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Abstract This study is aimed to investigation of the

effect of modulated 450 MHz microwave radiation on

the EEG inter-hemispheric asymmetry. Ten cycles of the

microwave exposure (1 min off and 1 min on) at fixed

modulation frequency were applied on two groups of

healthy volunteers. The first group of 13 subjects was

exposed to microwave radiation modulated at 14 Hz and

the second group of 15 subjects at 40 Hz frequency. The

peak specific absorption rate (SAR) average over 1 g was

0.303 W/kg. Differences in SAR between hemispheres

were up to 20 dB. Rod antenna was located from the left

side of the head. Differences of relative changes in EEG

energy between symmetric channels FP1–FP2, T3–T4,

P3–P4 and O1–O2 in exposed and sham conditions were

analysed. The results showed increase in EEG energy from

the left side caused by microwave exposure. Statistical

analysis done for the whole group of subjects didn’t reveal

significant differences in inter-hemispheres asymmetry

between exposed and sham conditions. However, statistical

analysis performed for individual subjects detected signif-

icant differences in asymmetry caused by exposure for

15–35% of individuals.
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1 Introduction

Effects of low-level modulated microwave radiation on

human brain became important due to wide use of tele-

communication equipment. A number of investigators have

reported that exposure to a low-level microwave produces

alterations in the resting or sleep electroencephalographic

(EEG) signal and/or brain behaviour (Borbely et al. 1999;

Huber et al. 2000, 2002; Krause et al. 2000a; Lass et al.

2002; Hinrikus et al. 2004; Curcio et al. 2005). Difficulties

experienced in replication of experimental findings have

caused doubts concerning these effects (Krause et al.

2000b). Despite of many investigations, the observed

effects of low-level microwave were subtle and the

underlying mechanisms remain still unknown.

The traditional use of mobile phones causes strongly

asymmetric distribution of field power density and specific

absorption rate (SAR) inside the human head. Therefore,

enhance in asymmetry of the EEG parameters between the

brain hemispheres caused by microwave exposure can be

an indicator of the effect. Results of our previous study

(Suhhova et al. 2008), where 450 MHz microwave expo-

sure modulated at 1,000 Hz was applied, did not reveal

significant changes in the EEG between hemispheres.

Possible reason is absence of the effect at 1,000 Hz mod-

ulation frequency (Hinrikus et al. 2008a). On the other

hand, it has been reported that the microwave exposure

causes increase in the EEG power in the frequency bands

that are close to or lower than the modulation frequency of

microwaves (Hinrikus et al. 2008b).

This study is aimed to evaluate the possible effect of

microwave radiation modulated at low frequencies inside

the EEG spectrum on asymmetry of EEG rhythms between

brain hemispheres. In our study we tested the hypothesis

that inter-hemispheric EEG asymmetry is affected by
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microwave exposure which level is much higher from the

left side of the head.

2 Materials and methods

2.1 Subjects

The experiments were carried out on two groups of vol-

unteers: 13 healthy volunteers (aged 21–30) were exposed

to 450 MHz microwave radiation modulated at 14 Hz

(Group A) and 15 healthy volunteers (aged 21–24) were

exposed to 450 MHz modulated at 40 Hz (Group B). All

the subjects selected had no medical or psychiatric disor-

ders. All subjects passed the experimental protocols with

exposure and sham. During each double-blind test session,

the exposed and sham-exposed subjects were randomly

assigned by computer.

The study was conducted in accordance with the Dec-

laration of Helsinki and has approved by the local Medical

Research Ethics Committee.

2.2 Microwave exposure

The microwave radiation was generated by the Rhode &

Swartz signal generator model SML02. The 450 MHz

radiation was 100% pulse modulated at 14 and 40 Hz

frequency (duty cycle 50%). The generator signal was

amplified and the 1 W microwave output power was gui-

ded by coaxial to the quarter-wave antenna NMT450

RA3205, located at 10 cm from the left side of the head.

