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Abstract: Increasing applications of microwave radiation are of great concern with regard to public 
health. Several studies have been conducted detect effects of microwave exposure genetic material 
leading to negative or questionable results. The Micronucleus (MN) assay which is proved to be a 
useful method for detection of radiation exposure-induced cytogenetic damage was used in the present 
study to investigate the genotoxic effect of microwave and toluene alone and in combination in Balb/c 
lymphocytes. The electromagnetic field with two frequencies (980, 950 MHz, 200 KHz Mod), 5 w and 
500 ppm Toluene applied for two weeks. Microwave irradiation had no significant effect on the 
frequency of micronucleus induced, but exposure of animals to toluene alone and in combination with 
microwave have significantly increased the induced micronucleus (p<0.05). Indeed combination 
exposure of microwave and toluene showed higher rates of micronucleus in comparison with toluene 
alone. This study indicated that microwave radiation cannot induce any significant cytogenetic effects 
but, in combination with toluene could show synergistic effect. 
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INTRODUCTION 

 
 Applications of microwave have been increased in 
recent years due to radars and police communication 
systems[1], high power satellite and TV transmitters, 
mobile phones, microwave ovens and medical 
devices[2]. The biological effects of this type of 
exposure on living organisms have been studied by 
different investigations[3,4]. The absorption of 
electromagnetic energy can cause biological effects in 
tissues. The Specific Absorption Rate (SAR) has been 
introduced for the assessment of absorbed energy from 
electromagnetic fields with biological systems. SAR 
measurement requires complicated technical 
procedures[5]. Several biological effects of microwave 
exposure such as effects on eyes, gonads and 
circulatory system can be thermal effects. It has shown 
that endogenous biological electrical activities of can be 
categorized as nonthermal effects of microwave 
exposure which occurs in low powers[6]. Occupational 
and non occupational exposure to low power 
microwave and its biological effects have increased in 
recent years. 
 Toluene as a chemical material have various 
industrial applications such as Benzene production, 

inks, adhesives and leather industry[7] Occupational 
exposure of 1,278000 American workers to toluene 
during 1981-1982 has been reported by NIOSH[8]. 

Vehicles and their fueling procedures are the main 
sources of toluene environmental pollution and 
therefore transportation employees are exposed to 
toluene occupationally[9] Toluene introduced as an 
alternative for Benzene but there are controversies 
about its harmful biological effects of toluene on 
lymphocytes of workers is reported[12,13]. By talking to 
accounting the probable harmful biological effects of 
microwave exposure and toluene alone and together, we 
planned this study to investigate the synergistic effects 
of two these agents. 
 

MATERIALS AND METHODS 
 
Animals: We used the micronucleus assay for 
quantification of cytotoxic effects of microwave and 
toluence on balbc lymphocytes[14]. The micronucleus 
assay was carried by lymphocyte cells of male bulb/c 
mice aged 2 months weighting 18-25g. Five equal 
populations[6] experimental groups were used in various 
conditions. There was a control group for each 
experimental group.  
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Table 1: Micronucleus in lymphocytes after microwave and toluene exposure  
Groups power [w] frequency [MHz] Exposure time Modulation Toluene MN*/1000 

   [week]  MHz ppm [mean± SD] 

1 5 950 2 - - 14.16± 1.47 
control - - - - - 11.66± 1.03 
2 5 890 2 - - 13.83± 1.47 
control - - - - - 12± 1.26 
3 5 950 2 200 - 13.5± 1.37 
control - - - - - 12± 0.89 
4 - - 2 - 500 17.66± 3.66**  
control - - - - - 11.33± 1.21 
5 5 950 2 - 500 25.5± 4.63** 
control - - - - - 11.83± 1.16 
*Frequency of Micro Nucleus (MN) expressed as number of micronucleus in binuleated cells (BN) on 1000 
**P<0.05  
 

 
 
Fig. 1: Toluene supply and microwave irradiation setup  

 

 
 

Fig. 2: Frequency of micronucleus in control groups 
 
Microwave irradiation and toluene exposure: The 
experimental setup for microwave irradiation and 
toluene exposure was shown in Fig. 1. 
 The generator, amplifier (800-950 MHz, 3-5w) and 
Arial designed and constructed in the electrical 
engineering faculty of Khaje Nasiredine toosi university 

and the animal restrainer Plexiglass cylinder [30cm 
diameter and 30 cm height] was mounted inside the 
chamber (110× 110× 110cm) with absorber material. 
The aerial and the inlet of toluene supply was mounted 
on the floor of the restrainer. Five groups of equal 
population 6, male balb/c mice were used in this study. 
All groups were irradiated by microwave and or 
exposed to toluene for two weeks and 8 hours per day 
in various condition. Group 1(950MHz, 5w RF] 2[890 
MHz, 5w RF) 3(950 MHz, 5w, with 200 KHz 
modulation), 4(no RF, 500 ppm toluene) and 5 (950 
MHz, 5w RF and 500 ppm toluene). 
 
