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W-HITE RATS were in vivo exposed to microwave (MW) radiation

V'V in the cellular phone communication frequency range to investigate
whether such exposure produces functional or morphological damage
in the brain.

Three groups were investigated: Mobile phone (MP) handset
group, mobile stations tower (MT) group, and microwave source {MS)
group. Subgroups of all exposed rats were taken for recovery studies.
ECoG activities and histopathological changes were recorded before,
during and after microwave exposure.

As compared to control animals, ECoG patterns in exposed
animals were found to be distinctly altered in each case of exposure.
Some fluctuations had been recorded in shape, frequency, and
amplitude of ECoG pattern. accempanied with structural changes in
some brain tissue elements

The interaction of microwave radiation with biological systems has been

extensively investigated”>?. The body organs affected by microwave exposure
were reported to be susceptible, in terms of functional disturbance and/or
structural alterations”*®. With the widespréad use of the mobile telephones
devices and the presence of mobile tower stations mounted on building roofs,
there is concern regarding possible health hazards, particularly those related to

brain tissues since the phone antenna lies alongside the head during usage.

On repeated exposure to mobile phones®!?. Reported significant changes in
the brain electrophysiology; evoked potentials, and EEG records. In addition, a
pathological leakage of the blood-brain barrier was shown. Neural effects have
also been reported including Ca™" changes (essential for cell communication and
growth regulation), neurotransmitters (chemicals that conduct nérve signals and
control such things as appetite, meod, behaviour, drug responses, sleep, learning
and memory), behavioural changes and sleep disorder. Moreover, damage of
brain tissues was noticed to be manifested by encephalo-proliferation of glial
cells, neural degeneration and neuro-phagia’". However, the results of the
studies are mostly inconsistent: Additional systematic studies are needed to
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identify possible reproducible effects and the biologically active parameters
controlling these effects. The present study was carried to-investigate the effect
of long term low intensity MW exposure could have on brain function and
structure using continuous microwave source (MS), GSM mobile phone (MP)
and mobile tower (MT) stations.

Material and Methods

Animal exposure
80 female rats weighing 110-130 gram were used in this study. Ten of them

were used for control studies. The rest of the animals were grouped into three
groups:

1- Microwave source (MS) group; in which 30 rats were exposed, 1.5h daily, for
1, 2 or 3 months to a microwave source (Fig.1a) at a frequency of 9.86 GHz,
average power density of 0.248 mW/em? (SAR=2mW/Kg).

2- Mobile tower (MT) group; in which 20 rats were continuously exposed to
mobile station radiation, (Fig.1b), at a frequency of 950 MHz, intensity 0.4
mW/cm? and a distance of 230cm from the tower center, for 1,2 or 3 months.

3- Mobile phone (MP) hand set group; (20 rats) where the rats were placed, 90
min daily, for 15, 30 & 40 days with their head in close contact with the
phone set (Fig.1c)) at a frequency 950 MHz and intensity 0.4mW/cm?,

<

Fig. 1. a. A photograph for the arrangement of animal exposure to a microwave sourece, B;
Schematic diagram of the tower, shelter of mobile station and the animal house and
C; A photograph for the mobile phone exposure. The animal container is perfectly
closed except for some holes in the side facing the mobile in order to force the animal
_ to direct its head towards the mobile.
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Subgroups of the exposed rats were taken for recovery studies. Electrophysiological
activities (ECoG) and histopathological changes of the brain were recorded before,
during and after microwave exposure.

Electrophysiological methods

All the animal groups were housed in a good airing, feeding the same diet,
and live nearly under the same conditions. After complete animal anesthesia,
according to David and Arthur, (1997) the animal was fixed on a board, the skin
of the head at the mid line, was cut and reflected towards the sides as far as
possible, and the cranial bones were thoroughly cleaned. The ECoG activity was
directly recorded from the cortical surface through a set of trephine openings
drilled in the skull of rat brain. Two trephine openings, 2mm in diameter, were
made in the skull over the frontal regions of the right hemisphere for ECoG
recording using wick Ag-AgCl electrodes and another 1mm opening in the left
hemisphere for a common reference earthed electrode. All the openings were
made carefully by using a dental driller for removing only the skull bone without
any injury of the brain duramatter cortex. The exposed regions of the brain were
covered with warm Ringer's solution suitable for the brain.

