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ntroduction: The goal of this study was (o investigate the possible modulating effect of
yw-frequency clectromagnetic  fields  with physiotherapeutic parameters on  the
ticrocirculation. A number of papers claim, that specific combinalions of low-level DC
nd AC magnetic fields can cause biologically signilicant etfects. Specific combinations
{ frequencies of these fields evoke these responses fulfilling the theoretical conditions
or classical cyclotron resonance. Calcium ions play an important key role in regulation of
hysiological processes and mediation of interactions of biological systems with external
hysical and chemical factors. It is well known that calcium ions play important roles in
he regulation of vasomotion. Modulation of the microcirculation by external physical
actors such as LF-EMF is a main point for understanding the mechanisms involved in the
nedical application ot these fields.

viaterial and methods: 8-12 week old BALB/c mice were used in this investigation,
mnd a Dorsal Skin-told Chamber (DSC), were surgically implanted 4 days before the
xperiment. [ntravital video-microscopy (with 3CCD-camera, SONY Inc.) measurements
of the vasomotion of micro-blood vessels (diameter between 45 -70 um) in vivo were
pplied. Vasomotion or temporal changes of the blood vessel diameter was measured by
digh-speed Digital Machine Vision System CV-2100 (KEYENCE Inc.), using an edge-
zap detection algorithm (with a sampling time 200 ms). for calculating the outer diameter
of the blood vessels by means of fluorescence-image visualization, after caudal vein
mjection of (50 pl per 25g animal) Fluorescein Isothiocyanate (FITC)-labeled Dextran
150 kDa (FITC-Dextran-150), concentration 2.5%. Experimental set up include three
series of experiments, a Control series: Pre- exposure group. Sham exposure group and
Post-exposure group, Exposure series: (16 and 50 Hz; 20 mT; 10 min). containing Pre-
exposure group, exposure and Post- exposure groups.

Results: In this investigation we used mean blood vessel diameter for each group as a
criteria for microcirculatory activity, demonstrated by blood vessel vasomotion (condition
defined by vasodilatation and vasoconstriction of the blood vessel). The results obtained
by detection of mean diameter of the blood vessel obtained for 10 min period of time,
shows that Control series of experiment do not show signiticant differences between
experimental groups, blood vessel diameter remained without significant (p<0.05)
changes (0.5140.01 pm). The exposure series showed a significant (p<0.05) difference
between pre-exposure mean blood vessel diameter and 10 min post exposure diameter
(10.78+1.88 pum) observed at 16 Hz low frequency electromagnetic field exposure. For
the series exposed to SO0 Hz LF-EMF changes of the mean blood vessel diameter
difference between pre-exposure mean blood vessel diameter and 10 min post exposure
diameter (5.35+4.38 pum) and therefore not signilicant.

Conclusion: Increasing of the values for mean blood vessel diameter at EMF with
frequency (16 Hz). 10 min afier exposure, suggest that possible modulator cifect of this
field could exist at the skin microcirculatiori,
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8795, Japan, 2Tokyo Univ of Agriculture and Tech, Tokyo 184-8588, Japan, 3Nat’] Inst of Pub Hith, Tokyo
106-8638, Japan, “Tokyo Metropolitan Univ, Tokyo 912-0397, Japan.

INTRODUCTION: Many in vivo studies on unknown health effects due to localized exposure to
microwaves radiating from cellular phones have been reported. Most of the studies have been criticized due
to insufficient localization of high SAR region in laboratory animals, e.g., rats and mice. Some new high-
performance antennas have therefore been developed in order to improve the localization of high SAR
region. Exposure setups including a small loop can realize localized exposure conditions (Chou, et al,,
Bioelectromagntics, Vol.20, pp.75-92, 1998; Dulou, et al., 20th Annual Meeting of BEMS, pp.152-153,
1998). It is however difficult to observe real-time biological changes, via “cranial-window” embedded in a
rat’s head (Masuda, et al., Microcirculation Annual, pp.151-152, 2000), during exposure to cellular-phone
signals by those antennas. We have therefore designed a new loop antenna which can provide real-time
observation as well as highly-localized SAR distribution (Watanabe, et al., 6th International Congress of
EBEA, pp.147, 2003).

OBJECTIVE: In this presentation, we present the dosimetry of rat-head SAR caused by the new antenna,
both numerically and experimentally.

METHOD AND MATERIAL: A high-performance X-ray CT equipment has been used in order to obtain
high-resolution anatomical data of the cranial-window rat. From the CT data, we have developed a voxel
rat model with 0.5-mm spatial resolution, as shown in Figure 1. Distribution and statistics of the rat SAR
have been calculated with FDTD method. Homogeneous rat phantom with the same shape of the voxel
model have also been developed. SAR distributions have been experimentally estimated with the
thermography method.

RESULTS AND DISCUSSION: SAR distributions are shown in Figure 2. It is shown that high SAR
region is localized around the top of the rat head, i.e., the target tissue of the “cranial-window observation”.
The measure of the SAR localization, i.e., the ratio of target-tissue averaged SAR (TTA-SAR) to the
whole-body averaged SAR (WBA-SAR), has been estimated to be over 60. This value is very effective in
compared to at most about 20 for ordinary antennas. The comparison of the SAR distribution between the
experiment and the calculation is shown in Figure 2. Good agreement between the experiment and the
calculation implies that the results of our dosimetry have good accuracy.
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Figure 1: Calculated SAR distributions on the top surface of the brain (a), in the mid section of the brain
normal to the sagittal axis (b), and in the sagittal section (c).
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Figure 2: SAR distributions along the axis through the center of the brain from top surface of the brain to
bottom of the head. SAR values are normalized as the antenna output power is 1 W.



