at 37.0˚C for
both temperature series. A non-significant variation in the
chromosomal aberration frequencies was observed between
the control cultures in the two experiments with a statistical
significant difference only for CA for the cultures with MMC
(mean frequency per 100 cell: 14.50 vs. 7.00).
The significant difference in CSA levels between control
and exposed cultures grown at 38.0˚C without MMC should
be interpreted with caution. The control value of 0.00 in this
series was the only occasion where no aberration was
observed.
For the cultures where DNA synthesis and repair were
inhibited, an increase in all aberration frequencies was found
as expected. The increase in culture temperature did not seem
to have an effect on the chromosomal aberration frequencies
(Table III). No statistically significant differences between
control and exposed cultures were found for any of the cultures
with and without MMC, except for a significant increase in CA
in exposed cultures without MMC from male and in CSA in
cultures at 37.0˚C from smoking female blood donors.
However, a non-significant increased trend in aberration
frequencies with exposure to microwave radiation could be
seen for cultures both with and without MMC. MMC was used
as a positive control in all experiments. There was a significant
increase in all chromosomal aberration frequencies for the
MMC positive cultures compared to the cultures without MMC
(Tables I, II and III) except for three CSA frequencies.

Discussion
Very few mitoses were observed before and at 48 hour in
culture. Fifty-three hours in culture was judged to give
enough mitoses for scoring an appropriate number. As so few
mitoses were observed in the early cultures, most of the cells
collected in mitosis from 50 to 53 hours were predicted to
be in the first cell division. Even if a few cells should be in
the second cell division, the cells were continuously exposed
and aberrations could also be expected to occur during the
second cell division. Exact cell proliferation measurements
were not performed and cell proliferation studies on human
lymphocytes exposed to microwave radiation have to our
knowledge not been published. However, studies on low
electromagnetic field exposure have indicated both no effect
(22-24), and an increase in cell proliferation (25).
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Table II. Aberrations recorded for the cultures exposed to 16.5 GHz, 10 W/m2 pulsed microwave radiation. Mean frequencies per 100 cells (standard
deviation in brackets) are given for non-smoking male (M) and female (F) and smoking female (FS) blood donors. Mean culture temperature is
indicated.
Variable

N/Gender

Without mitomycin C
Control
RFR
Control
RFR
Control
RFR
Control
RFR
With mitomycin C
Control
RFR
Control
RFR
Control
RFR
Control
RFR

Temp.

2
2
2
2
2
2
2
2

F
F
FS
FS
FS
FS
M
M

37˚C
38˚C
37˚C
38˚C
37˚C
37˚C
37˚C
37˚C

2
2
2
2
2
2
2
2

F+
F
FS
FS
FS
FS
M
M

37˚C
38˚C
37˚C
38˚C
37˚C
37˚C
37˚C
37˚C

CA

0.88
1.38
0.38
2.00
0.75
1.25
1.00
1.13

CSA

(0.83)
(1.30)
(0.74)
(1.77)*
(1.04)
(1.39)
(1.31)
(0.64)

9.00 (3.95)
10.38 (3.25)
14.50 (3.16)
18.00 (5.29)
7.00 (1.93)
7.63 (2.67)
4.88 (1.55)
5.00 (3.59)

0.50
0.75
0.00
1.50
0.63
2.13
0.63
1.13

(0.76)
(0.89)
(0.00)
(1.77)(*)
(1.06)
(1.96)
(1.06)
(1.36)

2.00
2.88
3.00
5.63
1.75
1.63
1.13
0.38

(2.61)
(1.73)
(2.07)
(3.02)*
(1.16)
(1.69)
(0.83)
(0.52)

CTA

0.63
0.88
0.38
1.13
0.38
0.38
0.38
0.63

(0.74)
(0.99)
(0.74)
(1.81)
(0.74)
(0.74)
(0.52)
(0.92)

11.50 (3.08)
11.50 (5.76)
16.63 (3.96)
17.88 (7.20)
7.00 (1.77)
7.63 (2.83)
5.13 (2.64)
6.38 (6.12)

*p≤0.05, Mann-Whitney non-parametric test. Number of cells=800, except + 600.