ECoG data analysis

The ECoG is an extremely complex signal with a periodic waveform, making
it very difficult to quantitate. On investigating the ECoG chart, it was noticeable
that it contains relatively long period pulses (LP) of few parts of a mV separated
by inactive duration regions and short time pulses of few microvolts (Fig. 2a).
Each pulse consists of a number of peaks. The rate of appearance of these pulses
may be regular (RP), or irregular according to the brain physiological conditions.
The data from these records were represented as pulse amplitude A, peak
frequency ¥, percentage of the appearance of long period pulses (LP) £ % and
ECoG regularity R, where

Ro, - ¥ Regulation Time
° ~ Total Time of the Chart
L o= ;LP Time %)
Total Time of the Chart
W kPeak‘s No.

" Pulse Time

(%)

Histopathological Method

Ammals of all the above mentioned groups (control, MS, MT & MP groups)
were used in this investigation. The brain of the anesthetized rats was carefully
extracted from the skull. After saving in 10% formalin it was subjected to
Haematoxyline-Eosin histological study. The brain samples of control and
treated animals were processed and impeded in paraffin according to Drury and
Walligton"?. This technique is the most commornly used method since it gives
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good and fast results. Semi thin sections (1-2 um) were cut with the ultratome,
mounted in glass slides, stained with Haematoxyline-Eesin, and examined by
the light microscope.

Results

ECoG records

Typical ECoG records from normal unexposed rat brain are shown in (Fig. 2b).
The waveform of the ECoG, its characteristic parameters, amplitude 2,
frequency ¥, regularity R% and the percentage long period pulse appearance L
% depend on the general physiological conditions of the animal and on the
position of the recording electrode. In this work, the electrode position in the
brain opening was fixed during all the experiments because different brain
regions do not display the same rhythms at the same time . Table 1 summarizes
the calculated values of all the ECoG parameters in case of control animals. The
results indicated that the F-values lie in the 8-wave range (1-4Hz) of anesthetized
and sleep EEG waveform.
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Fig. 2 a. RP and LP pulses in-an ECoG chart sample and fiers and:b; Typical ECoG pattern of

a control experiment.
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TABLE 1. The calculated ECoG parameters of contrel group (£ SD) .

RP LP R z

A(mV) F (Hz) A (mV) F(Hz) % %%

0.135 1.657 0.156 1.587 47779 8.678
Control{ 10064 | 0351 +0.084 +0.404 +8.733 +1.042

1-Microwave source (MS) effects

On exposing the animals to MS, for 1.5 h, the ECoG pattern showed
significant deformations during and immediately after ending exposure. These
deformations were reflected in the form of insanity in frequency, amplitude and
L %. An increase in ¥, accompanied by a marked decrease in 4, was noticed
during exposure and these variations became less pronounced after ending
exposure. Also, a decrement in regularity R% was obvious (Fig 3a&b) during
and after exposure. In case of long term exposure of rats to MS for one, two or
three months, ECoG records indicated more pronounced variations in the RP &
LP (Fig. 4) and in all the calculated parameters. These variations appeared as a
depression in regularity R%, a rise in £%, ¥, and A and they became more
pronounced with the time of MS application.
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Fig.3. a. ECoG chart samples of R and L pulses for the same rat before, during and after
exposing to MS and B. ECoG R % (i), £% (ii), frequency F (iv) & amplitude A )
variations in RP and LP during, after exposure of immediate CMW comparing with
control results.
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Fig. 4. Typical ECoG RP and LP sections after different periods of MS exposure and during
recovery. .

The measured parameters showed some sort of recovery after 8, 24, & 60
days of source removal but they did not return back to normat values (Fig. 5, a, b
& ¢).

k} .

a2

Fig. 5. Typical ECoG sections of RP and LP of rats after 1, 2 and 3 months of mobile tower
(MT) exposure.
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Mobile tower (MT) effects '

Typical ECoG samples of LP and RP types, after exposure to MT for
different periods; 1, 2, & 3 months and the variations in the calculated
parameters are shown in (Fig. 6 & 7a, b, & ¢). A decrease in R%, increase in L
% & F were noticed and became more significant with exposure time. The
amplitude A showed an increase reached to about double its control value after 1
month exposure and then decreased with exposure time.

{o¥

Fig. 6. variation of R(%) and £ (%) values; (a), Frequency of RP and LP pulses; (b) & A
values of RP and LP; (¢) during and after MS exposure and recovery periods.
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Fig. 7. a Variation of R(%) and £ (%) values, (B); Frequency of RP & LP pulses,
and (C) . Values of RP and LP during and after MT exposure and
recovery periods.
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The variations of these parameters were estimated after 8, 24 & 60 days of
exposure cessation. Little uncompleted recovery was observed during the above
mentioned periods. The ECoG pattern still irregular (X=30% of control value)
even after 60 days of exposure.

