G.U. Fen Bilimleri Dergisi ISSN 1303-9709 G.U. Journal of Science
17(3): 127-132 (2004) 17(3):127-132 (2004)

EXPERIMENTAL DETERMINATION of HEAT RISE and SAR OCCURRED by 900 MHz EM
RADIATION ON HUMAN BRAIN by USING BRAIN PHANTOM MODEL

Siikriit OZEN*, A. Siikrii ONURAL
Akdeniz University, Engineering Faculty, Department of Electrical Engineering,
Antalya, Turkey
e-mail: sukruozen@akdeniz.edu.tr , aonural@akdeniz.edu.tr

Seleuk COMLEKCI
Suleyman Demirel University, Dept. of Electronics and Communication Engineering, Isparta, Turkey
e-mail: scom@mmf.sdu.edu.tr

Osman CEREZCI
Sakarya University, Dept. of Electrical and Electronic Engineering, Adapazari, Turkey
e-mail: cerezci@sakarya.edu.tr

ABSTRACT

In this study, heat rise in brain tissue on 900 MHz radiation has been
investigated by using phantom model of human brain. Brain equivalent tissue, by
considering various exposure possibilities at 900 MHz has been exposed to RFR
(Radio Frequency Radiation) at certain periods. When RFR were used, results of
heat rise have been logged to computer. Eventually, for human head exposed to
900 MHz cellular phone, expected thermal effects caused by absorbed EM energy
was examined by using model.
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900MHz EM ISINIMIN iNSAN BEYNINDE OLUSTURDUGU SICAKLIK ARTISININ ve
OSO’NUN BEYIN ESDEGER MODELi KULLANARAK DENEYSEL OLARAK
BELIiRLENMESI

OZET

Bu calismada, 900MHz frekanshi elektromanyetik (EM) 1smmmin insan beyin
dokusunda olugturdugu sicaklik artist, beyin dokusu fantom modeli kullanilarak
aragtirllmistir. Beyin esdeger dokusu, 900 MHz frekanslarinda farkli maruz kalma
olasiliklar1 dikkate alinarak belirli siirelerde radyo frekansli isinima (RFI) maruz
birakilmistir. Beyin dokusunda olusan sicaklik artig1 6lgiilerek bilgisayar ortamina
aktarilmistir. Boylece 900 MHz cep teflonlarina maruz kalan insan kafasi igin
beyin dokusunda olugmasi beklenen termal etkiler ve sogurulan EM enerji model
kullanilarak incelenmistir.

Anahtar Sozciikler: RF1, Cep Telefonu, Insan Beyin Dokusu, Sicaklik Artist, OSO
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1.GiRiS

Elde tagimabilen telefonlarin yaygin olarak kullanilmaya
baglanmasindan Once insan kafasina ¢ok yakin olarak
kullanilan  elektromanyetik ~ (EM) alan  kaynagi
bulunmamaktaydi. Boylece cep telefonlarmin son
yillardaki yaygin kullanimina bagl olarak, radyo frekansa
(RF) maruz kalma sonucunda olusabilecek olas1 biyolojik
etkilerin arastirilmasi 6nem kazanmugtir.

RF alanlara maruz kalma sonucu kabul edilen temel
biyolojik risk dokuda olusan sicaklik artigidir (1,2). Bu
yaygin kabule dayali olarak RF 1sinima karsi, telefon
kullanicilarim1  korumak amaciyla giivenlik limitleri
hazirlanmistir (3,4).

Cep telefonlart i¢in EM etkilesimde kabul edilen temel
biiyiiklik OSO (6zgiil sogurulma orami) veya insan
kafasinda doku tarafindan sogurulan EM enerjinin neden
oldugu sicaklik artigidir (2). EM arastirmalarda insan
viicudunda OSO’yu direkt olarak 6lgmek oldukca zordur.
Bu nedenle, biyo elektromanyetik konusundaki
aragtirmalarda  sayisal insan modellerine dayanan
bilgisayar veya dokularm fantom modellerine dayanan
deneysel simiilasyonlarina yonelmek zorunluluk haline
gelmistir. OSO dozimetride 6nemli bir niceliktir. Ciinkii,
0OSO dokuda sogurulan enerjinin tipik bir gdstergesi olan
181 artiginin ve i¢ alanlara bagli dokuda meydana gelen
diger biyolojik etkilerin bir gostergesi olarak tanimlanir.