Intravital Microscopic and Histological Evaluation of Acute Effects on the Brain
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To investigate the acute effects of radio-frequency electromagnetic fields (RF)
exposure on the cerebral microcirculation, we evaluated not only blood-brain barrier
(BBB) function but also other several microcirculatory parameters using intravital
microscopic approach and histological approach in the rats.

The each head of Sprague-Dawley rats positioned under loop antenna was locally
exposed to a 1,439MHz electromagnetic near-field TDMA (time division multiple
access) signal for PDC (Personal Digital Cellular, Japanese cellular telephone
standard) system in a small anechoic chamber. Using a cranial window method as a
intravital microscopic approach, four cerebral microcirculatory parameters, BBB
permeability, leukocyte behavior, plasma velocity, and vessel diameter were
measured before and after RF exposure for 10 min at brain averaged SARs of 0.18,
1.80, 6.48 W/kg. On the other hand, BBB disruption in a whole brain was
histologically observed with the brain sections. The brains were fixed with 4%
paraformaldehyde 0-, 2-, 24-hour after RF exposure for 2 hours at a brain averaged
SAR of 35W/kg. BBB disruption was estimated by extravasations of three types of
molecule, Evans blue (MW: 960), FITC-BSA (MW: 69000), and internal
immunoglobulin (MW: 156000).

Using intravital microscopy, we found no noticeable change in BBB permeability,
leukocyte behavior, plasma velocity, and vessel diameter after RF exposure for 10
min at up to 6.48 W/kg. In addition, we histologically observed no extravasation of
Evans blue, FITC-BSA, and internal immunoglobulin in any brain sections after RF
exposure even for 2 hours at 35 W/kg. These results suggest that there is no acute
effect on the cerebral microcirculation including BBB function after RF exposure
under the present conditions.

*This study was financially supported by The Committee to Promote Research on the
Possible Biological Effects of Electromagnetic Fields, Ministry of Public

Management, Home Affairs, Posts and Telecommunications, Japan.
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Abstract

Many studies to explore the effects of
electromagnetic fields (EMF) exposure have been done,
however. little information is available about the effect
of transient magnetic fields. In order to explore the
biological effect of transient magnetic waves, we
exposed mice to sinusoidal 50 Hz EMF and repetitive
transient waves for 16 days and monitored leukocyte
behavior by using of a dorsal skinfold chamber (DSC)
technique. The results indicated that repetitive transient
magnetic Field with 50 Hz EMF induced leukocytes
endothelium interaction as we observed under the
condition of pure 50 Hz EMF exposuwe. No specific
effect of transient magnetic field was detected under this
condition. ’

1. Introduction

The use of electrical energy brings us many kinds of
amenities and advantages. However, the use of
electrical energy produces of weak electric and magnetic
fields (EMF) associated with transmission lines and
electric appliance itself.  In Japan, electricity is
delivered as altering current that oscillates at 50 or 60 Hz
categorized as Extremely Low Frequency (ELF).
Although many reports have suggested a variety of
biological effects from ELF-EMF. there are few reports
of in vivo study focused on microcirculatory effects of
ELF-EMF. Recently, the importance of noise
components in EMF has been also recognized. Fifty or
60 Hz EMF in residential enviromment sometimes
include wvarious noise as transient waves which arise
from several clectric devises such as switching
regulators and inverters.

Previously. we studied subchronic effects of whole
body exposure to pure 30 Hz time varying EMF up to 3
inT. particularly, we focused on leukocytes endothelium
interaction because this interaction can be treated as one
of parameters for ilmmunological response. Our previous

0-7803-8404-0/04/$20.00 © 2004 IEEE.

results showed 50 Hz EMF at 3mT elicited leukocytes
endothelial interaction which means this exposure
condition induced some immunological responses.
Therefore, in this study we focused whether (ransient
magnetic wave with pure 50 Hz EMF affect leukocyte
behavior in vivo. In this study, mice were subchronically
exposed to the combination of 50 Hz EMF at 3 mT and
repetitive transient EMF (1 burst/s;, 7.4 kHz waves with
duration of 50 msec whose peak magnet density was 162
pT) and determined leukocyte behavior by using
intravital microscopy.

2. Materials and Methods
Animal models

In the present study, we used a non-metal chamber
which we recently developed [1]. The chamber frame
was made of Duracon™ resin, a non-metallic material
specifically utilized for this purpose. This chamber
prevents heat production induced by electrical current.
DSCs were implanted in 8-week-old male BALB/c mice
{Tokyo Zikken Donbutsu Co., Tokyo). The implantation
procedure was described in our previous paper.

All animals were fed a standard pellet diet and given
water ad libitum. Mice were maintained with a 12-h
light/dark cycle, and at a temperature of 23.0 #'1.0 °C.
Animal cages, lids and water bottles did not contain any
metal that might interfere with electromagnetic fields.
All procedures were conducted in accordance with the
ethical guidelines for animal experiments at the National
Institute of Public Health.

- ELF-EMF and transient magnetic fields exposure

The exposure apparatus used throughout experiments
comprised of the exposure system setup shown in Figure
2. The power supply unit and coils were obtained from
Takano Giken, Inc. (Japan). Experimental magnetic
fields are generated by Helmboltz coil (Fig.2). Mice
were maintained inside of this coil, and subchronically
exposed to sinusoidal 50 Hz time-varying EMF at 0.3



Figure | Overview of mouse dorsal skinfold

chamber (DSC)

(A) A side view of mouse having DSC. Bar

indicates 10 mm.

