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ABSTRACT

) HUCRESEL TELEFON FREKANSLI ELEKTROMANYETIK RADYASYON
SOGURULMASI ARASTIRMALARI ICIN INSAN BEYIN DOKUSU FANTOM MODELI

There is a necessity of tissue equivalent (phantom) models in research of
electromagnetic (EM) effects in biologic tissues. Recently, many kinds of tissue
models depend on the different aim were proposed. So many studies were carried
on the interaction of human-head and cellular phone. The most of them are related
to numerical models. Owing to difficulty of study on human body, simulation of
human tissues is required. In this study two different, for 900MHz and for
1800MHz, brain equivalent tissues have been prepared and their electrical features
were evaluated by taking into consideration of mixing rates.
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OZET

Biyolojik dokularda elektromanyetik (EM) etkilerin arastirilmasi i¢in doku
esdeger modellerine gereksinim duyulmaktadir. Son zamanlarda bu amagla
degisik arastirmalara yonelik doku modelleri dnerilmektedir. Cep telefonlar1 ve
insan kafas1 etkilesimi {izerine ¢ok fazla arastirma yapilmaktadir. Bu
arastirmalarin  ¢ogunlugu sayisal model c¢alismalarindan olusmaktadir. Insan
tizerinde deneysel ¢alismalarin zor olmasi nedeniyle biyolojik dokularin simiile
edilmesi gerekmektedir. Bu calismada 900MHz ve 1800MHz i¢in iki ayr1 beyin
esdeger dokusu hazirlanmis ve karisim oranlart dikkate alinarak elektriksel
Ozellikleri belirlenmistir.

Anahtar Kelimeler: Beyin esdeger dokusu, RF sogurulma, GSM, Fantom model

1.GIRiS

EM alanlara maruz kalan insan dokusu iizerinde
deneysel caligmalarin yapilmasi imkansizdir. Deneysel
caligmalar  genellikle hayvan denekler iizerinde
siirdiiriilmekte ve sonuglar insanlar igin
yorumlanmaktadir. Ancak bu sekilde insanlar i¢in varilan
sonuglar genellikle dolayli bilgiler icermektedir. Bu
nedenle, EM alanlara maruz kalan insan dokularinda
beklenen termal etkilerin analizi i¢in doku esdeger
stvilarinin hazirlanmast nemli bir yaklagim olarak kabul
edilmektedir. Esdeger siv1 elektriksel 6zellikleri, dielektrik
sabit ve iletkenlik bakimindan biyolojik doku ile uyumlu
olmalidir.

Biyolojik doku igerisindeki EM alan dagilimi, doku
elektriksel ozelliklerine (dielektrik sabit ve iletkenlik)
baglidir. Elektrik alanin maddelerle girisimi

1. INTRODUCTION

The experimental studies on human tissue exposed to
EM fields are impossible. The experimental studies
continue on laboratory animals and the results are
explained for humans. But the explained results for
humans include indirect knowledge. Because of this
reason, preparing the tissue equivalent liquids to analyze
expected thermal effects in human tissues exposed to EM
fields is accepted as an important approach. The electrical
properties of the equivalent liquid comply with biological
tissue, aspect of conductivity and permittivity.

EM fields distribution in biological tissue depend on
electrical properties of the tissue (conductivity and
permittivity). The Interference between electric field and
materials explains through complex permittivity,
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g =¢ - j&‘”, kompleks dielektrik sabit vasitasiyla

tanimlanir. Burada, €' dielektrik sabit ve &” ise kayip
faktoriidiir. €' elektrik alan enerjisini depolayabilmenin bir
oOlciisiidiir. €” ise Hertz basina materyaldeki enerji kaybini
tanimlar. Daha ¢ok kullanilan diger bir ifade ise bagil
dielektrik sabiti ifadesidir. Bagil dielektrik sabit, dielektrik
sabitin bosluga (vakum) normalize edilmesinden elde
edilir.