Mobile phone (MP) effects

ECoG records of LP and RP from animals exposed to MP source, for 1.5 hr,
and after the removal of the handset mobile are illustrated in Fig. 8a. The
variations in the calculated ECoG parameters are shown in Fig. 8b. The R%
value was noticeably decreased to about one third of the control value. The
decrease is more pronounced after ending the call and removing the phone. On
the other hand, the value of £ % showed a remarkable increase during the tatking
period and still larger than control value even after ending the call. Regarding the
amplitude 4 and the frequency 7, they both increased during exposure, decreased
after ending the exposure but did not return back to control values even after 40
days.
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Fig. 8 a. ECoG chart samples of R and L pulses for the same rat before, during and after exposing
to MS, and (b, i); ECoG R % (ii); ECoG £%, (iv);ECoG frequency F & (v); ECoG
amplitude A variations in RP and LP during, after exposure of immediate MP comparing
with control results .
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The effects of long term exposure of animals to MP, 90 min daily, for 15, 30
& 40 days on the ECoG records were also studied (Fig. 9 & 10 (a, b, & ¢). In
these Figures the recovery results are also included. A significant decrease was
noticed in both R% & £ % whereas 4 & ¥ were increased with exposure period.
The recovery results indicated that % & £ % were increased with recovery
time but their values were still smaller than the control ones. After 40 days of
stopping exposure, the amplitude 4 was approximately approached to control
value whereas Fshowed some recovery but still smaller than control.

MS effects on rat brain histology

Microscopic examination of rat brain tissue, after one & two months
exposure to MS showed nearly similar changes. These changes appeared in the
form of congestion of blood vessels with lymphocytic cellular infiltrations,
neural degeneration and neurophagia of the brain tissues Fig.11 (b, ¢). After 3
month exposure, focal areas of encephaomalacia represented by tissue vaculation
with diffused gliosis were noticed. There was also severe congestion of blood
vessels with perivascular and parenchymal hemorrhage in addition to perineural
edema and demylin-ation of some neurons (Fig. 11d).

In recovery group, the examined brain samples still revealed congestion of
blood vessels and multiple areas of hemorrhage with demylination of neurons
after 8 days (Fig. 11e). After 24 days, similar recorded lesions were noted in
addition to focal gliosis, neural degeneration, neurophagia and encephaomalacia.
After 60 days, only blood vessels congestion was seen in the examined sample.

Fig. 9. ECoG charts samples of RP and LP pulses for exposing rat groups fo mobile phone
(MP).
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FUNCTIONAL AND DESTRUCTIVE EFFECTS OF MICROWAVE 157

2.5 1

& -

= 5 &

1
0.5 1

Fig. 10. A variation of R(%) and £(%) values, (B) ;Frequency of RP & LP pulses, and (C); A
values of RP and LP during and after MT.
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MT effects on rat brain histology

Histopathological examination of one month exposed brain tissues to mobile
tower field revealed blood vessels (BV) congestion, perivascular hemorrhage
(PH), Fig.12a. Multipie areas of extravagation of erythrocytes in the cerebral
cortex with degeneration of some neurons were also seen. After two months
exposure, similar pathological changes were found, in addition to perivascular
mononuclear cellular inflammation mostly lymphocytes. After 3 months
exposure, the pathological brain lesions became more severe in blood vessels
congestion, multiple large areas of hemorrhage, thrombosis of some blood
vessels with neural degeneration. Proliferation of glial cells with neurophagia as
evidenced by aggregation of some microglial cells around degenerated neurons
to engulf them (Fig. 12 b) were prevalent. Moreover, demylination of some
neurons were also detected.

{a) (b)

Fig. 12. microphotographs of different exposed recovered brain tissues stained with
Haematoxyline & Fosin stain;

a: Brain of rat exposed to Mobile Tower for 1month shewing congestion (C) of bloed vessels
(B.V.) with perivascular hemorrhage, (x100).

b: Brain of rat exposed to Mobile Tower for 3month showing Neurophagia, (x400).

c: Brain of rat exposed to Mobile Tower after 24 days of recovery showing perivascular
monenuctear inflammatory cellular aggregation (MNC), (x400).