0S80, doku bzellikleri ve frekansa bagl olarak degisim
gosterir. Biyolojik dokulardaki etkiler, dokunun maruz
kaldigi dis alanlara degil doku icine giren alanlara
baghdir. Insan viicudundaki ve deney hayvanlarindaki
OSO’ nun belirlenmesi biyolojik etkilerin aciklanabilmesi
acisindan son derece 6nemlidir. Sogurulan EM enerjiden
dolay1 olusan 1sinin neden oldugu sicaklik degisimini
6legmek icin bir sicaklik probu kullanilmasi durumunda
dokuda indiiklenen OSO;

1. INTRODUCTION

Before the portable personal communication equipments
were being used widespread, there was scarcely RFR
source close to human head. Related to this usage, recent
years there is growing in research about possible
biological effects of radio frequency exposure.

Basic biological risk at the consequence of the RF
exposure seems heat rise on tissue (1, 2). Depend upon
this common idea, for protecting users, safety limits have
been set against RF radiation (3, 4).

For cellular phones, basic quantity in EM interaction is
SAR (Specific Absorption Rate) or heat rise occurred by
EM energy absorbed in tissue in human head (2). It is not
easy to measure the SAR directly in human body in the
EM studies. So in bio electromagnetic studies, it is
necessity to refer experimental or computer simulations
related to phantom models of tissues. SAR is a crucial
quantity in dosimetry because SAR is defined as a monitor
to biological effects caused by absorbed energy ended as
heat rise.

SAR varies depend on frequency and properties of
tissue. Biological tissues were affected by local fields
(internal fields), not by external fields. It is very important
to determine the SAR values of human and animals in
view of explanation to bio effects. In case of using
temperature probe, in order to measure the heat changing
caused by absorbed EM energy, induced SAR in tissue can
be calculated by

AT

SAR =c— [1]

esitligi ile hesaplanabilir. Burada; AT, At saniyede °C
olarak sicaklik yiikselmesi ve ¢ (j/kg®C) doku (veya
fantom materyal) 1s1 kapasitesidir. Bu yontemde ilgili
zaman periyodunda sicaklik artisinin  dogrusal artis
gostermesi istenir(5). Sicaklik artiglarma bagli 1511 OSO
Ol¢timlerinde, EM enerjiye bagli olarak dokuda olusan
sicaklik artiglart hassas sicaklik olgiim sistemleri ile
oOlgiilebilmektedir. Bu amagla termistor, fiber optik ve 1s1l
kamera sistemleri kullanilmaktadir (6- 9). Bu caligmada
900 MHz cep telefonu frekansli RF 1gimmima maruz kalan
insan beyin dokusunda olusan sicaklik artisi ve OSO,
beyin esdeger doku modeli kullanilarak incelenmistir.

2. EM ISINIMIN jNSAN BEYNINDE
OLUSTURDUGU SICAKLIK

2.1. Deney Diizenegi
Calismada 900 MHz i¢in (2)’de 6nerilen beyin esdeger

At

Where AT is heat rise value in At duration as °C and ¢
(j/kg°C) is the heat capacity of tissue (or phantom
material). It is expected that heat rise seems linear in a
certain period (5). It is a necessity that using a sensitive
temperature measuring system such an investigation. This
system contains thermistor sensor, fiber optic cable and
thermal camera (6-9). In this study, heat rise and SAR in
human brain tissue exposed to 900 MHz, GSM, RF was
investigated by using brain equivalent model.