*
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factor. €' is a measure of stored electric field energy. &”
describes energy loss per Hertz in a material. The most
common used another term is relative permittivity that is
determined by normalizing the permittivity according to
vacuum.
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Burada ; g, boslugun dielektrik sabitidir ve 8.85 1072
F/m dir. el'=0/we,

I3

Kayip faktort, maddenin

iletkenligi ile iliskilidir. Burada, @=2nf (rad/sn) uygulanan
alanin agisal frekansi, o (S/m) iletkenlik sabitidir.
Elektriksel iletkenlik (o) iyonik iletim nedeni ile olusan
statik elektriksel iletkenlik ve farkli kutuplanabilme
durumundan kaynaklanan elektriksel iletkenlik gibi iki
terimden olusur. Biyolojik dokularin iletkenligi frekansa
ve dielektrik sabitine bagl olarak degisim gosterir.

Maddelerin dielektrik davranislart Debye denklemi ile
belirlenir ve Debye denklemi iki gevseme zaman sabiti ile

* ' .
Er=¢&—J
we,

olarak ifade edilir. Burada iki adet gevseme zaman sabiti

(z,,7,) meveuttur (1, 2). Denklemde &, bagil dielektrik
sabit ve o iletkenlik sabitidir. & yiiksek frekans

bolgesindeki dielektrik
&, t&,—¢&, dc (sifir frekans) i¢in bagil dielektrik

asirt  bagil sabit  ve

sabittir. Bu parametreler, bazi &zel frekanslar igin
Ol¢iilmiis degerlerden, istenen frekans degerleri igin
tiretilebilir. Esitlikte verilen ¢ ,&,,6, ve r,,r,” nin

optimum degerleri yag ve kas i¢in 6l¢iilmiis degerlerden
iteratif yontemler ile elde edilebilir. Diger biitiin dokular
bu iki doku arasi bdlgede bulunur. Bu degerlerin
bilinmesi; dozimetri ¢alismalarinda, insan modellerindeki
hiicre ozelliklerinin  bilinmesi agisindan  6nemlidir.
Elektromanyetik alanlarin dokularla etkilesimine yonelik
teorik ve deneysel arastirmalar i¢in, dokularin elektriksel
ozelliklerinin bilinmesi gerekmektedir. Debye denklemi
kullanilarak dokularin elektriksel 6zellikleri belirlenirken
degisik iterasyon yaklagimlari ile farkli degerler elde
edilebilmektedir. Bu sekilde elde edilmis farkli Debye
bagmtilar1 (1, 2, 3)’ de goriilebilir. Kullamlan farkli
niimerik teknikler nedeniyle Debye sabitleri farklilik
gostermektedir. Insan beyin dokusu igin debye sabitleri
€,.=32.5, €,=2064, £,=56.86 ve zaman sabitleri
7, =46.25ns,7, = 0.0907ns (3) olarak almarak bazi

frekanslar ig¢in elektriksel hesaplanmis  ve
Sekil.1’de verilmistir.

sabitler

=&, +

& &

o o
Where; €, is the permittivity of vacuum and equal to

8.85 102 F/m. Loss factor is related to conductivity of
material, & r" =0/ ws o - Where; w=2nf (rad/s) is the

angular frequency of applied field and o (S/m) is
conductivity. Electrical conductivity (o) is formed by two
term of static electrical conductivity that occurs because of
ionic transmission and electrical conductivity that occurs
because of different polarization. The conductivity of
biological tissues depends on permittivity and frequency.