Egypt . J. Biophys. Biomed . Engng. Vol .5, No. 2-3 (2004)
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During recovery, the samples showed nearly simiar lesions to that noticed
immediately afier 6"’3”‘051‘11. However, these lesions appeared severe and

represented by blood v 5 congestion, perivascular hemorrhage, edema and
mo*wwc}eur celiular infliteration. Moreover, local area of encephaomalacia and

demylination were aiso obhserved.
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Discusszion

Microwave radiation has been implicated in many
begetting humans and laboratory animals. The primary
energy on living tissue was thought to be due to an m
although non-thermal effects have now also been
due 10 total bedy exposure’ . physiological ' bioc
after low level microwave exposure have been reported.

Transient functional changes referabie to the central nervous systerm (CNS)
have reported following “long term low level” (< {0 1 Viern®) microwave
exposure. Some reports describe non-thermal or "speczf"c’ MW gffects at the
molecular and cellufar level '

The results of the present investigatio on showed that long term-low level
microwave fields alter distinct aspects of the brain's electrical activity as well as
brain histology. This effect appears to be due to that 1\1\  tield exposure may
provide means 1o syatemamaﬂy alter the pattern ECoG activity and bran

: : 141,(10.9}
structure and function in consistent with'™”,

The obtained normal LQQG patem results indicated S-waveforms in
frequency rahga of }-4Hz simiiar to that known for anesthetized ang sicep EE
waveforms" . On exp(}\;; g the amimal head to long term--low power microwave

a
radiations from the MS, MT & MP, all of the recorded ECoG nmen %@ﬁ:f*u Y
marked increase in :

F, A & L % values accompanied by
regularity N%. These variations in the ECoG
significant with increasing the time of microwave

maximum variations in case of mobile phone (MP) exposu
tme for recovery.

22

The recovery results indicated that R % & L% incres
but their values were sl than \hp conirol ones. v of
stopping exposure. the approached o control

value whereas ¥ shiowed son rery but still s fer than conirol,

Histelogical examinatio
that microwave of low inte
irritant hln wn ;}M

e exposed animals indicated
1ErT SXPOSUre act as an
ssue, represen ted by
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blood vessels walls leading to an increase n their permeability todowcd by
hemorrhage. These finding are in agreement with those reported with"*'® who
showed that weak microwave radiation give rise to a significant leakage of
albumin through the blood-brain barrier and this pathological leakage could be
combined with damage to neurons in both the cortex, the hippocampus and the
basal gangalia of exposed rats.

The obse ed changeq of the ECoG parameters and brain histology after
MICTOWAVE EXPO , can be attributed to some sort of non-specific stress created
at Jow intensity microwave field and not as a resuit of the indirect thermal effect
{as noticed by Sdrka eral "N Ttis k ighly likely that at the power level used in
these experiments, the microwave m\,rgy could not be converted into thermal
energy and raise the body temperature of the treated animal significantly. The
used microwave radiation could produce other effects and detectable changes can
arise when the effect of the electric field, within the exposed biological system.
is not masked by thermal noise that arouse from the fact that all objects possess
at temperature above absolute zero. So. all components of biological tissue-ions,
molecules and celis- are in constant moiion and the average value of their
thermal energy will be = KT where K is Boltzman's constant = 86peV/°C and T
is the absolute temperature. i.e. thermal energy= 26 meV which is much larger
than the energy produced by the field (~ueV) and any effect of the field will be
masked by the thermal noise. However, there was a special case in which the
biological system was resonantly sensitive ar a certain frequency and rather
insensitive to others. The work of Pilla¥", indicated the existence of a

achanism of interaction of weak elect romagnaic fields with biological systems
wnh 10 accomp-anying cell heating whereas”' have reported that non-thermal
levels of microwaves, showed resonance absorption in the frequency range of 1-
12 GHz whach s consistent with the range used in this work. Anderson and
Joyner™' have measured maximum temperature rise of 0.034°C, for a local
SAK of U.83, i a phantom head exposed to microwave transimissions from a
hand - held phone.

Lai"® reported that low power microwave radiation induced non-thermal
effects and that movement of calcium ions in brain tissue was changed Since
calcium ions conirel many brain and cell funcrons including the release and
receptor function of neurotransmitters, any change in thewr ﬁmcnonmg could
significantly affect brain activity and health.