(B) Microvasculature ‘Within DSC  under

fransparent microscope. Bar inclicates 100

Figure 2 Photograph of the exposure
apparatus, The animal rack is located at
the center of coils, and is separated from
the coils to prevent vibration. Minimum
longitude of coils is 870 mm.
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Figure 3  Exposure condition of transient
Magnetic Field. Transicut waves are superposed
on 30 Hz (3 mT) sinusoidal wave,

(A) Wave form of one burst of transient wave.
(B) Wave form within one burst of iransient
wave.

and 3.0 mT (tms), or combination of 30 Hz EMF at
3.mT (rms) with repetitive transient EMF (1 burst/s, 7.4
kHz waves with duration of 30 msec and peak magnet
density of 162 uT). This waye form is illustrated in Fig.
3. Mice were continuously exposed to EMF for 15
hours/day (7 p.m. to 10 a.m.) for 15 days.

Intravital Microscopy

To visualize leukocytes in vivo the fluorescent marker
thodanine 6G (Wako Pure Chemicals Industries, Ltd.,
Osaka, Japan) was-used. Rhodamine 6G was dissolved
in physiological saline. Each solution was freshly diluted
with saline until a final concentration of 0.02 mg/ml on
the day of experiment. To remove unsolved substances,
the solution filtered through a 0.22 pm membrane filter
before each experiment.  Prepared solution (100 pl)
was injected into the caudal vein 5 min before image
recording. During the data recording under CLSM.
animals were anesthetized with the cocktail of ketamine
and xylazine used in the DSC operation and then placed
in an acrylic resin tube of 26 mm in inner diameter.
The wbe was fixed to an aciylic resin plate that was then
set on the microscope. For repeated observations of the
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Abstract Safety of radio frequency (RF) electromag-
netic fields (EMF) is commonly discussed in terms of
specific absorption rate (SAR). Phantoms are useful for
the dosimetry on energy absorption of RF-EMF expo-
sures. SAR is estimated from measurements of an in-
crease in temperature within the phantom over a short pe-
riod of time following the exposure. In the past study, a
method for visualizing the three-dimensional (3D) distri-
bution of temperature due to RF-EMF energy absorption
was reported[1]. A difficulty of this method is that it can
only visualize the temperature higher than the clouding
point, We focused our interest on capsulate liquid crystal
that has been used for visualization of temperature distri-
bution within fluids [2].

The objective of this study is to make a phantom con-
taining capsulate liquid crystal so as to develop a method
to visualize 3-D distribution of electromagnetic power ab-
sorption. We have investigated the suitable materials for
transparency phantom and discussed for the method to ad-
just dielectric properties of the phantom.

1. Development of Phantom

Micro-capsulated  thermo-chromic  liquid  crys-
tal(MTLC) is used forour experiments. Thermo-chromic
liquid crystal is contained in the urea resin capsule. The
diameter of the capsule is about 20 to 30 micrometer. The
incident light into MTLC is needed for visualization. The
wavelength of scattered light depends on the temperature
of the capsulate liquid crystal. The wavelength becomes
shorter with the increase of temperature, In other words,
the scattered light changes in its color from red to purple
with the increase of temperature, MTLC are suspended
uniformly in the gel phantom.

0-7803-8404-0/04/$20.00 © 2004 TEEE.
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The substrate material for the phantom should not be
convective to measure SAR. Therefore, high-molecular
gel constructed from “carrageenan”. which is extracted
from seawced and has high transparency, is used as the
substrate of the phantom to prevent convection. The di-
electric properties of the phantom are adjusted by mixing
propylene glycol. or KCI (potassium chloride).

2. Complex Permittivity and RF Exposure

Complex permittivity plots of the dielectric properties
of phantoms thal are made from carrageenan are shown
in Fig. 1. Values of complex permittivity are measured
by the dielectric probe (Agilent 85070C). In this graph,
horizontal axis and vertical axis indicate relative permit-
tivity (¢'(w)) and loss (¢”(w)), respectively. As shown
in Fig. 1, each marker indicates the complex permittiv-
ity at 500[MHz], 900[MHz], 1.5{GHz]. 1.95[GHz], and
2.45[GHz], respectively. Solid line which shows mus-
cle property is obtained by the parametric model of bio-
logical tissues [3]. As shown in Fig. 1, dielectric prop-
erties of the transparency phantom based on carrageenan
can be controlled by varying the concentration of sucrose,
propylene glycol and KCl mixed in the phantom. We can
approximately adjust a value of complex permittivity of
transparency phantoin to that of muscle at 900[MHz] and
1.5[GHz]. ’

We perform a preliminary exposure experiment using
above-mentioned phantom. A dipolc antenna is used to ir-
radiate a phantom containing MTLC with RF-EMF at the
frequency of 1.439 [GHz]. The temperature distribution.
which is indicated by scattering light from red to purple.
on the plane lit up by the slit light is obtained clearly. The
temperatute distributions on other planes are also visual-
ized by moving the slit light location. These observations
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Figure 1: Complex permittivity plots of the dielectric
properties for carrageenan phantoms.

suggest the possibility of the 3-D visualization that is re-
constructed by measured data at each plane.