2. HEAT PRODUCED BY EM RADIATION IN
HUMAN BRAIN

2.1. Experimental Setup
In the beginning, for 900 MHz, brain equivalent liquid



dokusu hazirlanarak kullanilmistir. Insan beyin dokusu
esdeger karisimi %43,55 su, %54,66 seker, %0,72 tuz,
%0,17 bakterisid, %0,9 HEC (Hydroxyetheyl cellulose)
kullanilarak hazirlanmistir. Esdeger doku elektriksel
parametreleri “HP4194A Impedance/Gain-Phase
Analyser” ile Olgiilerek ¢, =44,0 ve 6=0,92(S/m) olarak
tespit edilmistir. Sicaklik artig1 6lglim diizenegi Sekil.1’de
gosterilmistir. Hazirlanan beyin dokusu esdeger sivisi
(10)’da belirtilen bigimde kalinligi 5mm olan ve
40x30x15cm boyutlarinda cam kap (acrylic glass)
igerisine konmustur.
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(phantom) has been prepared, as proposed in (2). Human
brain equivalent mixture contains 3.55% water, 54.66%
glucose, 0.72% sodium chloride, 0.17% bacteriacid, 0.9%
HEC (Hydroxyetheyl cellulose). Electrical parameters of
equivalent tissue was determined by using HP4194A
Impedance/Gain-Phase Analyzer as value of ¢=44.0 and
6=0.92(S/m). Experimental test setup is shown in Fig.1.
Prepared equivalent brain phantom was placed in acrylic
glass cup which dimension is 40x30x15cm and its
thickness is 5 mm as described in (10).
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Figure 1. Setup for measurement of temperature rising in brain equivalent tissue (2)
Sekil 1. Beyin esdeger dokusunda sicaklik artis1 6lgiim diizenegi (2)

Sekil.1’de gosterildigi bigimde beyin esdeger sivist
icerisinde beklenen sicaklik artislar;; antenin esdeger
dokuya olan mesafesi, doku i¢i derinlik, cihaz ¢ikis giicii
ve maruz kalma siiresi gibi parametrelere bagl 6lgiilerek
bilgisayara kaydedilmistir. Clinkii, EM 1smminim dokuda
olusturacagi etkinin, 1giimin frekansina, tasidigi giice,
kaynagin dokuya olan mesafesine, maruz kalma siiresi ve
kosullarma bagli oldugu teorik olarak bilinmektedir.
Olgiimlerde; Pico Technology firmasina ait PT104 (PT-
104 Platinum Resistance Thermometer Data Logger)
Sicaklik 6l¢tim sistemi kullanilmigtir. PT104 sistemi
PT100 sicaklik sensérii ile kullamldigi zaman 0,001 °C
¢ozimiirliige ve 0,01 °C dogruluga sahip olup, prob SE012
Tip PT100 sicaklik probudur. IEC171:1983 standartlarina
uygundur. PTFE kablolu cihazin, kablo boyu 2m, Sicaklik
araligi —50 ile 250 C arasi, dogruluk 0°C da +/- 0.03 °C
dir. Kullanilan RF jenerator 0-4w arasi ¢ikis verebilen ve
850-950 MHz arasinda ayarlanabilen 6zelliktedir.
Olgiimlerde 900 MHz A/2 dipol anten kullanilmustir.

Olgiimler sicakhik degisimi sifira yakin izole kutu
igerisinde yapilmistir. Kutu ig¢i sicaklik degisimi siirekli
dlgiilmiis olup, yaklasik 22 °C +0,2°C degerinde iken
dlgiimler alinmuigtir. Ozellikle yarim dalga dipol anten
isima Ozelligi  dikkate alimdiginda en biiyiik alan
yogunlugunun besleme noktasi dogrultusunda olmast
beklenir. Bu nedenle anten besleme noktasi dogrultusunda
(y-ekseni) doku icerisindeki 1s1 artigi, farkli maruz kalma
olasiliklart gbz 6niinde bulundurularak 6lgiilmiistiir.

As shown in Fig.1, heat rise in brain equivalent tissue
have been measured and stored dependent upon
parameters of distance from antenna, depth of tissue,
power output of RF source, and exposure time. This data is
known that highly dependent upon these parameters
theoretically. Instrumentation has been carried out by
PT104 (PT-104 Platinum Resistance Thermometer Data
Logger, Pico Technology Inc.). The PT104 system’s
resolution is 0.001 °C with PT100 heat sensor and whose
accuracy 0.01 °C. This specification agrees with
IEC171:1983. The device is equipped with 2 m PTFE
cable. Measuring range of the system is (=50 - 250 °C),
Accuracy of it +/- 0.03 °C at 0 °C. RF generator was able
to send 0-4w variable power output at 850-950 MHz. 900
MHz M2 dipole antenna has been connected to out of
generator in this experiment.