The correspondence between functional state of the organism and ci‘aaramer
of the ECot5 recording may lead to interpretation of the functional consequence
of changes m ﬂ character of spontaneous activity as a resuli of exposure ©

MW, Preece™’ and Koivisto ef ai"‘zd’;’, reported that MW at cell phene

frequencies speeded the rate at which humans responded to tasks (reaction time

The higher the power from the cell phone signal, the faster the response time,

Egyp:  J. Biophys. Biomed . Engng. Voi 5, No. 2.3 12004}
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indicating the cell phone signal is not biologically neutral but can affect the
brain activity. Moreover™, et al., reported that microwave exposure from a
GSM base station enhanced chemical mutagen and chromosome aberration in
brain tissues.

Biological effects of the mobile phone microwave radiation were shown to
depend mainly on many factors: the duration of the irradiation, individual
characteristics of the CNS, and immune systems and others®'”. The cellular
phone microwave irradiation can induce reversible unspecific adaptive responses
if it is short and the organism is very radiosensitive, A long term exposure
combined with the organism weakened immune system may produce a
cumulative effect in the form of stress responses, various damages and in some
cases, even cancer”, The ultimate result after microwave exposure depends on
the balance between induced damage and the organism reparative ability.

Mobile phones emit a pulsed high frequency electromagnetic wave which
may penetrate the scalp and the skull. In these communication systems operating
within the frequency range 900-1100MHz, there is a concern that as a transceiver
is brought close to the head there may be non-thermal insult produced by power
deposition 1in tissue. This deposition can be quantified by the specific absorption
rate, SAR. Guidelines have been issued®”, expressing restrictions on exposure to
high frequency electromagnetic fields of localized SAR which is defined as

a2l
P

Where ¢ is the electrical conductivity, p is the tissue density and E is the peak
electric field.

Energy is preferentially absorbed in the high conductivity tissues such as the
eye, the brain and muscle. The deposition from close-coupled antenna occurs
mainly in the superficial structure of the head. Although bone has low
conductivity resulting in low power deposition in the skull, there is some
penetration into the brain through the skull®. Subcortical regions may contain
the most sensitive structures to electromagnetic fields and this interpretation is
supported by preliminary results of computer simulations of the distribution of
the SAR of the electromagnetic fields in the brain®. An additional maximum in
the SAR distribution was found in the subcortical regions indicating that
exposure to microwave radiation in the mobile phone range has an effect on
brain ECoG activity and so the brain physiology and histology. This effect would
be commutative on repeated exposure to the radiation. Prolonged long term, low
power microwave exposure leads to the conclusion about possible adverse
effects on human health.

Egypt . J. Biophys. Biomed . Engng. Vol .5, No. 2-3 (2004)



164 AM. SALLAM et al.

References

1. Stuchley, M.A., Biological effects of radiofrequency fields In: M.H. Repacholi (Ed.),
Non-ionizing rad., Physical characterization, Biological Effects and Health Hazards

Assessment, Proc. of the international non-ionizing rad., Workshop, Melboume, PP.
197-217 (1988),

2. Garaj Vrhrovac V., Micronucleus assay and lymphocyte mitotic activity in risk
assessment of occupational exposure to microwave radiation. Chemosphere, 39, 13,
2301 (1999).

3. Slesin, L., Swedish study on use of cellular and cordless telephones and the risk for
brain tumors, Conference on Mobile Telephones and Heglth, London june 6 (2001).

4. Lai, H. and Singh, N.P., Acute low-intensity microwave exposure increase DNA
single strand breaks in rat brain cells. Bioelectromagnetics, 6, 207 (1995).

5. Lai, H. and Singh, N.P., Melatonin and a spin-trap compound block radiofrequency
clectromagnetic radiation-induced DNA strand breaks in rat brain cells
Bioelectromagnetics, 18, 446 (1996).

6. Phillips, er al, DNA damage in molt-4 lymphoblastoid cells exposed to cellular
telephone fields in vitro. Bioelectro-chemistry and Bioenergetics, 45, 103 (1998).

7. Malyapa, R.S., Ahern, E.W. and Straube, W.L., Mcasurcment of DNA damage after
exposure to 2450 MHz electromagnetic radiation. Radiat. Res. 148, 608 (1997).

8. Lai, H., Neurological effects of radiofrequency electro-magnetic radiation relating to
wireless communication technology, IBC-UK Conference, Sept. 1997 in Brussels,
Belgium (1997).

9. Eulitze, C., Ull sperger, P., Freude, G. & Elbert, T., Mobile phones modulate
response patterns of human brain activity Neuroreport., Oct. 5, 9(14), 3229 (1998).