3. Conclusions

We have proposed a new non-invasive method for visu-
alizing the 3-D distribution of electromagnetic power ab-
sorption by using MTL.C. The transparency phantom for
this method is developed. The substrate material for the
phantom is carrageenan. Values of complex permittivity
for the phantom can be controlled by the concentration
of sucrose. propylene glycol and KCl mixed in it. The
clectromagnetic power absorption could be visualized by
using the phantom. [t suggests that this new method has
capability to reconstruct the 3-D distribution of power ab-
sorption due to RF-EMF.
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B

Q%fk, WEBMOWEEBOEYFLILHELT,
EMOREMBICOVTIE, Bais ko THERIC
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JAZEHMEE, EWRY) A M E EEMN) R 2T
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OFEROFE (hazard identification) : B & A AR
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72, 2001 EWHOEREHA vy O—HE
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@& - 4% (dose—response relationship) | B
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3, —HOEFENETERE - LCHRERBT A1
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@EEM (exposure assessment) | A& WL DR
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6 ADFERIEME B, ] ELTWS,
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Biological Effects and Safety of Exposures to Radiofrequency Electromagnetic Fields from
Mobile Communications

Masao Taxr* Soichi WaTANABE,** Kanako WAKe™ -

1. & U & [

BHBHELR LD LTI ERBEVEEERIIRIEL:
WEERERLE o/, ThICE bRy, EERETHER
BERIBSNLZ LI ZRBENOBEREDOTREMEIZN
AELAEE TN A.

BREREBRROERERIZOWTIEG MR N,
BEICLAEERELH CLOOBERMIRENTHS
[1-3]. 72, S ORFERSHI L7zdto T, Big—1Liais
B ANFREREI SR TS, —F, Mke~4f 7
UEEECERELBLIZT b Lz W) RER
BCALDBY, H#EHTHERESLTWE LARVRTD
RETH, RRCEHESDHLOTREVD, L)kt
MEERIBRBEEL TS,

FRETIE, BHBFZOBRICL 2RERBICOVT, B
RN L RFPEDOEFICL VEEEOT Lo 2BED
MRDBmic 2 TRAT 5.

2. EHEEOYATA

FE—HROEHEFIIFMERIL BT/ FRTH
o7, BWEE 800 MHz #f % /=43 900 MHz H23E T, £
06 WOHNTHo7. FMERS M ERETHY,
EHEIE—-Z7ENIE LY., BE, bAETET Y
YNVAERIZEEIZBTLTEY, 7HrusBFRidfEbhT
iz,

HAETIZ 1993 FECE 2 A OBEFEE L L TPDC
(personal digital cellular) BN T4 V& W HRAHEA &
Nz, 1994 RIS, FNETORITETHEIELTHRZ L

FEEKSEERT
Tokvo Metropolitan University

" ERE BT R
National Institute of Information and Communications
Technology

YENVTHERERD, MERDYY ARSBRE SN0
2EB, bAEOMFEEOZHEARIBA L
7o, £7:, 800 MHz iz, 15 GHz HDOFIBEM BT -
7z,

PDC #A& T, W85 Tkt (TDMA) £ HWTh Y,
120F ¢ 2 ML, 3AT Y FOBEET LRI ETE
RET5, BREEE67Tms O/SVATEE 50 Hz THEYETIE
BTHhb., LidoT, FHENIE—-2BHD1/3 L%
5, MEROE—2BHIL, FRKTOSWTHs. £iFL
DBEREELT, 6 VAVOBAHNEXTLA, 8/
DY — s EHE8mW Th b, BEIMEAE D BEIE,
BRESVAOBBZELIC2EBELT, 1 208EETF ¥
ANWE6ODRAFEFTIPLHATHAIN—T - L5,

FRINTIX, 21D GSMBUED ¥ A7 L5 { b
TWwh, GSM#IL, 7L — A BN 217Hz T, 8 A1
vy b OBEFHEE%ET S TDMA FRTH 5B, 800 MHz o
GSM #HBHOBRADE—2 BRI 2 W T, BAHHIEIC
VBT 2mW L 25. FHEHRYE-2BHD 1/8
TH5b. GSMBKIERFDOE L DEICEASA TS,
BRIND Y 25 4T, 800 MHz HH ETH 555, 1,800
MHz #bHWHN, BEOREICE L TERRBICL YD
UE-FH-Y (W

KETIRE 2R E LT, IS54 U IS136 BB THE
SN/ TDMA FRDER L. HAEOPDCHEE & [
02, 7L —ABEH 50 Hz, FraNVBY0ATy M
3ThHH, HKETH, F2i: L THETTHETHEMR
(CDMA) H3 (1595 #48) b BASIN TS, 2R
O CDMA FRIFBETHECHEHS N, T/, DYETY
—HOFRL—FPFAL TS,

RIETH, EIHROBFEFOEANEETEATY
5, oMK F TLHRTEBERIIFEATHEDY, 2
NTHEZLFRDHA. T d CDMA FRICHHE &
na, BRI 2GHz HFaMEDbNINS. CDMA AR Tid,
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BHSEEROEN. T v & AR TH Y, JITEERE &
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BHEFHCLIEROEREICNLIIIETEETH
5. EEEENEMERZ AL, BRSBTS
HOBAZZETIE, ERICL2EVEZRTHLEN
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DBHbhb LhhwEEETHHE, BROECDERT
ERVWSLICEEILETHS.

3. REBOFERE LR

WHBZTHVWONRIBEICL A NKREE, BEID
DBFLERRBILOBREBIIRESNS.