The spatial distribution of the microwave power density

was measured by the Fieldmeter C.A 43 field strength

meter. The field power density from the left side of the

head was 0.16 mW/cm2. The SAR was calculated using

SEMCAD software. The finite difference time domain

(FDTD) computing method with specific anthropomorphic

mannequin (SAM) specified in IEEE Standard 1528 was

applied. Results of calculations are presented in Fig. 1. The

calculated spatial peak SAR averaged over 1 g was

0.303 W/kg. Differences in calculated SAR values between

hemispheres were up to 20 dB.

2.3 Experimental procedure and EEG recording

equipment

The experimental studies were performed according to the

recording protocol identical for all subjects. All subjects

completed the sessions with microwave and sham exposure

during which the resting eyes closed EEG were continu-

ously recorded. Ten cycles of modulated microwave

exposure (1 min radiation off, 1 min radiation on) at each

fixed modulation frequency were applied. Sham recording

session used the same protocol, except that the microwave

power was switched off.

The Cadwell Easy II EEG measurement equipment was

used for the EEG recordings. The EEG was recorded using

nine electrodes placed on the subject’s head: frontal—FP1,

FP2, parietal—P5, P4, temporal—T3, T4, occipital—O1, O2

and the reference electrode Cz. The EEG recordings were

stored on a computer with a 400 Hz sampling frequency.

The energies of the four basic EEG rhythms theta

(4–7 Hz), alpha (8–13 Hz), beta1 (15–20 Hz) and beta2

(22–38 Hz) were extracted from the total EEG signal (0.5–

48 Hz) by filtering. Such a selection of the EEG bands

excluded possible modulation frequency artifacts.

2.4 EEG analysis

The EEG energies of the theta, alpha, beta1 and beta2

frequency bands were analysed separately. The method of

integration of differences was applied.

The relative change in the energy of the recording

segments with and without exposure was selected for

Fig. 1 Distribution of SAR

values in SAM head
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analysis. At first, the average energy of an arbitrary com-

parison interval was calculated as follows:

si ¼
1

N

XN

r¼1

xðrÞ½ �2; ð1Þ

where x is the amplitude of the recorded signal and N is the

number of samples. At second, parameter S as a relative

change was calculated:

S ¼ s2

s1

� 1

� �
� 100%; ð2Þ

where s1 and s2 are the average energies inside the 30 s

comparison intervals in the beginning of cycle segments

without and with exposure, respectively.

Finally, the intra-hemispheric asymmetry A was calcu-

lated as:

A ¼ SL � SR; ð3Þ

where SL and SR are S-parameters calculated for left or

right hemisphere symmetric channel, respectively.

The asymmetry values were calculated for FP1–FP2,

T3–T4, P3–P4 and O1–O2 channel pairs. The asymmetry

for a subject was calculated as the value of the parameter A

averaged over ten exposure cycles at fixed modulation

frequency.

Signal processing and calculation of parameters were

performed in the LabView programming and signal pro-

cessing environment.

The statistical analysis of calculated parameter for group

and individuals was performed. The two-tailed paired

Student t-test for group was applied. The ratio of computed

asymmetry differences to the standard deviation (calcu-

lated on the basis of sham signals) was used for evaluation

of individual changes for a subject. Post-host Bonferroni

correction was applied. The confidence level of 0.05 was

considered statistically significant.

3 Results and discussion

Asymmetry values were calculated for channel pairs FP1–

FP2, T3–T4, P3–P4 and O1–O2 for all subjects and all

EEG frequency bands.

Average asymmetry values for Group A at 14 Hz

modulation frequency are presented in Fig. 2.

The visual comparison of results presented in Fig. 2

shows, according to formula (3), increase of energy from

the left side caused by microwave exposure in all analysed

channel and all EEG rhythm, except alpha rhythm. The

biggest differences in values occur in temporal–parietal

brain region.

