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[. Introduction

The use of cellularphones has increased
exponentially during the past decade in
Korea and public concern regarding emitting
from cellularphones has increased as well
the possible health effects from exposure to
microwave(MW) fields.
public concern over health effects of

In response to
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electromagnetic field exposure, the World
Health Organization(WHO) established the
International EMF Project in 1996. WHO
has been conducted into possible health
effects of exposure to radiofrequency fields
and will publish Environmental Health
Criteria(EHC) reviews of the scientific
literature on RF fields. The WHO EHC on
RF  has

advanced following  various
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scientific studies. The EHC on RF fields is
expected in 2007. So, we executed the
human's EEG(electroencepha-logram) and
BAEP(brainstem auditory evoked potentials)
test in compensation for cellular phone users
to study microwave effects on nervous
system.

The concern is whether MW exposure
from cellular phones has the potential to
influence the electrical functions of the
human brain(Graham et al., 1994). Exposure
to microwave electromagnetic(EM) radiation
can cause behavioral changes in humans and
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Table 1. Experimental protocols
Test procedure Species RF exposure Remark
A 10 subjects in long-term cellularphone Frequency: 800-1800 MHz, Normal use position right
users(more than 7 years) right ear side of head
B 10 subjects in long-term cellularphone No exposure Control to A
users(more than 7 years)
C 10 subjects in short-term cellularphone No exposure Control to A, B
users(less than 2 years)
experimental animals (DAndrea, 1991).  vertex and ear contralateral to stimulation  source. Table 1 indicated test procedure of

Which indicates that the central nervous
system(OConnor, 1988), and in particular
the brain may be affected.

The measurement of brain electrical
activity, the EEG during behavioral tasks
offers unique advantages for
studying the effect of EM on the electrical
activity of the brain. One of these is the
EEG.
Direnfeld has suggested the dominant brain

several

excellent time resolution of the

wave frequencies may be the evolutionary
result of the presence and the effect of
low-level EM energy on the nervous system
(Direnfeld, 1983). Small differences in the
balance of activation between hemispheres
are more significant for behavior than the
total level of brain activation (Davison,
1988). There has been some work on
long-term changes of EEG asymmetry were
observed (Kholodov & Levedeva, 1992) and
short-term  effects of weak MW field
(Adey, 1981). The
usefulness of BAEPs often depends on a
stable and well-defined wave V. The
V' within the IV/V
complex, however, varies among normal

exposure clinical

resolution of wave

subjects when recorded between the vertex
and ear ipsilateral to stimulation (A;-Cz)
1979).  This
variability can be the basis for high

(Chiappa et al, normal
interpeak latency(IPL) differences between
trials and sessions, particularly when a
single-peaked IV/V complex is present.
Previous studies have demonstrated that

BAEP wave forms recorded between the

(Ac-Cz) differ from those of the A;-Cz
channel, but they did not determine whether
the Ac-Cz IV/V complex is more stable
(Stockard, 1978; Prasher, 1980; Robinson,
1981). In this study, BAEPs from these 2
channels were recorded simultaneously and
compared in order to determine the value of
Ar-C;z recordings in improving IPL reliabi-
lity and enhancing wave form stability.

The purpose of this study was to evaluate
the effects of microwave exposure on the
electrophysiologic functions in the human
brain between long-term and short-term
cellular phone user.

[I. Materials and methods
A. Subject

Subjects were 20 physically and mentally
healthy male volunteers who were 24-35
years of age, 173.9£2.5 cm in height and
69.1£9.8 kg in weight, and 22.5444.4 kg/m’
in body mass index (BMI).

All volunteers provided written informed
consent. Subjects were assigned to two
group; 10 subjects in long-term cellular-
phone users (more than 7 years) and 10
subjects in short-term cellular users (less
than 2 years).

B. Experimental condition

We use cellular phone as RF exposure

this study. We divided test procedure into 3
processes. Test A was process of long-term
uses which was exposed by RF energy from
cellular phone. This test group was used to
analyze complex effect of acute and chronic
RF exposure. Test B was applied to research
only acute RF exposure, and test C group
was used to contrast with A and B. In case
of test A process, volunteers used cellular
phone of their own for EEG and BAEP
testing,

C. Electroencephalograms(EEG) test

From February to March 2002, double
EEG test (procedure A and B) were
performed on the 10 long term cellular phone
users, and single EEG test (procedure C) was
performed on the 10 short-term users. Each
EEG recording session lasted for 40 minutes
after 30 minutes of exposure and a 10 minute
post-exposure period. EEG were recorded
with NEVROFAX instruments.

