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ABSTRACT

A cytogenetic analysis was performed on human peripheral blood
lymphocytes exposed to 2450 MHz microwaves during 30 and 120
minutes respectively. The exposure system developed allows a
temperature control by means of a temperature probe put in the
blood sample which gives feedback to a microcomputer. In the
present study irradiation was per formed at a constant
temperature of 37°C for the whole exposure period. We found a
marked increase in the frequency of chromosomal aberrations as
well as micronuclei. On the other hand microwave irradiation did
not influence the <cell kinetics nor the sister chromatid

exchange frequency.
INTRODUCT ION

Microwaves have, like other non ionizing radiations (NIR), a lot
of industrial, medical and other applications. They are for
example widely used for communication purposes (satellite
communication, radar, radio/TV,...), therapy, cooking and a lot

domestic or industrial heating procedures. As a consequence

everybody is exposed to microwaves. Harmful (and also
beneficial) effects on the living organism are sometimes
1,2,3,4

reported but are often questionable Although there is

much evidence in favor of the non-genotoxicity of microwaves, it
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was reported in some papers that microwaves may be
mutagenic5’6’7. In order to verify this assumption we performed
an in_vitro cytogenetic analysis in human peripheral blood
lymphocytes exposed to 2450 MHz microwaves. This paper describes

some of our preliminar results.
MATERIAL AND METHODS

A freshly obtained blood sample from a 38 year old male donor
was divided into three test tubes and resp. irradiated with 2450
MHz microwaves for 30 or 120 minutes, or kept at 37°C in a warm
water bath. The exposure system used was developed to provide
two modes of operations: temperature control and electric field
contr018’9. In this study we wused the temperature controlled
mode in order to work at the constant temperature of 37°C.
Therefore a temperature microprobe was put into the blood
sample. Connected with a microcomputer it results in automatic
adjustment of the microwave output allowing to rapidly obtain
and closely maintain the prescribed temperature (37°C) within
0.05°C for the time of irradiation.

After irradijation cells were cultivated during 48 or 72 hrs
according to standard methodologies for analysis of chromosome
aberrationslo, micronucleill, cell kinetics and sister chromatid
exchanges (SCE)lO.

RESULTS

Results of this preliminar cytogenetic study are summarized in
tables 1-3. A marked increase in the frequency of chromosomal
aberrations is observed, especially after a 120 minutes
irradiation period. These aberrations comprise dicentric
chromosomes and acentric fragments that are usually found after
ionizing radiation exposure (table 1). The frequency of
micronuclei increased equally for both irradiation periods
(table 2). Differential staining of BrdU incorporated chromatids
allows analysis of the cell kinetics and SCE. Table 3 shows that
the <cell kinetics nor the SCE frequency were significantly
influenced by the microwave irradiation.
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CHROMOSOME ABERRATIONS (per 200 metaphases)
gaps breaks acentric dicentrics other number of cells
fragments +/- ac. fragm. aberr. 1 wiEh 3
aberrations
CONTROLS
2 2 1 0 0 3 1 0
30 min.
irrad. & 1 3(2) 1" 0 > 0o 0
120 min.
irrad. 7(1) 9 13(3) ¥ 3) 19 6 2

Table 1: Chromosome aberrations in 2450 MHz microwave irradiated human
lymphocytes at a constant temperature of 37°C. (1): including two
isogaps, (2): here all acentric fragments are single chromatid
fragments (but apparently no chromatid break present), (3): including
one acentric ring, (4) includes two translocations and one centromere
splicing (no particular staining was used to detect translocations;
those mentioned are only the very obvious ones due to a striking
chromosome morphology).

MICRONUCLEI (per 1000 binucleated cells)
Number of cells Total number of
with 1 micronucleus with >1 micronucleus micronuclei
CONTROL 3 1(1) 5
30 minutes irrad. 23 0 23
120 minutes irrad. 11 2(2) 17

Table 2: Number of micronuclei in cytochalasine B blocked human
lymphocytes irradiated with 2450 MHz microwaves at a constant

temperature of 37°C. (1) and (2) : resp. cells with 2 and 3
micronuclei.
CELL KINETICS (200 metaphases) SCE FREQUENCY
48 hr cultures 72 hr cultures in 50 M2 figures
% of M1 M2 M3 M1 M2 M3 (mean per cell)
CONTROL 91 9 0 14 41 45 5.88
30 min. irrad. 93 7 0 19 47 34 5.56
120 min. irrad. 88 12 0 20 40 40 7.16

Table 3: Frequency of 1lst, 2nd or 3rd metaphases and SCE frequency in
human lymphocytes irradiated at a constant temperature of 37°C with
2450 MHz microwaves and cultivated during 48 and 72 hours.
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DISCUSSION

In this study irradiation was performed at a constant
temperature of 37°C which could be obtained by adaptation of the
microwave power output. The power intensity was thus variable
but low enough as to maintain irradiation at non-thermal
conditions. In this respect it is rather surprising to observe
chromosomal aberrations. Indeed, 2450 MHz microwaves have a
wavelength of 12.2 cm in free space and a photon energy which is
much less than 12 eV. This means that even the weakest chemical
bond in DNA is not likely to be broken by the microwaves.

However, our results are in agreement with others presenting
data for other frequencies and power densities5’6’7.

The present study is only a preliminar stage in a series of
experiments aimed at better understanding the microwave effects
on biological systems, especially on the genetic material of

mammalian cells.
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