Results of t-test performed for comparison of sham and

exposed conditions revealed no significant changes for the

group.

Average asymmetry values calculated for Group B at

40 Hz modulation frequency are presented in Fig. 3. The

microwave exposure increases EEG energy from the left

side and asymmetry scores are more positive in microwave

exposed conditions in all rhythms, except theta rhythm.

Theta rhythm is not affected by the microwave exposure

also in our previous study (Hinrikus et al. 2008b).

The character of graphs in Fig. 3 is similar to the results

seen in case of microwaves modulated at 14 Hz in Fig. 2:

microwave exposure increases the EEG power from the left

side, where the field power density is higher. Standard

deviation is about twice higher in exposed compared to

sham conditions. However, the t-test performed for the

groups revealed no significant differences between sham

and exposed conditions. This effect can be explained by

SAR distribution in the human brain: SAR values from the

left side are higher but really the microwave field is present

in both hemispheres and the asymmetry values are reduced.

Our previous results showed that the effect of micro-

wave exposure differs for individuals (Hinrikus et al.
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Fig. 2 The average asymmetry

values calculated for different

EEG rhythms for the group A

(13 subjects) at 14 Hz

modulation frequency in

unexposed and microwave

exposed conditions
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Fig. 3 The average asymmetry

values calculated for different

EEG frequency bands for the

group B (15 subjects) at 40 Hz

modulation frequency in sham

and microwave exposure

condition
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2008a), some of the subjects under investigation may be

significantly affected and the others not. Variations in

sensitivity to microwave exposure lead to increased vari-

ability of the results between individuals in exposed

conditions (Lass et al. 2002). The idea about different

sensitivity to exposure is supported by increased variability

in exposed conditions in this study. Sensitivity of some

subjects to microwave exposure is most likely related not

to hypersensitivity of these individuals but to variability of

the physiological state of the brain. Human brain is highly

complicated system and affected simultaneously by hun-

dreds of physical, chemical, psychological etc. stressors.

Microwave exposure is one of these stressors. Effect of the

microwave exposure as a weak stressor depends on com-

bination of the other stressors and initial state of the brain.

Therefore, despite that the effect of microwave exposure

appears to be not statistically significant for the whole

group, however, it can be significant for some individuals.

The differences between exposed and sham conditions

in the asymmetry in all channel pairs and EEG rhythms for

each subject were evaluated using the ratio of computed

asymmetry differences to the standard deviation of differ-

ences (calculated on the basis of sham signals). The results

are presented in Table 1.

Most of significant changes occur in temporal–parietal

area. The rate of subjects affected by microwave exposure

was lower at 14 Hz modulation, 15% (2 subjects) and

higher at 40 Hz modulation, 35% (5 subjects). Such dif-

ference can be caused by variability of results in groups of

different subjects. There were no significant differences in

sham conditions.

In previous studies the individual sensitivity to micro-

wave exposure was evaluated based on relative changes in

the EEG power (S-parameter) (Hinrikus et al. 2008a;

Bachmann et al. 2007). The results of this study are in good

agreement with the rate of individual sensitivity 13–31%

reported in our previous publications (Hinrikus et al.

2008a; Bachmann et al. 2007). It seems that inter-hemi-

spheric asymmetry as a measure for evaluation of the

microwave effect on EEG has about the same sensitivity as

relative changes in the EEG power.

4 Conclusions

The results of this study showed that 450 MHz microwave

radiation modulated at 14 and 40 Hz altered EEG asym-

metry between hemispheres and increased the EEG energy

from the left side where the microwave power density was

higher. However, differences in asymmetry between

exposed and sham-exposed recordings were not statisti-

cally significant for a group.

Evaluated sensitivity to microwave exposure for indi-

viduals revealed significant differences in asymmetry

between exposed and sham-exposed recordings for two

subjects (15%) at 14 Hz and 5 subjects (35%) at 40 Hz

modulation frequency.
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