Dielectric characteristic of materials is determined by
Debye equation that is consist of two relaxation time
constant as

Es1 ~bw + €52 — €0
1+ jor, 1+ jor,

(2]

Where 7,7, are relaxation time constants. &, is relative

permittivity and o is conductivity. &, is extreme

relative permittivity on the high frequencies side, and

EgtTE,— &, is relative permittivity for dc (zero
frequency). These parameters can be obtained for desired
frequencies using the values that were measured for some

special frequencies. Optimum values of ¢ &, and

7,,7, used in equation [2] can be determined by iterative

methods using measured values for muscle and fat. All
other tissues exist in the region that is between these two
tissues. To know these values is important to determine
the cell properties in human models in dosimetry studies.
Knowing the electrical properties of tissues are required
for the experimental and theoretical studies on interference
between electromagnetic fields and tissues. While
determining the electrical properties of tissues using
Debye equation, different values can be obtained for
different iteration approaches. Such obtained different
Debye equations can be seen in (1,2,3). Debye constants
are different because of wusing different numerical
techniques. Choosing Debye constants as ¢€,=32.5,
€,=2064, £,=56.86 and time constants as
7, = 46.25ns,7, = 0.0907ns (3) for human brain tissue, the

electrical constants for some frequencies have been
calculated and given in Figure 1.
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Figure 1. Brain tissue electrical properties versus choosing frequencies a)permittivity, b)conductivity
Sekil 1. Beyin dokusu elektriksel sabitlerinin segilmis frekanslar igin degisimi a)dielektrik sabit, b)iletkenlik sabiti

Insan beyin dokusu elektriksel ozellikleri, literatiir
verilerine gore ilgili frekanslar i¢in Tablo.1’de verilmistir.
Tablo.1’den de goriildigii gibi esdeger dokularin
elektriksel 6zellikleri birbirinden farklilik gostermektedir.

Electrical properties of human brain tissue available in
literature are presented in Tablel for related frequencies.
As shown in Table 1, Electrical properties of equivalent
tissues differ.

Table 1. Comparing the electrical properties of the used brain tissue equivalent models for different frequencies
Tablo 1. Farkl: frekanslarda kullanilan beyin dokusu esdeger modelleri elektriksel 6zelliklerinin karsilastirilmasi

Frequency/ Frekans | &' 6 (S/m) | Reference/ Referans | Explanation/ Agiklama

g4(1)\ o 53+1 | 1.4+0.1 | (13) Equivalent Liquid/ Esdeger Siv1
900 43.1 0.83 (17) Equivalent Liquid/ Esdeger Sivi
835 429 109 (10) Equivalent Liquid/ Esdeger Sivi
900 412 | 122 (10) Equivalent Liquid/ Esdeger Sivi
900 435 109 (14) Equivalent Liquid/ Esdeger Sivi
1800 458 |0.77 (14) Equivalent Liquid/ Esdeger Sivi
1500 46 1.4 (16) Theoretical/ Teorik

900 52.7 1.05 (15) Theoretical/ Teorik

1900 46 1.65 (15) Theoretical/ Teorik

2. BiYOLOJIiK DOKU ESDEGER SIVILARININ
OLUSTURULMASI

EM dozimetri ve hipertermi ¢aligmalari i¢in insanlar
lizerinde deneysel ¢aligmalarin imkansizligi nedeniyle,
insan biyolojilerine ait dokularin esdeger karigimlarinin
elde edilmesi gerekir. Bu amagla gerekli olan doku
esdeger materyalleri bazi  kimyasal maddelerin
karigimindan elde edilebilmektedir. Dielektrik sabit ve
esdeger iletkenlik frekansa bagl olarak degisim gosterir.
Dielektrik sabit frekansa bagli olarak azalirken iletkenlik
artar. Dokularin dielektrik 6zellikleri ile ilgili ¢alismalara
yaklasik 50 yildan beri devam edilmektedir (4, 5). Veriler

2. FORMING OF THE BIOLOGICAL TISSUE
EQUIVALENT LIQUIDS

Forming of equivalent liquids of human biological
tissues is required for electromagnetic dosimetry and
hyperthermia studies, because the experimental studies on
humans are impossible. Required tissue equivalent
materials can be obtained using mixtures of some
chemical materials. Permittivity and equivalent
conductivity change depending on frequency. While
permittivity  decreases  depending on  frequency,
conductivity increases. Dielectric properties of tissues
have been studied since fifty years (4, 5). Data
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6l¢lim yontemi ve sicaklik gibi birgok parametreye bagl
olarak oldukga degisim gostermektedir. Doku dielektrik
ozellikleri ile ilgili bilgiler (6, 7, 8) elde edilebilir. Son
zamanlarda dozimetri aragtirmacilarinin ¢ogu Gabriel (7)
tarafindan olugturulmus verileri kullanmaktadir.