Measuring experiments have been carried out in a
specific heat insulated box. Temperature exchange of the
box was nearly about zero. Inlet temperature was stored as
real time during experiments. Heat exchange was
investigated continuously. Approximately at 22 °C +0.2°C,
experiments have been started repeatedly at every time.
Particularly, when focusing on the radiation feature of
half-wave dipole, it is expected that maximum field
intensity may be on the axis of feeding point of antenna.
Thus, taking into consideration to possible different
exposes, heat rise in the phantom on the y-axis was only
measured and stored.
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2.2. Ol¢iim Sonuclan

900 MHz icin probun fantom tabanina olan mesafesi
y=7mm de ortalama 6 dakika maruz kalma siiresinde
Olgiilen sicaklik artisinin dipol antenin dokuya olan
uzakligma (d) bagli degisimi Sekil 2’de verilmistir. Sekil
2’den goriildiigii gibi anten dokudan uzaklastikga doku
icerisinde beklenen 1s1 artigt hizla azalmaktadir. Cok
kiigiik mesafe degisimlerinde bile 1s1 artiginda hizli bir
diisiis gozlenmistir. Bu, EM 1smmim kaynaklarina olan
uzakligin 6nemli bir korunma (giivenlik) faktorii oldugunu
gostermektedir.

2.2. The Results of Measuring

In 900 MHz, with the distance of y=7 mm (from the
basis of phantom to probe), in the average exposure time
of 6 min, measuring heat rise of medium is graphed to the
variation of distance d and it is shown in Fig. 2. It can be
understood from Fig.2 that the greater the distance d, the
smaller the expected heat rise can be produced in the
phantom. Even if the very small variations of d, very sharp
decrease was investigated. This result shows us that
distance from source is an important safe (protection
against EM radiation) factor.
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Figure 2. Heat rise (°C) variation in the phantom, in the exposure time of 6 min, y=7mm, (Power output=1.5W, 900 MHz)
Sekil 2. 900 MHz, 6 dakika maruz kalma siiresinde y=7mm de 6lgiilen sicakli artisinin antenin dokuya olan uzakligina

bagli degisimi (P=1,5w)

Yine 900 MHz de benzer maruz kalma sartlarinda
(y=7mm ve P=3W) antenin doku yiizeyine olan “d”
mesafesine bagli olarak Olgililen sicaklik artiglarinin,
maruz kalma siiresi t’ye bagl degisimleri Olgiilerek Sekil
3’de verilmistir. RF enerji uygulandig1 andan itibaren ilk
anlarda hizl1 bir 1s1 artig1 gézlenirken yaklasik 6-7 dakika
sonra 1s1 artiy hizi yavaslamakta ve kararli hale gegis
baslamaktadir. Olgiimlerde yaklasik 30 dakikanin sonunda
1s1 artiginda kararli hal gézlenmistir. Is1 artis hizinin belirli
bir siire sonunda azaldig1 Sekil 3’de goriilmektedir.

In 900 MHz, in likely exposure conditions (y=7mm and
P=3W) some results were obtained and graphed. These
comparisons of results can be seen in Fig.3. In the
beginning of applying of RF energy, heat rise shows a
steep changing, after 6-7 minutes, changing slows,
eventually steady-state conditions is seen. Approximately
after 30 minutes, exact steady-state condition may remain.
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Figure 3. Heat rise changing related to exposure time in brain equivalent fluid (900 MHz y=7mm)
Sekil 3. 900 MHz y=7mm de beyin esdeger sivida olusan sicaklik artiginin maruz kalma siiresine bagli degisimi