Figure 1 indicated schematic repre-
sentation of the EEG experimental system.
EEG activity was cortices using a 16-
polygraph  with the
simultaneously from both symmetrical
bandwidth set at 1 to 70 Hz. The frequency

spectra of 10-sec successive EEG epochs in

channel recorded

the range of 1 - 70 Hz were analyzed
"on-line" on an IBM-compatible PC/386
personal computer. Each epoch was
digitized with a multichannel A/D DT 2821
converter using a sampling rate of 20 and
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Fig 1. Schematic representation of the EEG experimental system.

Back

Fig 2. Test positions of EEG according to the standard 10-20

Electrode placement system.

resulting in 200 sampling points. The EEG
recordings were performed on subjects in a
prone position, during relaxed but alert
wakefulness, with eyes closed.

Figure 2 showed test positions of EEG
according to the standard 10-20 electrode
placement system. The monopolar EEG
derivations were measured with Ag/AgCl
surface electrodes fixed at the positions Cs,
Cs, Fs, F4, P3, and P4, according to the

international  10-20 electrode placement
system. The 6 test positions were selected to
compare the brain wave's difference of right
hemisphere with left hemisphere according
to using cellular phone. The raw EEG
power spectra of each hemisphere were
averaged for successive 10-sec periods in all
subjects both before and during exposure.

The EEG asymmetry was calculated by

comparing the power values in each
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frequency band from left and right hemi-
spheres as a ratio. For quantitative asse-
ssment of these spectra, the mean spectral
power density was calculated in distinct
frequency ranges(Herrmann, 1989) :

A1~3.5 Hz), 6(3.5~7.5 Hz), o7.5~12.5
Hz), and pB(12.5~18.0 Hz). Statistical
analysis was based on these spectral
parameters. Differences were considered
statistically significant at a P < .05 using

the T-test.

D. Brainstem Auditory Evoked
Potentials(BAEP) test

BAEPs were recorded from 20 volunteers.
Silver-silver chloride electrodes were placed
on the vertex (Cz), the medial aspect of ears
(Ar) and the forehead. Recorded activity was
amplified and filtered with a bandpass of
100~2,000 Hz. The analyzed epoch was 10
msec after the onset of the stimulus. Two
trials of 2,000 responses each were obtained
and analyzed for each ear tested. Stimuli
were presented to the left ear for 2 trials
and then to the right ear, first at a level of
90 dB and then at 110 dB.

Figure 3 displayed the BAEP experi-
mental system and place. The headphones
were shielded and contained piezoelectric
crystals for sound generation. Stimuli con-
sisted of 0.1 msec square-wave clicks
delivered at a rate of 10 Hz. White noise (60
dB) was delivered to mask the opposite ear.

Analog-to-digital conversion was accom-
plished by sampling each channel every 100
us, and responses were recorded sim-
ultancously from A-Cz. All hardware was
interfaced with a Nihon Kohden Inc., AEP
Monitoring System for stimulus presen-
tation, data acquisition, averaging and
graphic display. A widely accepted method
of wave V latency measurement was
followed, based on peak identification
(Chiappa et al., 1979). Measurements were
made either from a clear peak or, when such



Fig 3. Photo of the BAEP experimental system.

was absent, from the linear midpoint of the
nonpeaked wave. When wave V was
completely fused with wave IV, the latency
was measured from the peak of the IV/V
complex. A pair of trials of Aj-Cz recording
was analyzed for absolute and interpeak
latency and wave form.
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III. Results

The quantitative analysis was based on
comparison of the changes between long-
term cellularphone users-on/off and short-
term cellularphone users. Figure 4~6 shows

the spectral power densities at each

C3 Spectral Dersityloff) C4 Spectral Densityinon)

electrode placement during the recording
session under among non-field, field-on, and
field-off conditions. Predominant ¢ activity
of the EEG could be observed in the
frequency range around 10 Hz. This «
activity is characteristic for the relaxed
waking state under the eyes-closed
condition. Although the time of investigation
was short, and the number of subjects was
small, some fluctuation of the spectral
distribution of the ¢ activity could be
observed. There was no indication for an
alteration of vigilance, i.e., we could not
detect any decrease of EEG « and 2
activity, nor an increase in the 4 and &
range.