Testler i¢in kullanilacak doku modeller cihaz ¢alisma
frekansma yaklasik olmalidir. Viicut dokulart su igerme
oranlarina goére smiflandirtlirlar. Kas, deri gibi yiiksek —su
iceren dokular, yag, kemik ve kafatasi gibi diisiik-su iceren
dokulara gore RF enerjiyi daha fazla sogururlar. RF ve
Mikro dalga frekanslarda dokularin elektriksel 6zellikleri
yaklasik 37 °C olan viicut sicakliginda dielektrik sabitleri
ve iletkenlikleri ile karakterize edilirler. Bu doku
parametreleri sicakliga hassastirlar. Yiiksek-su igeren
dokularda dielektrik sabit yaklasik 0.5%/°C oraninda
azalirken iletkenlik de yaklasik 2%/°C oraninda artar (9).
SAR arastirmalarinda kullanilan esdeger dokular genel
olarak benzerdirler. Bu dokular genellikle oda sicakliginda
esdeger doku ozellikleri ile hazirlanirlar. Beyin ve kas
gibi yiiksek su iceren dokularmn esdeger karigimlarin
hazirlamak i¢in birkag temel yontem bulunmaktadir.
Bunlardan biri, opak jel seklindeki esdeger doku karigimu
(icerik: su, tuz, polietilen toz ve TX-151 olarak
adlandirilan gelling agent), digeri ise; su, seker, tuz, ve
bilesim  akigkanlig1 ile ilgili olarak  HEC
(hydroxyetheylcellulose) karisimlarindan olusmaktadir.
Biyolojik dokular i¢in fantom sivilarin elde edilmesinde
degisik kimyasal bilesenlerden yararlanilabilmektedir (6,
7,10, 11).

2.1. insan Beyin ve Kas Esdeger Dokusu

Kas dokusu insan viicut yapisinin g¢ogunlugunu
olusturur (10). Kas dokusu esdeger materyalleri daha 6nce
(12) gelistirilmis ancak bu fantom modellerde sonralar
bazi problemler ortaya ¢ikmistir. Karsilagilan ana problem

karisim asamasinda TX-151’in  digiiriilmesi, karigim
bilesenlerinin ayrisimi ve kisa siirede bozulmaya
ugramasidir.  Literatiirde  belirtilen  daha  6nceki

karigimlarda meydana gelen problem TX-151 ile ilgilidir.

Bir ¢ok su temelli karisgimlarin akiskanligini
artirabilmek i¢in HEC (Hydroxyetheylcellulose) kullanilir.
Bu materyal sayesinde genis aralikta akigkanlik elde edilir
ve su ile kolayca karistirilabilir. Karigimin sivilik derecesi
kullanilan ~ Olgim  probunun  hareketini  kolayca
saglayabilmelidir. Bu nedenle gerek sicaklik artisi
Olgtimlerinde gerekse elektrik alan dagilim Glglimlerinde
sivi veya yart sivi karigimlara ihtiyag duyulur. HEC
miktarinin artirilmasiyla elektriksel 6zellikler degismeden
daha yogun karigim elde edilir.

Kas materyallerinin bir diger bileseni ise sodyum
kloriir (Sodium Chloride, NaCI) olup iletkenligi artirmak
icin kullanilir. Seker ise iletkenligi disiirmek igin
kullanilir. Diger bir bilesen olarak kullanilan bakterisid
(bacteriacid), bakteriyel etkilerde polimerin diismesini
onlemek icin kullanilir. Seker, daha 6nceki uygulamalarda
kullanilan polietilen toz’a (powder) gore daha ucuzdur.