Table III. Aberrations recorded for inhibited cultures exposed to 16.5 GHz, 10 W/m2 pulsed microwave radiation. Mean frequencies per 100 cells
(standard deviation in brackets) for cultures from non-smoking male (M) and female (F) and smoking female (FS) blood donors. Mean culture
temperature is indicated.
Variable
Without mitomycin C
Control
RF R
Control
RF R
Control
RFR
Control
RFR
With mitomycin C
Control
RFR
Control
RFR
Control
RFR
Control
RFR

N/Gender

Temp.

No. of cells

CA

2
2
2
2
2
2
2
2

F
F
FS
FS
FS
FS
M
M

37˚C
38˚C
37˚C
38˚C
37˚C
37˚C
37˚C
37˚C

450
480
400
400
350
400
340
300

3.6 (1.8)
5.3 (5.8)
9.8 (5.2)
9.3 (3.7)
8.9 (5.6)
11.0 (3.7)
4.9 (2.5)
11.0 (2.1)*

2
2
2
2
2
2
2
2

F
F
FS
FS
FS
FS
M
M

37˚C
38˚C
37˚C
38˚C
37˚C
37˚C
37˚C
37˚C

600
792
400
400
400
400
350
300

27.0
31.4
49.0
52.0
43.0
51.3
55.7
58.3

(6.7)
(8.4)
(8.5)
(4.7)
(6.1)
(15.3)
(9.1)
(13.2)

CSA

CTA

2.0
2.6
3.3
4.8
1.4
4.3
3.6
4.3

(1.2)
(2.4)
(3.0)
(4.1)
(1.5)
(2.9)*
(1.6)
(4.6)

3.2 (3.9)
5.1 (5.8)
8.3 (5.5)
9.0 (2.8)
9.1 (6.6)
12.0 (5.5)
4.0 (2.8)
11.3 (6.8)

20.7
39.3
31.3
32.5
24.5
32.5
16.3
22.0

(13.5)
(27.7)
(12.8)
(15.0)
(7.1)
(22.0)
(16.9)
(9.0)

47.8
58.9
87.5
89.5
61.5
83.5
60.3
81.3

(14.7)
(25.7)
(21.2)
(19.4)
(14.5)
(32.1)
(20.1)
(25.7)

*p<0.05, Mann-Whitney non-parametric test.

Regarding exposure, the distribution of the induced
microwave radiation in in vitro experiments are dependent
upon many physical factors such as frequency, polarization, the
size and form of the culture flask, the amount of medium and
the height of the medium within the flask, in addition to the