WHBFREILOBREE, BHOREIIDZVA, fl
BEEICEDTERIFRETH L. RArTOBEHEIU BN
SARCTEE &1 5, SAR (specific absorption rate) i,
HUREDMMBTORINENTHY, HRIIREL HFEIR
B, DARICHT HHERMTIE, 10g DHEBTEHLER
FiSAR# 2 W/kg BT 42 L9 IzHlBLTWw3I(Y, 3].
bFEEED, B OETREFEHRRICLAHEBOR
Fr SAR R EBSHEUT L 25 L H IR ST,

EMR,PSOBRKE, BEAPOCEFLBETS. 258
BOHE, €RFHSAR PREAOEIETH 545, BHK
BED LB & WigEIZ 2%, bFEOARICGER ST A
WiRsHENE, 800 MHz 2BV T 053 mW/em?2TH Y, 15
GHz BLETE 1 mW/em? T 5[2]. Thix, 2FFY
SAR %5008 W/kg ##8 2 WMz BNT 5. £HFic
HEBOZEEBIEBEINLY, 7ri+hboliit
EETHIOWUTThH A, Ziud, BEoEERICH~S &
FERIAE Y. TUaFicidEmEsdy, Blicsiis
BAHTER, AR T HHERSO L0050 1IUTTH
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CDXHI, WHEEEMEIZ LB SAR OfElE, BERER
THRBELLTRPLYKRERLDTH B, Briifkstic
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U,

4. BBARFIAMY

11 BH :
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N, BERERF YA M) OBEEADOERIEE > TV
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Ca— s 0OEHE - KERILE L b2, BIERZFEIRE
I LRNCF (- N s oG A

B SEROMEMATE TH 5, & MRESREMEIR (finite-
difference time-domain: FDTD) #[4]13, BEKOBHA
o M ICHRICE R R BEIRTE & LT, 90 SR LI
LR ENA LI Zkhot. FDTD T, <7 A x
VORBAOBEHEEMET 52 LT, BHHEERFOE
MR ERICEE TS, BERBIIHTAEEROMMA
WED7:0, H{OBRBERZBI L, EERRORY
—EFNVEFHTELZLPREATHDL., COZ Ehb,
Bl T3 ) A= bvd —FOEROREE L E T AHE%
B Er SR LA NEEFVEIICAEREN TS,
LI BEFLERZLNVEFNVEMNRRE EELSE

M1 ERELHMENETTL () (6]



SREELED  WHEROLGLEN

Bakie (1) &, K7EVEFLOBERELICD
WTORIED#ED LN TWA[6].
EZBRAICSAR R HET A2 kL LT, HA7u—7
*AVWTNE LA RELEAROBRBEORE S LD
SAR ##EETHHE[TIE, WNEMN L 2 RHERE L
AhGHELTSAR 2R T 5 FERBIVEICH LN
5. WEhOKFED, HEANETOUNBRLLETH Y,
EROEREFRICT A LIETERY, Z0kD, BE
ARSI D LS CRBELABHY 7 v b
Awnbis,

4-3 BHEREOFI XY
BEHREHEOEMVEEEET L0, Yoy

10° 10> 10"

(a) 900 MHz (b) 1 500 MHz

(c) 2 000 MHz

(377)

OBRECBRENELL202EENCNALENSHS. M2
i, AMRESOBMEEFNVEHWT, FDTD EI & O IEH
BHEMHAMEOETNO SAR 7 Hi2tELfITHE. R
EREOLDII, BEEIEWIZE SAR 2REMNIEIZE
F9 5, 3, B OERICL ABARHSARIZH
LT E LA SARDPEDBREOKE S H 0%
HEFE»OHELEETHS. MER TR
SAR @ 10 % B\ LR A 0 B E &1, 900 MHz T 7%,
15GHz 2%, 2GHz T1%TH»5(9). T4bbH, i
iz B1rB SARB 7 v 7 HEHEO—HS 2 R TIEFEIC
AEWT ERDE B, MR BWEROBBEEOBRER,
BEMELEDLLET, COL)LEBNLERNFEET

10

(d) Head model

B2 BFEICLHHEEASAR OS5

R4 MWEECOWCORBEREERNEREE L BEEUR YA Y Of
(a) X CTHIE, (b) HEEFIV, (c) SAR FHOHESELESR.



(378)

‘90QMHZ"  ©
"1500MHz"  +
“2000MHz" O

0.1}t 1

0.01¢F

0.001 }

0.0001

Refative number of voxcels

1e-005 ¢

1e-006 .
0.01 0.1 1

Normalized SAR

F3 s SARME (BASAR CERIL) o33 2 HMEAN
BREE VY :

H5b.