Beyin esdeger dokusundan Olgiilen sicaklik artiglar
kullamlarak, EM enerji sogurulma hiz1 OSO, Esitlik 1 ile
hesaplanmigtir. Farkli maruz kalma durumlarn dikkate
alinarak yapilan hesap sonuglari grafik halinde asagida
sunulmustur. Sekil 4’de 900 MHz de beyin esdeger
dokusunda sogurulan OSO, dipol antenin dokuya olan
uzakligina bagl olarak hesaplanmistir. OSO hesabi, beyin
dokusu 6zgiil 1s1 kapasitesi ¢=4000 (W s/kg °C) alinarak
yaptlmustir.  Olgiilen sicaklik artiglarna bagli olarak
dokuda sogurulan EM enerjinin bir &lgiisii olan OSO
hesaplanarak  belirlenmistir. OSO’nun  bu  sekilde
belirlenmesi, diger OSO belirleme yéntemlerine gore
oldukg¢a pratik ve ekonomiktir.

By using the obtained results of heat rise measure in
brain phantom tissue, SAR values were calculated by
Eq.1. Results of calculation made with taking into
considerations to different cases of exposures were given
graphically in Fig.4. Figure was prepared with the specific
heat capacity of brain tissue is as ¢=4000 (W s/kg °C) in
900 MHz. As like this method of SAR calculation seems
more practically and economical.
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Figure 4. Absorbed SAR values in brain equivalent tissue in 900 MHz (y=1mm, ¢=4000 (W s/kg °C), At=180s, P=1.5w)
Sekil 4. Beyin esdeger dokuda sogurulan OSO’nun 900 MHz icin d mesafesine gore degisimi (y=1mm, ¢c=4000 (W s/kg °C),

At=180s, P=1.5w)

3. SONUCLAR

Olgiim sonuglarina gére RF 1smmima maruz kalan
biyolojik dokuda beklenen 1s1 artist EM alanin yayilma
giicline, frekansina, 1stmim kaynagmin dokuya olan
uzakligia bagl olarak degismektedir. Ayrica 900 MHz
cep telefonu frekanslart i¢in beyin dokusunda olusan
sicaklik artig1 0,1 °C’1 agmamaktadir. Bu agidan 900 MHz
cep telefonlari, uluslar arasi standartlarca termal etki

3. RESULTS

According to the results of measure, expected heat rise
in the tissue exposed to RF energy may varies to the
radiated power of EM, frequency of EM, and distance
between radiated source and tissue. In addition to heat rise
in brain tissue might not exceed 0.1 °C in 900 MHz. From
this view, 900 MHz GSM phones might create less than
1°C (limit of thermal effect according to the international
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bakimindan kabul edilen 1°C ‘nin altinda 1s1 artist
yaratmaktadir. Olgiilen sicaklik artis1 egrileri maruz kalma
zamaninin Ustel fonksiyonlar1 seklindedir. Beyin dokusu
sicaklik artisi, maruz kalma siiresinin ilk 6-7 dakikasinda
hizli bir sekilde yiikselmekte ve daha sonraki siireler i¢in
sicaklik artig1 yiikselme hizi yavaslamaktadir. Yaklagik 30
dakikalik siirede kararli hal sicaklik artisina ulasildigi
gozlenmistir. Elde edilen sonuglar, (11) de verilen beyin
dokusu igin benzer parametrelerin kullanildig1 sayisal
hesap sonuglari ile biiylik bir uyum gostermistir. Bu
caligmada kullanilan modelden yararlanarak esdeger
dokuda sicaklik artisina ilave olarak, gerekli ol¢iim
cihazlarimin temin edilmesi suretiyle OSO ve elektrik alan
Olgtimleri yapilabilir. Benzer ¢aligmalar diger haberlesme
frekanslart ve farkli EM dalga sekilleri i¢in de
tekrarlanabilir. Cep telefonlarmin 1s1l etkilerinin yaninda
diger biyolojik etkilerine yonelik arastirmalarin  da
siirdiiriilmesi ~ gerekmektedir. ~ Ozellikle  cocuklarin
biyolojik yapilar1 ve dielektrik dzellikleri ile ilgili bilgiler
tam alarak aciklanamamistir. Bu nedenle c¢ocuklar

iizerindeki aragtirmalarin  slirdiiriilmesi  son  derece
onemlidir.
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