position of the flasks in the exposed area. The variation in the
exposure of the cells within the culture would be less in tubes
compared to flasks if the electric field was oriented across the
length of the tube (26, 27). This orientation of the field was
applied in the present experiments when using culture flasks in
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the 18.0 GHz or culture tubes in the 16.5 GHz pulsed-field
exposure experiments. We found, however, a temperature
increase in the 16.5 GHz pulsed cultures compared to the
continuous exposure to 18.0 GHz, and the temperature in the
anechoic chamber was reduced to 36.0±0.3˚C to keep the
culture temperature at approximately 37.0˚C to control for a
possible thermal effect. The penetration of the radiation for
frequencies above 10 GHz is low (2, 5), but will reach the
monolayer cells with irradiation from beneath. The positions
of the flasks/tubes in the exposed area were changed
randomly to ensure as even exposure as possible.
Tobacco smoke was chosen as an in vivo exposure to
carcinogens in addition to exposing the lymphocytes in vitro
for MMC in order to test if microwave radiation increases
susceptibility to chromosomal damage. Most published
reports do not support the hypothesis that RFR radiation
results in direct genotoxic effects such as chromosomal
aberrations, micronuclei, DNA strand breaks or mutations
(28-30). Many studies have tested the possibility of RFR
having a promotion effect with differing results (9, 31-35). A
wide variation in RFR exposure parameters such as
frequency, modulation, polarization and pulsed contra
continuous emission, the length of exposure, the difference
in test material and whether the cells are exposed before
culturing or at short intervals (2–24 hours) during the initial
culturing could potentially influence the results. Most studies
have tried to mimic possible human exposure situations. One
phase of the cell’s life cycle could, however, potentially be
more susceptible to damage than another phase. The present
study addressed this question by applying exposure during
all 53 hours in culture (the whole experiment). No increase
in aberration frequencies could be documented with this
exposure regime either for 18.0 GHz continuous or 16.5 GHz
pulse-wave microwave radiation. Only one study on the
effect of 94 GHz RFR in an animal model of skin
carcinogenesis is reported (5). They concluded that exposure
to 94 GHz RFR applied once or twice a week for 12 weeks
did not promote or co-promote the effect of DMBA-induced
papilloma development in their model.
Most reports concern effects of RFR exposure up to 2.4
GHz. Kerbacher et al. (32) reported no effect on chromosome
aberrations from increases in temperature during 2.45 GHz
pulsed-wave exposure, while Takashima et al. (22) reported a
drastic increase in temperature using intermittent RFR field
exposure to 2.45 GHz with specific absorption rate (SAR) of
50 W/kg for 2 hours causing cell proliferation disorder. They
suggested that the adverse effect was caused by an increase
in temperature and not by the RFR field itself. Continuouswave exposure to human cells in vitro to 2.14 GHz (36) or
2.3 GHz (Hansteen et al. in preparation) did not induce an
increase in chromosomal aberrations compared to controls,
while pulsed-wave microwave radiation exposure may be
slightly more detrimental to the cells.
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Taking the above arguments into consideration some
conclusions may be drawn from the present study. Firstly,
exposure throughout the whole experiment to 18.0 GHz
continuous-wave microwave radiation (1.0 W/m2) did not
lead to a noticeable temperature increase or increase in
aberration frequencies, while 16.5 GHz pulsed exposure
(1 kHz pulse frequency, 50% duty cycle, 10 W/m2 average
mean value) increased the mean temperature by
approximately 1.0˚C. Of the total of 24 aberration
frequencies scored in the conventional and inhibited cultures
grown at 38.0˚C with and without MMC (Tables II and III),
only three frequencies (Table II) showed a statistically
significant increase with microwave radiation exposure
compared to controls, indicating that the temperature
increase of 1.0˚C was of minor importance.
Secondly, for the conventional cultures, exposure to 18.0
GHz continuous-wave or 16.5 GHz pulsed-wave microwave
radiation did not affect the chromosomal aberration
frequencies in the lymphocytes from the smoking or nonsmoking donors, and thus failed to show an effect of
microwave radiation on cells exposed to tobacco smoke in
vivo. Additional exposure to MMC in vitro served as a
positive control, but no further increase in chromosomal
aberrations was observed in combination with 18.0 GHz
continuous or 16.5 GHz microwave radiation pulsed
exposure controlling for temperature. Thus the MMC
exposure combined with microwave radiation did not seem
to increase the cells’ susceptibility to chromosomal damage.
Thirdly, inhibition of DNA synthesis and repair increased
the frequencies of all the different chromosomal parameters,
the hypothesis being that an increase in the number of
aberrations would give more robust measurements and be a
more sensitive method for picking up differences. A nonsignificant trend for increasing aberration frequencies with
microwave radiation was shown for the cultures with and
without MMC, reaching statistical significance only for CSA
for smoking females and for CA for the males in cultures
without MMC grown at 37.0˚C.
Finally, with so many parameters tested, there will be a
few significant differences due to chance only. Furthermore,
unpredictable biological effects in vivo or in vitro are difficult
to fully control for, as shown by the variation in frequencies
in control cultures for the same individual.
In summary, neither 18.0 GHz continuous-wave nor 16.5
GHz pulsed-wave exposure of human lymphocytes during 53
hours in vitro, with or without MMC, induced a convincing
statistically significant increase in chromosomal aberration
frequencies measured as CA, CSA, CTA, CSB, CTB, CSG
or CTG. However, the non-significant trend with increased
frequencies of chromosomal damage in the 16.5 GHz pulsedwave exposed DNA synthesis and repair inhibited cultures
requires further documentation before a true negative
conclusion can be drawn.
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