No statistically significant differences
among the three experimental conditions
could be detected. The results of the
evaluation of the mean spectral power
densities at each electrode placement for all

20 subjects are summarized in Table 2. The
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ST AR T

Fig 4. Comparison of soectral power densities in C3 and C4 durina the recordina session under amona short-term use
(left). lona-term use-on (middle). and long-term use-off (right) conditions. Note) X axis : Hz, Y axis : spectral
density, Z axis : number of sanple.
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Fig 5. Comparison of spectral nower densities in F3 and F4 durina the recordina session under amona short-term use
(left). lona-term use-on (middle). and long-term use-off (right) conditions. Note) X axis : Hz, Y axis : spectral
density, Z axis : number of sample.
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Fig 6. Comparison of spectral nawer densities in P3 and P4 durina the recording session under amona short-term use
(left). lona-term use-on (middle). and long-term use—off (right) conditions. Note) X axis : Hz, Y axis : spectral
density, Z axis : number of sample.

Table 2. Mean spectral power densities(u %) and standard deviations for the EEG recording segment

Electrode Placement

Type of User F3 F4 C3 C4 P3 P4
Short-term User (N=10) 25.8+10.1 252+ 7.1 12.0 4.5 164+ 5.5 20.745.3 15.1+ 6.2
Long-term User-on (N=10) 26.4£15.1 28.6£18.4 14.1£10.1 15.8+10.9 18.5+8.8 21.8£12.1
Long-term User-off (N=10) 20.5+ 8.9 25.4£12.8 14.5+ 9.5 13.8+ 9.0 20.348.1 18.6£10.5

mean values and standard deviations of the
averaged spectral power densities are shown

the microwave revealed a significant diff-
erence for the resolution of short latency

sleep and dreaming and for diagnosing
epilepsy and coma.

in units of «V* for the 20 subjects under ~ BAEP at wave V(P ) .05). EEG frequencies are conventionally
the three experimental conditions. Statistical subdivided into approximate frequency
comparison of the data with and without bands related to these three oscillation
exposure to the electromagnetic field 1V. Discussion thythms. In many studies, researchers

revealed no significant difference for the
EEG derivations (P ) .05).

Table 3 shows the results of the absolute
latency and interpeak latency for brainstem
auditory evoked potential in each wave
during the recording session for short-term
users, long-term users-on, and long-term
users-off conditions. The statistical com-
parison of the data between long-term
users-on and long-term users-off exposure to

The amplitude of EEG potentials is much
smaller than the voltage changes in single
neuron. The surface EEG predominantly
reflects the activity of cortical neurons close
to the EEG electrode. Thus deep structures
such as the hippocampus, thalamus, or brain
stem do not contribute directly to the
surface EEG. The EEG provides important
indices for studying arousal, wakefulness,

suggest that the exact limits of the
frequency band of @, S8, &, @, and 7 appear
to be fuzzy. Kandel et al. classifies brain
waves into «: 8 -13 Hz(relaxed 10 Hz,
NREM sleep spindles 12 - 14 Hz); £: 13 -
30 Hz; and 7: 30 - 80 Hz (awake or REM
16 - 25 Hz); 6: 0.5 -4 Hz (NREM 0.5 - 2
Hz); 0: 4-7 Hz (drowsiness)(Kan del et al.,
2000).

Table 4 showed the effects of RF

Table 3. Absolute latency and irterneak latency in each wave amona short-term users, long-term users-on,

and long-term users—off condition (Mean+Standard Deviation)

(Unit : msec)

Tyt of v Latency ABSOLUTE LATENCY INTERPEAK LATENCY
Type of wave I I m v vV [-IT -V [-V
Short-term users 1.74£0.2 3.1£0.2 4,1+0.3 52403 5.8+04 2.440.1 1.8+0.2 4.1+0.2

Long-term users-on  1.7£0.2 2.940.1 4,0£0.1 5.120.1 5.940.2 2.3£0.1 1.9£0.2 42402

Long-term users-off ~ 1.6+0.2 2.9+0.1 3.9+0.1 5.120.1 5.8+0.2 2.3+0.1 1.940.2 4.240.2
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Table 4. Effects of RF exposure on Electroencephalography (EEG)

effect ecies odulation uration eference
EMF eff Speci Fr(e%;cy Modulat Duration  Ref
No short term effects of digital mobile Roschke
phone telephone on the awake closed eye Human: 34 males 900 GSM 217 Hz, pulse width 580 35 min & Mann
EEG with special attention to the spectral (mean 27 years) mobile phone 75 ' 1996 ’
power density of the «@(8-13Hz) EEG