Beyin dokusu ozellikleri, kas sistemine benzerdir.
Insan beyninin ¢ogunlugu gri ve beyaz maddeden olusur.
Gri madde beyaz maddeye gore daha biiyiik dielektrik
sabit ve iletkenlige sabittir. Beyin esdeger sivisi bu iki
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considerably shows changes depending on a lot of
parameters as measurement method and temperature. The
knowledge of dielectric properties of tissue is obtainable
(6, 7, 8). Recently, most of the dosimetry researchers use
the data formed by Gabriel (7).

Tissue models used for tests must be approximate
device operation frequency. Body tissues are classified by
the rate of included water. The tissues that have high water
rate as muscle and skin absorb RF energy more than the
tissues that have low water rate as fat, bone and cranium.
The electrical properties of tissues in RF and microwave
frequencies are characterized by permittivity and
conductivity at the body temperature that is approximately
37 °C. These tissue parameters are sensitive to
temperature. While permittivity decreases to about
0.5%/°C rate in the tissues that have high water level,
conductivity increases to about 2%/°C rate (9). Equivalent
tissues used SAR investigations are generally similar.
These tissues are prepared by equivalent tissue properties
at the room temperature. There are several methods to
prepare equivalent mixturesof the tissues that have high
water rate as brain and muscle. One is equivalent tissue
mixture that is like opaque jell (includes: water, salt,
polyethylene powder and gelling agent named TX-151)
and second is formed by mixture of water, sugar, salt and
HEC (hydroxyetheylcellulose) that is related to fluidity of
compound. Obtaining the phantom liquids for biological
tissues can be used different chemical compounds (6, 7,
10, 11).

2.1. The Equivalent Tissue of Human Brain and
Muscle

Muscle tissue forms most of the human body (10).
Muscle tissue equivalent materials are developed
beforehand and some problems reveal in these phantom
models afterwards. The main problems are decreasing TX-
151 in the mixture phase, separation of the
mixturecomponents and decaying in short time. The
problems that occur in former mixtures explained in
literature are related to TX-151.

To increase fluidity of a lot of water based mixture is
used HEC (Hydroxyetheylcellulose). This material
provide fluidity in a large range and it easily mix with
water. Fluidity level of the mixture must enable easily
moving of the used measurement probe. Because of this
reason, liquid or semi-liquid mixtures are required for
temperature rise and distribution of electric field
measurements. More intensive mixtures are obtained
without changing of electrical properties, when amount of
HEC increases.

Another component of muscle materials is Sodium
Chloride (NaCI) that is used to increase conductivity.
Sugar is used to decrease conductivity. Bacteriacid used as
another component is used to prevent decreasing polymer
in bacterial effects. Sugar is cheaper than polyethylene
powder used in prior applications.

The properties of brain tissue are similar to muscle
system. Most of human brain is formed by white and grey
materials. Grey material has bigger permittivity and
conductivity than white material. Brain equivalent liquid
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madde elektriksel ozelliklerinin ortalamasini yansitacak
sekilde belirlenmelidir. Hazirlanan materyallerin dielektrik
ozellikleri  istenen  degerlere  degistirilebilmelidir.
Genellikle NaCI madde iletkenligini etkiler. Su miktar
daha ¢ok dielektrik {izerinde etkilidir. Bu iki maddenin
sinirlandirilmasi birbirinden bagimsizdir.

3. BEYIN ESDEGER DOKUSU KARISIMLARININ
HAZIRLANMASI

Biyolojik dokulara “benzeyen” esdeger karigimlarin
hazirlanmast 6nemli bir konudur. Karigimlar, uygun
bigimde Siileyman Demirel Universitesi Tip Fakiiltesi
Biyokimya Laboratuarinda hazirlanmistir. Karigimlarim
hazirlanmasinda izlenen yontem asagida verilmistir.