FUA MY IRERROBREEEORE - (METL K¢
W10l B4, BHEBHLRECERLLT v PO
EFCET2ENRBEERINICHEALRBEEL 1
AN O—HTHE. BYRREERTRIERBHOKE X
PHEEBICE b o TELT A, REBRWORLET Y M3
BAWTXBCTHEZ,rOREEFTVEHREL, BERC
SAR ##E T 5. ABEHEIBFERFICLoTEDTH
T LIRELINLVY, EREWET v FFICl
RTHFRKREGE GO R Rz, JLEAYE W HEE AR
Bsha. COLI) BV EBENICINEST 2 LENSD
B, i, ZOXIREBRFBELTAMEOBEEEFICEY
BEHEETRTHIEVRETH B, '

5. 4AHEICHTIRIEOMALIM

PPoOBRTIE, BEOFEKICL SEBRIH O KIS DE
WEBRETLREETHY, FLEROBELGOHMIZT
FThirol. 1970 ERBEIS, BRIV APIDOE
EMNBBREINDL LIz LAL, 1980 ERET
i, —BROMELHRNT, BEEEOH EOGEICH
BEAdoT, BEEDORWERRENRD L o1,

1990 FEXRE, EBHAF VA V)OSR L, 5%
ORELUVBHEEICTEMENL LIS ho, ZHZE
o TEROBAMI L LI, $512 1096 4 10 F R4
(WHO) A"EREUR 7oV b 2EML, ERORK
R LTS R EHMIEZ 1T D ko Th b, FOffd
ELwv, ¥, WHOO 7O V22 T, #RETIHE
WENTWidh o CHHEEROMELHHEHL TWaAT:
W, EBORBEBVEHICMELE. ZO10EMICER
SRR L, EREWmE L TEOTH 2, B
BFIORE, BREROERLVWITTo—FilLo
T, ZNUB ORISR THRECEEEFEE > T

MREREE

EHELE 43435 (2005F9A)

5.
bHETH, 1997 R MEEF LG ERIET LS
H& (REBR LURRBIRAHRE) ¢REBL, E2HFLT
FRBOFEHELRGIERHDG & T, WHOO 7T V2 b
LD ETHEB IO IR L N EXENS
WIFREETEEICER L THnB. RETAE TR B RIED
bYETOMEE, TN ZOMRT/asFL0HET
Eshi-WigeThH . -
HHFEEOEFRREUOMRL BN E LAHETIE, %
COTRREVHRASH, ARELEETFRCRMBELSA
HEBRR EEEUEHOTRIITOA TS, BT TH,
CHREDREFDLI, BREOBMzH~5,

6. Hifa - BMHRER

61 EHAM
BERZEISMERSNBEIL, BHAY R L0
BEOLHELFE TS, 1997 ££12 Repacholi &5, ¥ ERET
AwssEH (800 MHz) %) Y ENEREFNVTH
2b5UAVz=yrey A (BuPiml) 12 18 5 B S
BETZ2E 0Ly, UrSEORED 24 HiomT 2
& EMELA[12]). Repacholi & WHO - & 5 EIRSBERE
R7uPz7 POBEETH Y, COWARREL, BRI
LaRMAE (Furs—vay) 2RRLAE—DOERE
OBWEFREE LTEB SN, LaL, BERRElSh
REBRTH-TH, BRIFMOBE, EREBTERCEEH
WORELThkholzl l, EREPYORENET LE
BHEORUMELR Y, W orOMBELEES R 2
DIz, F—A LSV T LBHM ({40 7) THREFER
W& LCBRERMEBS R

Repacholi & OERTIE, RO~ A5y —VAT
BREE L Aoz, EREIY O 4 H T3 SAR 25 0.008 ~ 42
W/kg DHIFICRERTH o7, SN LF—2A Y
7TOBHERTHE, BEKCYY A2 YY) Y YACEE
THIEL L > TRBE—~B IR0, T, BRELAV
4L (025 1, 2, 4 W/kg, &BE1200E) &L, b
YAV =y 2y ADWICIEERY b HBRICMZ .
CDEIULTERSNLZEROER, BRBIZL S 23
BOBIMEIBR Lo 72013), —F, BRANTOFRER
4 707 TIThRA, 2005 EERE, BRBERAET
H5,
EHBEROERIC L 2REB~ORELERED Y -4
v bE LAKRMLIRL LT, Adey b2k 5 2008
EhHE TNOLOMRIL2EMORMPREERTSHY,
B#FES L UENU (N-ethylnitrosourea) T4 =¥ T~
FENTREBORELZRRL TS, BRUOERTI,
X 1S54 #1450 TDMA ¥ (837 MHz) 23w Hhi:
(14]. SEB~OBRFE 22 »FBE QWM /B, 7594 -
75547, 40 /8 HIohi, MTHOSARKET v b

96



SREEITD . WHEHOLELLH (879)

OFEL EHIEIL, 07~ 16 Wk, £5FISAR K
02~ 07 W/kg Thotz. ERBHYKIL AT 236 LT
Hole. EBROER, BABEOREEDL, ENU THES
N7-BEBOBEBICL > THML b o7, 5837
MHz 7 F 0 ZERFRXOEEFA ohiz[15]. 5§
ELTy ML 6 BETEIS20 L THhH o7z, EEMER T
BREREGBREH CHEBEESERICEIR O adh o,
- HAETHRPARICOVTORWERI TN W
HMomRL LT, YxFh=tuvy7 3y (DEN) CTHik
L9y MFREISSAMRE (REMF 6 ERM) »Ei
En7z(16,17]. BEHEIEVD, COEBRTIIEER
hs VAR 23R ETICL L, EEY—H—0
FRICELD, BPAOBRBERELZEDO TS, EERIT,
800 MHz % & 15GHz W O PDCHIEOR X A v, 2
W/kg UFBTOF SAR) %385 H, 90 ARIEE L 7.
2 DD EBEH THMICERI T DN, WIFhoXER
Th, BEZLZFREEOREIR SN o7,
THIEE ORI OWTOBHIRERERS Thhz[11].
EBFEG Adey 5OMELIZIZFALCTHY, HAEATHE
EhTwWb 15GHz % (1439 GHz) @ PDC HE0 Bk %
Fuvr, BREEBERN4OBETHE. ZOEBTIE, &
500 B F344 5 v bW B, SBIIMHES 50 LT
HY, HOBENRBEE, ENULBOADE, ENULEIIM
AT, BRE, BLVBEBIUBLAVBEOTERR
MRS EMTELE L B ~VERS TR SAR 4% 067
W/kg T, B L~OVEBEHEENTER SAR 2520 W/kg Tho
7:. SAR OERBEMTEEET, ¥—sHEREAFLD3E
Thab, HESHEEDH I 5H /B, #5BOW®REL 104
B L. REROMRE, RE, AHENR, EFRICHE
MTEMR OGN o7, BEES L UBHEEE ORI
B, FREEOBRICLEN o
BEHAMICET 2B WERIIMIC L BE L ITbh:.