. o 217 Hz pulse freq,
Effect with task-relevant target stimuli in the , . ’ .
EEG band 18.75-3125 Hz( B/ 7 fawake). No Hurlnan.211327healthy 916 puls(; Wiidth 577 /E s llkorour}d Eu11t129 9e§ al,,
effect with irrelevant standard stimuli majes 2l-c 1 years radiated power o min

aerial 2.8 W

One-hour exposore to mobile phone RF
EMF has no effect on auditory brainstem 10 men 10 women 60 min  Thimonicr cf
responses(ABRs) and distortion products (20-30 years) 900 217 Hz GSM exposure al.. 1999
otoemission(DPOE)  recordings in the Y P ”
conditions of their protocol
There was no main effect of E MF at any
frequency band between the event related 24 Right handed . Dlmmgd
synchronous(ERS)  and  desynchronous adults MIF 2030 902 GSM 217 Hz, pulse width  room, in  Krause et
responses(ERP) elicited by targets and non (mean 24 years) 577 ps, 025 W chair, 30 al.,2000
targets. reaction time or accuracy on a visual y min exp
sequential letter task ‘N-back’
MP RF may suppress the excessive 22 .
sleepiness and improve performance while Narcolepsy-cataple 900 Motorola 215777H % Spulzsg ﬁfth 45 min Jech et
solving a monotonous cognitive task Xy pts mean 48  d 520 MP K8, 2.0 12, right ear  al.,2001

requiring sustained attention and vigilance

years

025 W

exposure on EEG. Eulitz et al. studied the
interaction of cell phone pulsed MW
exposure within the human brain(Eulitz et
al., 1998) and they showed that the EMF
alter distinct aspects of the brain's electrical
response to acoustic stimuli. Krause et al.
tested 24 right-handed young adults in a
visual sequential letter [JCIN-back [ ltask
under similar exposure conditions(Krause et
al., 2000). There were no main effects of
EMF at any frequency band in the visual
N-back tasks. Jech et al. examined the
effects of the MP(mobile phone) EMF on
EEG and event-related potentials(ERP)(Jech
et al., 2001).

There were no changes of the EEG
recorded during the MP exposure, but they
supposed the EMF of MP may suppress the
excessive sleepiness and improve perfor-

mance while solving a monotonous cog-

nitive task requiring sustained attention and
vigilance. We also studied and made a plan
compared to reference papers. But, contrary
to many experiments about GSM (global
system for mobile communications) mobile,
we use CDMA(code division multiple
access) MP our study target.

In EEG and BAEP tests, we don't find
out statistically significant changes. The
reason may be drived from dosimetric
uncertainties.

Hambin and Wood reviewed 14 articles
that the effects of GSM MP RF energy on
human brain activity and sleep variables. At
this paper, they indicate that outcomes of
the various studies have been inconsistent
and comparison between individual studies
is difficult(Hamblin & Wood, 2002).

It is very important to replicate these

experiments for validating the results in

other laboratories, but, most studies test only
one dose with poor dosimetric controls and
poor traceability and reflection of RF need
to be assessed in exposure setups. Finally, to
assess many negative and positive effects on
the nervous system from electromagneic
field of MP, more well-designed and

delicate studies are need.

V. Conclusions

Public concern has increased about the
health risks

exposure to microwaves emitting from

possible associated ~ with
cellularphones. In this paper, we presented
results from electroencephalograms (EEG)
and brainstem auditory evoked potential
(BAEP) tests undertaken to examine the

effects on the central nervous system from



short-term and long-term cellularphone use.

Our study did not indicate any adverse
effects on the activity of the human brain
due to cellularphone use. There was no
significant  difference among short-term
users, long-term user-on, and long-term
users-off exposure to the microwave in the
alpha frequency ranges (7.5-12.5 Hz) for the
EEG derivation. There was only significant
difference for the resolution of short latency
BAEP at wave V.

This study covered only the analysis of
the short-term elevation of EEG asymmetry
and BAEP latency after the onset of the
microwave field. A more general assum-
ption at present is that there is a probable
interaction of MW fields with the EEG
1978; Direnfeld, 1983).
One of the possible key links in this effect

generators(Bise,

can be calcium ion exchange in brain
tissue(Adey, 1981). Indeed, it was found
that the intracellular calmodulin level was
changed by modulated MW fields(Katkov,
1992). It is possible to assume that this
effect is based on different sensitivity of
hemispheres to frequency of stimulus
(Versage, 1985). The limitations of this
study were a small number of volunteers
and short exposure time to cellularphones
for EEG and BAEP measurements.

Further study should provide information
on the contribution of the various sources
and the relationship between brain function
and cellularphones use in individual
differences.
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