1.Yiizde (%) agirlik oranlar1 “SCALTEK SPB 33” hassas
terazisi ile bir sekilde hazirlandi.

2. Su, 1s1tma ve otomatik karistirma islemlerini yapabilen
6zel “MK 418” cihazi ile 40°C a kadar 1s1t1ld1.

3. Su karnigtirilirken bakteri asit ve tuz ilave edildi.
4. Daha sonra seker ilave edildi.

5. Soliisyondaki hava kabarciklar1 en aza ininceye kadar
karigtirma islemine devam edildi.

6. Daha sonra karisima HEC ilave edildi.
7. Isitma iglemine son verildi.
8. Karigim incelinceye kadar karistirma stirdiiriildii.

9. Son olarak, oda sicakligina ulagincaya kadar sogumaya
birakildi.

Daha sonra bu sivilar kapakli cam muhafaza siselerine
konarak agizlar1 kapatildi. Boylece elde edilmis olan doku
esdeger karigimi kullanilmadigi siirece su buharlagmasi
kontrol altina alinmig oldu. Bu sekilde elde edilecek doku
fantom modelleri ile EM dozimetride ger¢ekei insan doku
modelleri olusturulabilir. Bu islem, biyo elektromanyetik
konusunda ¢alisan arastirmacilar igin olduk¢a dnemlidir.

Hazirlanan  karisimlarin ~ dielektrik  sabitleri  ve
iletkenlikleri “HP4194A  Impedance/Gain-Phase
Analyser” ile oOlgiilerek belirlenmistir. Bu oranlar ile
gercek degerlere yakin elektriksel 6zellikler elde edilmeye
caligmistir.  Hazirlanan  beyin  esdeger  dokusu
karisimlarinin  uzun siire bozulmadan kullanilabilmesi
amactyla karisimlarda “Bakterisid” kullanilmistir (beyin
esdeger karigiminda, bakteri etkileri nedeniyle dielektrik
sabit ve iletkenlik sabitinde olusabilecek degisimlerin
6nlenmesi amaciyla, 900MHz karisima %0.17 oraninda
Bakterisid ilave edilmistir).

900MHz de beyin dokusu i¢in hazirlanan siviya,
Siileyman Demirel Universitesi Mikro Biyoloji
Laboratuarinda, bakteri {ireme testleri uygulanmistir.
Testler sonucunda, kullanilan Bakterisid nedeniyle beyin
esdeger sivisinda herhangi bakteri {iremedigi tespit
edilmistir. Béylece karisimda hazirlanan sivilarin uzun bir
sire  boyunca elektriksel — ozellikleri  bozulmadan
kullanilabilmesine olanak saglanmistir. Sadece kullanim
sirasinda meydana gelebilecek su buharlagsmalarina dikkat
edilmesi yeterli olacaktir. Kullanim siirelerine bagli su
buharlagsmast olmussa orijinal karigima biraz su ilavesi

must have average of electrical properties of these two
materials. Dielectric properties of the prepared materials
can be reached to desired values. NaCl generally effects
material conductivity. Water rate is more effective on
dielectric. Limiting of these two materials is independent
each other.

3. PREPARATION OF BRAIN-PHANTOMS
(EQUIVALENT-LIQUID MIXTURES)

It is very important issue to prepare equivalent tissues
“resembles” to biological tissues. These liquid mixtures
have been prepared appropriately at Suleyman Demirel
University, Bio-chemical Laboratory of Medicine Faculty.
Traced procedure is given below.

1. First, weight-percentages of matters (mixture ratios)
have been measured by using the “SCALTEK SPB 33~
precise balance.