10. Borbely, A.A., Huber, R., Graf, T., Fuchs, B., Gallman, E. and Achermann, P.,
Pulsed high frequency electromagnetic field effects on human sleep
electroencephalogram, Neurosci. Letters, 275, 3, 207 (1999).

11. McMeeken and Bell, Microwave irradiation of human forearm and hand.
Physiotherapy theory and practice, 6, 171 (1990).

12. Drury, R.A.B. and Walligton, E.A., "Carleton's Histological Technique", 5" Ed.,
Oxford University Press, New York, P37 (1984).

13. Kanjilwar, K.K, and Behari, J., Effect of amplitude-modulated radiofrequency
radiation on cholinergic system of developing rats. Brain Res, (1992).

14. Lu, S.T., Lebda, N.A, Lu, S.J,, Pettit, S. and Michaelson, Effects of microwave on
three different strains of rats, Radiat. Res., 110, 173 (1987).

Egypt . J. Biophys. Biomed . Engng. Vol .5, No. 2-3 (2004)



FUNCTIONAL AND DESTRUCTIVE EFFECTS OF MICROWAVE 165

15. Ray, S. and Behari, J., Physiological changes in rats after exposure to low levels of
microwave, Radiat. Res., 123, 199 (1990).

16. Lai, H.,, Neurological effects of radiofrequency electro-magnetic radiation In
"Advances in Electromagnetic Fields In Living Systems". Plenum Press, New York
H994).

17 Bimpson, J.A. and Fich, W., "Applied Neurophysiology,” Wright London, p 147
(1988).

18. Salford, L.G, Brun, A.E., Eberhardt, J.L. et al, Nerve cell damage in mammalian
brain after exposure to microwaves from GSM mobile phones, J. National Institute
Environmental Health Sciences (2000).

19. Sarkar, S., Ali, S. and Behari, J., Effect o low power microwave on thé¢ mouse
genome: 4 direct DNA analysis (1994).

20. Pilla, A.A., low frequency electromagnetic induction of electro-chemical information
at living cell membrane: a new tool for the study and modulation of the kinetics of
cell function, in national radio Science Meeting , Bioelectromagnetics symposium,
Seattle, WA, 1979 p. 393 (1979).

21. Davis, C.C and Swicord, M.L, Microwave absorption of DNA between 7 and 12
GHz, Biopolymers, 21,2953 (1982).

22. -Anderson, V. and Jayner, Specific absorption rate levels measured in a phantom
head exposed to radiofrequency transmission from analog hand-held mobile phones.
Bioelectromagnetics, 16, 60 (1995).

23. Preece, A.W., Mobile phones and human heads. Neuro Repor: 2, 11 (2000).

24. Koivisto, M., Revensuo, A., Krause, C., Effects of 902 MHz electromagnetic field
emitted by cellular telephones on response times in humans. Cognitive Neuroscience
and Neuro-psychology in neuroReport, 11, 2 (2000).

25. Maes, A., collier, M., Slaets, D. and Verschaeve, 954 MHz microwaves enhance the
mutagenic properties of mitomycin C. Environ. Mol. Mutagen., 28, 26 (1996).

26. Galeev-Al., Effects of the microwave radiation from the cellular phones on human
and animals. Ross — Fiziol - ZH — Im — I =M - Sechenova,84(11), 1293 (1988).

27. IEEE Standard for safety levels with respect to human exposure to
radiofrequency electromagnetic fields., 3 KHz-300GHz The Institute of Electrical
and Electronics Engineers, Inc., New York (1992).

28. Dimbylow, P.J. and Mann, S.M, SAR calculations in an anatomically realistic model
of the head for mobile communication transceivers at 900MHz and 1.8 GHz, Phys.
Med. Biol., 39, 1537 (1994).

(Received 29/10/2003;
accepted 18/12/2004)

Egypt . J. Biophys. Biomed . Engng. Vol .5, No. 2-3 (2004)



LAY 8 & oAl ARA op oo f
PO A0 DAL LA o &

Linnll Mo | o Wl g
Looad, 8me gt iy X
s i o pasi Rl

: Yl

W

TN Ao sl
Lok e 2 d 2 E AL gzt
et PiBed 3 5h e b s § 3083

Sl g semd eald

;.Lg;i.s

Al Aals e dgbes

P S B T I TR A
8 . Sy by s g
5 b g 22 32 a LBad o8

bl B adal Saiedi g 4