Elder 1%, #-REBEICL 2BPARICHT LB ERD

ERTEBRTI0OMEBEL-018), BEALVEEESR
PHEOBREZERLA-EEETAY, BEOM 13025
W/kg b A W/keg DEEB T3 5. Repacholi 5 DN
(1998 LA WCFIfT 8N 21 3TH Y, NI0H
W18 ~24 A BORBREERTHS. HRAEPANDORE
BIoT A RMBREELR6H, Repacholi 5 EER & Lo
BN LBHERI-ERDYERCARREERS
W, PR THE SN LHADREERICOVTORM
BREERT7THZED, WTROHERLBYAMRE~DHY
ZTROHTWRY, ThonREBeT2 L, BIERD
LIERENAYVAZEBREISNEZVWEWR S,

62 EEEM

B EBRTRPALREBEZ £+ 52 L 3FE, BHO
RTESTIRBW, 7, BH¥AOMMBHLLT, &
FLRVOBEROEEIFMENT B I L DBETH

5, IOz, DNA SO P REAR~OREDH H L
FORFEEL LCOMMIER B EVRARGIRTE. £

OMREND B, BEBFRRINWTOLERIFHAL L
W, EWIRAEIEoTWE, FORBIMLEFZLT
BT 5.

Lai & Singh ¢, <4 7 ilE#E»* 7 v Mg#flleo DNA
O1AREGEB LU 2 REDHzEMS L5 e REL
7:[19,20]. EBRTH, invivo TSD 5 v % 245GHz @
BHWE SV ABIRE L, DM, oRAERML
7-. DNASAYIBFIZ 7 VA a Xy b7 vk 4 ETHEME
N7z, SARIZ2 S EHETO06 Wheg T, MTIZ05~2
W/kg LEEEh TV 3.

Tice B, ¥ POBRMEB XU 238 % 837 MHz @
FMZ# 3%, TDMA #, CDMA ik ¥ OB T S
NBEFC 1~ 10W/kg TRELL. ZORE, 22 b
T oA EILL A DNA SBOWENIIRWE & Ll 298,
10 W/kg DR T 24 IFMRE L /2, € TORET/H
BOBKERD. 5 Wke, 24 BEBRETIE, —HoKk
BTHHMMEDEEM R 6Nz, BEREL S FH ORI
WFEROEF, BEBRETLIEERZROL ok
[21]. #®D#%,; dAmbrosio b GSM TEibN A EF K

EAGVT, 5Wkg DBREIZL Y & M) RBRTIMERE

FROENAZ EeH@E L-[22].

DNA S84l &, MR EFRRT 5 b O#ER, #
HEENGEATELZBEDOY L 7 0 BIBEEIC L 2 RIZHE
PR TAERELTHEICEESR, ELOWESNV—
THEBERE R,

Malyapa 5%, —E® in vitro £ (BKXT 1.7 W/kg,
20EFRIER) T, I Ay PT v EICE S DNA SHEIET
BROh Lo eMEL/2[23]. F/Lai bOHEER
RTELETRRBRTAERDRAALY, BEIIER
L 2o 12 [24]. .

McNamee b i, & FELRE —EREICRo&H4T
19 GHz @EHHEIZ 0, 01, 026, 092, 24, 10 W/kg T2
BERELEEEELASL. 22y P74 ETIE
DNA $¥Iirdstetl S 1§, SRR IS b IERIC L 5
ENRoNbhoro(25]. BEREE 24 BHE LK
Td, PRIBREICLHEGR LN LD o72(26].

Lagroye 5i%, 245 GHz DSV A= A4 #iE% SD F v
McBEIL, Xy b7yt EEICL D DNA SEINT & &F
flil7z. SARIZ12W/kgTHAH. ZhbidLai H5AHTDNA
HOROFELREL-BORGLEUTHE, ZOER
Tb DNA OYIBE RS hihor(27].

DAETH, BEMS (2003) A5 b ORNIEE H3EO M0O54
MEEBAVTinvitro T2 Ay b7y EAfikI2L 5 DNA
SRATHT & A7, B8 245 GHz w4k T, 13, 25, 39,
50, 78, 100 W/kg TREL7-»%, &XAD SAR T DNA
BHOMNTIER &Nl h o 2[28]. Koyama 51k (CHO)-K1



(380) EWRETE 43%3% (200549 8)

% AT, 245GHz, 18RO~/ 7 uERATICLD

SRR B % R~z [20), WRERSRELYE, AEDRERE H
#ETHD. SAR A 50 Wkg £ CORBETI, MERKIE

ERBEER L HBEN ok, SIUSHL, 78 Wke

B X 07100 Wkg THAMEBRERE ML, —F, 39
COHOBBHERBET I8 RFAAREEE LB b /IET B MR 1318
mL7. 78BLUI0 Wk THCERETTHRELSR
Dhol, INLOERENS, BHEFTELLSARD
25 HE LA LIS H 2T B 50 W/ kg T b/MERB OBME % <,
CHBEE CIBENFLAT S LABREOBMIRLNS
ZEdRENS.