2. Water has been heated to 40°C by “MK 418” which is
able to heating and mixing automatically.

3. During mixing operation, bacterium-acid and salt have
been added.

4. Then sugar has been added.

5. Mixing operation has been carried on till air-bubbles in
the solution reduced to minimum.

6. And then HEC was added to the mixture.
7. Heating operation was ended.

8. Mixing operation has been carried on till the mixture
was thinned.

9. Finally, it has been left for cooling to room temperature.

After this, these mixtures have been bottled with in the
glass bottles, in order to control the vaporization. So in
the non-using-duration, evaporation is under control. By
using these human tissue phantoms can be made in order
to create the highly realistic tissue models in
electromagnetic dosimetry. This process is very important
for the researchers in bio-electromagnetics.

Dielectric coefficients and conductivity of the prepared
mixtures have been measured and determined by
“HP4194A Impedance/Gain-Phase Analyzer”. By using
these values determined, it is possible to get virtually real
electrical features. For long term wusable mixtures,
bacterium-acid has been added in them ( e.g. in order to
protect it from bacterium effects to dielectric or
conductivity features, 0.17% bacterium-acid must be
added in 900 MHz-brain-equivalent mixture).

Growing test has been applied to the brain equivalent
phantom for 900 MHz in Microbiological Laboratory of
Suleyman Demirel University. Determined no any growth
of bacterium occurs in mixtures. So decided there was a
long duration of using without any change in electrical
parameters for these mixtures. That is enough measure to
careful for evaporation. For a very long time, some water
must be added in original liquid by mixing. Mixing ratios
of the mixtures are given in Table 2 and 3. For 1800 MHz
brain phantom, Diethylene Glycol Butyl Ether (Glycol)
was used in it. By using this chemical matter has provided
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yapilabilir. Su ilavesi karigtirilarak  yapilmalidir.
Hazirlanan esdeger sivi karisimlari ve karisimda kullanilan
maddeler oranlariyla  birlikte Tablo.2 ve 3°de
gosterilmigtir. 1800MHz beyin esdeger karigiminda ise
Diethylene Glycol Butyl Ether (Glycol) kullanilmistir. Bu
kimyasal maddenin kullanilmasi, hem hazirlama hem de
bu frekansta istenen elektriksel degerlerin elde edilmesi
acisindan oldukca kolaylik saglamigtir. Fakat burada da
buharlagsmaya dikkat edilmelidir.

G.U. J. Sci., 18(2):193-200 (2005)/ Siikrii OZEN*, Halis KOYLU

an easy method in preparation and for getting electrical
parameters in the frequency desired however evaporation
is a critical factor also.

Table 2. Brain equivalent mixture and chemical matter ratio in it in 900 MHz
Tablo 2. 900MHz i¢in hazirlanan beyin esdeger sivi karisimi ve karisimda kullanilan kimyasal madde oranlari

. Frequency/ Water/ Sugar/ Salt/ . ..
Tissue/ Frekans Su Seker Tuz HEC Bac?erlgm— Dielectric Constant/ anductn{ny/
Doku (MHz) (%) %) %) Acid (%) Dielektrik Sabit Tletkenlik
Brain/ 900 4355 | 5466 | 0.72 0.90 0.17 44.0 0.92
Beyin

Table 3. Brain equivalent mixture and chemical matter ratio in it in 1800 MHz
Tablo 3. 1800MHz i¢in hazirlanan beyin esdeger sivi karigimi ve karisimda kullanilan kimyasal madde oranlari
Tissue/ Frequency/ Watfr/ Su Salto/ Tuz Glycol (%) Dielectric Constant/ anducti\(ity/
Doku Frekans (MHz) (%) (%) Dielektrik Sabit Iletkenlik
Brain/
. 1800 54.90 0.18 44.92 40.5 1.4
Beyin