Micronuclei in cultured lymphocytes: All animals 
were sacrificed and their splenic cells were isolated by 
injection of RPMI 1640 medium (Gibco) to their spleen 
followed by grinding true cell mesh and focal density 
gradient centrifugation (700g, 15mim), 200 µ l of each 
cell suspension was cultured at 37 °C and 5% CO2 in 
RPMI medium containing 10% fetal serum (FCS, 
Gibco) and 1.5% Phytohemagglotinin (PHA, Gibco). 
After 17.5 hours of incubation cytochalosin- B (Cyt- B, 
sigma, 6µ/ml final concentration) was added to cell 
cultures. The cells were harvested after another 24 
hours of incubation and laid slide using cytospin. The 
frequency of binucleate cells after methanol fixation 
and Gisma staining using light microscope. 
 

RESULTS 
 
 Frequency of induced micronucleus observed in 10 
groups including the control and exposed groups and 
corresponding statically analysis for each group are 
given in Table 1. 
 Mean frequency of induced micronucleus in 5 
groups were 14.16, 13.83, 13.5, 17.66 and 25.5 
respectively which with their corresponding control 
groups are shown in Fig. 2.  
 ANOVA analysis showed that the differences 
between groups of 4 and 5 and their controls were 
statistically significant, but no significant difference 
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was observed in the other three groups (groups 1, 2 and 
3). The difference between groups 5 and 6 was 
significant as well (p<0.5). 
 

DISCUSSION 
 
 Microwave telecommunication systems as an 
electromagnetic field used in our environment leading 
raised the natural electromagnetic noise by a factor of 
about 1012

 .Exposure of large groups of the population 
to this type of electromagnetic field and the probable 
biological effects on living organisms have revived 
considerable research attention[3,15,16]. Biological effects 
at a cellular and molecular level such as DNA damage, 
chromosomal aberration probable genotoxic effects.  
Microwave telecommunication systems have been 
reported by several investigations[17-20]. Toluene as a 
chemical volatile agent has been used widely in various 
industries and as an air Pollutant could exposure 
population. The cytogenetic effects of toluene have 
been reported in recent years[12,13]. 
 We considered the genotoxic effects of microwave 
and toluene alone and together by micronucleus assay. 
MN formation is correlated with the loss of either 
chromosome fragments or whole chromosomes. Due to 
their relatively small size, the microwave-induced MN 
here observed are likely hypothesized to arise via a 
clastogenic[2]. The present work indicates that exposure 
to non-ionizing radiation in the range of microwave 
with toluene is able to cause, increase of lymphocytes 
MN frequency. This finding adds further evidence in 
favor of the use of cytogenetic assays as a dosimetry 
biomarker in epidemiological studies of workers 
occupationally exposed to a combination of non -
ionizing radiation and chemical agents. The microwave 
exposure of 890, 950 MHz and power of 5w has no 
significant effect on the frequency of micronucleus 
observed. This result is in agreement with an 
investigation that used 935.2 MHz and 4.5w power 
density[21] and also agrees with other study which used 
RF frequencies of 380,900 and 1800 MHz with 
Amplitude modulation of 0.73-3.1 MHz on incidence of 
Sister Chromatid Exchange (SCE) of human 
lymphocytes[22]. We also showed that exposure to 500 
ppm toluene increased induced frequency of MN that 
agrees with investigation that reported occupational 
exposure to 40ppm toluene[23,12,24] simultaneous 
exposure of microwave and toluene has higher 
micronucleus induction in compression with microwave 
and toluene alone which is in agreement with study that 
investigated the simultaneous effects of microwave and 
mitomycin on human blood cells in vitro[2] it must be 
considered that really there are many chemical agents 

and  an electromagnetic field which is genotoxic in our 
living and working environment, hence so, the 
synergistic effects of these chemical and physical 
agents can be considered as future investigations. 
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