CheD—EDHRHE,S, ELVRELAE RN
W, MR L AL TOREENE A RRT ARIRERIEAL
RWHHEERBEWT EATRENS,

63 Ik NBERY

MFE4EEFS (blood-brain barrier, BBB) 3, Wiz
BELWROAZBROICERSEHHBETHY, ZOWEE
kD, BHEEEORES—EBIFRINTHS. B
47 0RIZE > TREMNLAT S L MBI 0:Z 8%
BEHILBMORTRE.

Salford 5%, BELADLVIBVEROB T MK
P OBE BN A LR WMELA[30], WHES
OFERIC L O MEMEAR QS8 B FL, EFLED
ERPMOEBRDORR L Z2ENNH B0, ZOFEN
FH3 N/

Fritze 51, GSMBEOWBE S v bOEERICRIT L
EEED S, BTOSAR 435 Wkg BT CREZIER,
Salford 5NMENFBR LW L 2HEL. BL, 75
W/kg %8B 5 LBl ROND L L2[31]. i
i, FBFT SAR 12D\ TO—RARDIBEHE L ) B2,
BHBE (REBE) ORMELVEV, Zokn, bt
BTSSRk e, 2oER, BELRIIEE
THRETSWhg CTHLEENRONLZWZ LRSS
[32]. .

Salford 53 Z D% b, 0025 50702 Wkg &) %
BETELD L D/NE 4L SAR CIEMEME 7T I Y
VEBTHZEHEREL, 3512, WEMROEELFRT
[¥—r—a—-a/|DEENREOKE SITRFELTHER
BEHMELA(33]. M, BRINAHLIRHITTH
5%, RNV F—REZEOZV—THEBOBRBI2HMEL
LBiddy, ¥, YHMAHBEEOMABREOREICL
o TMEHEMOEBENEM LA LI RELH S
[35]. MR I~ DRI, WHEEEMIC X AHE) A
7 %I A ETEELMBETH L L O, 5, 2003 F
HAKCOMBEZEFNCHIT—2 Y ay 7THRAES
N, ERLLBRMNOIFIEE S 145 A COST28] Tid, #
OWOEFL AL TYE (hitp//www.cost28lorg/).
Leszczynski 513, & MR in vitro THEEZE D

BEEABEORSCREL, B ay sy vy 0%
BEPHELTVS, BELR IO vy ORBHSMBEM
BMOEBEOMMCET O Tk eEELTYS
[36]. LAL, BED Miyakoshi b0#&E T, ZOBEK
BHEE &hTwiw(37].

6-4 ¥

EP~DOERIZOWTIE, Lai 5ATDNA SETWF 08 &
ZHO4 7 OEREICL ST v M ORHREREED
BENEETIRAI L[], FAKPRBEETOERE
HAETT 5L [3)2MELTEB SN, CO%kD
TR ELERLTwR .,

Dubreuli 5, 7 v NOHEYRBFBEFEZHEE L LY
FEMERICRIETRE Y W/-(40]. FE K% 245 GHz
O GSM BB O+ vy, FEIRCE TS SAR #71 W/ke
BIU35Wkg & 2bRET, 60HRTBRELL 2
MR eI REEY ¢, MY IR X7
FHMIAAE, TOER, ThoOFTEITICHEITRS
o, Cobb Hid, AREBEENT, Lai bLEFL 2
Us DIV ANET, 2OV A SRR 500 pps @ 245 GHz D £ 2
TKEE Ty MICRETL, 12 FZOBEHREREE AV B E
BEiTokd, COWBTOHERL LN o7241].

HAE TS Yamaguchi 5 4% 1439 MHz D PDCHAE D~
Ao OEEE)B-NTVFHICL Y EBICED L TRE
L, TERET X M TOEF~ORBELR:. HTof
¥ SAR 1375 W/kg (25 FH SAR=17 W/kg), BL U
25 W/kg (B, 57 W/kg) ClE4GSEOEEZ4BH
fTotz. 25 W/kg OHAEEEPET Lz, BHD Itk
DB THoT. 75 Whg BLUERET T, £RICH
Bt oiz[42). ThEeOERIE, FE~NOFEIIOW
TOLai bOMWENBHELZNWIEERLTWA,

7. KSLF 1+ TEER

71 RERFE [EREHUE]

WHEROFRIZL b2 ) HECTIR, REIOETL
E, SFZFIREROFANS D, ) LEEROER
A, WHEFROBRIC L AEHENLREMREB LB DR
EI3NEHLNICT D, KT 054 ThBBRELLE
e fThbhTnb,

EHEBFCH L TBBEREFIARI VT4 T720%
i, o rFur, BLUFs Y50 (GSM) FROE
FIL2THERE T 3BBRELT, BRELEROME
HOMEIThRA[43]., HEEILIZE T & T LT
ERDEEADH oA, L, EROBEIZRIEOFEC
EMFETHo 7. T/, BELBREDEVEEVWSE T
DWW ol ZONEMREIE, BHREFICLLIER
REBBENBREICL B0 TR, ERMEIINTAR
ERAERET A EHMNLIDTHALAZ LAXHLRBLTY
5.

HaEHREE 98