Tablo.2 ve 3’ den gorildigi gibi 900MHz ve
1800MHz EM radyasyonun insan beyin dokusunda
sogurulmasi ve yaratabilecegi termal etkilerin deneysel
olarak incelenebilmesi amaciyla olusturulan esdeger doku
dielektrik ve iletkenlik sabiti, Tablol’ de Ozetlenen
caligmalarla karsilastirildiginda, beyin dokusu elektriksel
sabitleri i¢in, belirlenen karisim oranlarinin yeterli oldugu
goriiliir. Deneysel arastirmalarda, olusturulan esdeger
karigim, arastirmada segilecek metoda gore uygun fantom
yapi igerisine konarak doku igerinde 1s1 artisi, elektrik alan
veya dogrudan SAR &lgmeleri i¢in kullanilabilecektir. Bu
6lgmeler sivinin igine daldirilabilen uygun secilmis 6l¢iim
problar1 ile yapilabilecektir. Bu sekilde yapilacak
6lgmelerde izlenecek yontem igin (18, 19 ) ‘a bakilabilir.

4. SONUCLAR

Literatiirde ¢ok farkli kimyasal karisimlarla doku
simiilasyonlarina rastlanabilmektedir. Burada 900MHz
icin olusturulan beyin dokusu, 6zelliklerinin bozulmadan
uzun bir siire korunmasi ve boylece tekrarli Slgiimlere
olanak vermesi hedeflenmigtir. Bu amagla karisimda
kullanilan kimyasallar 6zel secilmis ve genis katilimli
disiplinler arast bir c¢aligma yapilmistir. Kullanilan
bakterisid sayesinde doku o&zelliklerinin yaklasik bir yil
gibi Onemli bir siire korunabilecegi yapilan laboratuar
caligmalart ile tespit edilmistir. I800MHz esdeger karigimu
ise oldukca pratik ve daha ekonomik olmasi bakimindan
onemlidir. Ancak buharlagmanin daha etkili olmasi
nedeniyle kisa siireli aragtirmalar i¢in Onerilebilir. Boylece
son zamanlarda c¢ok fazla arastirilan konular arasinda
bulunan, 900MHz ve 1800MHz haberlesme frekanslarinin
insan kafasindaki etkilerinin arastirilmasma yonelik iki
farkl esdeger doku modeli 6nerilmistir. Ilgili frekanslarda,

The values in Table 2 and 3 (in the prepared
phantoms), for the aim of experimental studies on EM
radiation, absorption and the thermal effects of 900 MHz
and 1800 MHz, have almost the original tissues do. By
comparing these results with the studies summarized in
Table 1, it can be understood that obtained electrical
features are enough. In an experimental study, according
to the methodology, this mixture can be put in an
appropriate structure, so heat rise in a tissue, SAR, or
electric field can be measured and analyzed. Such
measurements need also special immersible probes. The
detailed methodology and procedure can be found in (18,
19).

4. CONCLUSIONS

There are so many tissue simulations with different
chemical matters we met in literature. The aim of this
study is to obtain brain-tissue-phantom that can be used
for a long time for 900 MHz so it is possible to make
repeatable experiments. Chemicals were chosen carefully
and a multidisciplinary study was aimed. Since using
bacterium-acid, it is fact that by the tests in laboratory,
tissue features can be protected nearly one year. Mixture
for 1800 MHz is important in view of being practically
and economically. But it is recommended for only short-
term applications for more effective of its evaporation. So
in the most using frequencies of telecommunication,
recommended phantoms have got. Especially for the
human head, two different tissue models have been
created. In interested frequencies, these models can be
used in EM energy absorption (E field and SAR) and on
research of thermal effects (heat rise). For other
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insan beyin dokusunda EM enerji sogurulmasi (Elektrik
alan veya SAR) ve termal etkilerin (sicaklik artist)
arastirilmasi ¢aligmalarinda kullanilabilir. Diger frekanslar
icin karistim oranlarmin  ayarlanmasi ile elektriksel
ozellikler belirlenebilir. Farkli frekanslar igin karigim
oranlarinin  basitce  belirlenebilecegi  c¢aligmalarin
stirdiiriilmesi, EM etki arastirmacilari i¢in biiyiik kolaylik

frequencies, mixing ratios can be changed. For different
frequencies, studies on the determinations of ratios must
be carried on. This is very important for researchers of EM
effects.

saglayacaktir.
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