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1 mW/cm? JERERICEK D ABDLEEIISAR

10°

v

-

{BENEE:1 mW/cm?

AVERAGE SPECIFIC ABSORPTION RATE (W/KG)

Fig. 9 Whole-body-averaged SAR for g nd a human infant. Power
density =1 mW /em”. The results of pnvelope (curve 16)
gives the maximum SAR for any o
Experimental results scaled from salin
curve) Numerical calculations with a block model ol man—conductive contact with ground (from Fig. 8). 3. (chain-dot)
Empirical —adult human in conductive contact with ground [62]. 4. (chain-dash) Scaling of curve 2 for ten-year-old child
(grounded contact). 5. (chain-dot) Empirical—adult human 3 ¢m from ground plane [62]. 6. (dot) Empirical equation
(from [61])—adult human in free space. 7. (solid) Numerical calculations for a block model of man in free space with
figurine experimental data shown by open squares and phantom experimental data shown by open triangles [56], [57]. 8.
(dash) Prolate spheroidal model of man in free space [62]. 9. (dot) Empirical equation [61]—ten-year-old child. 10.
(chain-dash) Scahng of curve 2 for one-year-old child (grounded contact). 11. (dash) Prolate spheroidal model of
ten-year-old child [62]. 12. (dash) Prolate spheroidal model of a one-year-old child [62]. 13. (dot) Empirical equation
[61]—one-year-old child. 14. (dash) Prolate spheroidal model of a human infant [62]. 15. (dot) Empirical equation (from
[61])—human infant.

O.P. Gandhi, IEEE Trans. MTT-30, No.11, pp.1831-1847 (1982)
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D.A.Hill, IEEE Trans. MTT-32, No.8, pp.772-778 (19%34) : Human volunteers
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1 FAMYICHAT 5 MRIRE DR

Further work on dosimetric models of children
of different ages and of pregnant women.
Improvement In dosimetric models of RF
energy deposition In animals and humans
combined with appropriate models of the
human thermoregulatory responses (e.g.
Inner ear, head, eye, trunk, embryo, and
foetus).

=" EEfEE DR

0.4 W/kgll FOLBEIFSAREESBRIISETD
FEB ERREIT+RDE L (1~2 Wkg=1#J1 °C)

~ R E BRI E 38T EH(1990)
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BROEZLHEICETSHBEE

%EEHE$A£?»|

GBS BB INICT)RE SR
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A RAHIEL 51785

years Height[cm] Weight[kg]

B 22 173 65
T 22 161 53
7 120 23
5 105 17
3 90 13
TILHAX
2.0
2.(‘)/'.‘—’
Unit:[mm]

2 2 22 78% 58 35
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—— Adult(Spheroidal Model)

—— Block Model

LA (19904 171

Whole-body averaged SAR[W/kg]

aﬂﬁﬁ 0.2 mW/cm2 (—RRIRES )

10 T 100F 1000 3000
re uenc
D.A.Hill, IEEE Trans. MTT-32, No.8, pp. 7122778 m84) Human volunteers
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—=— 10years(Spheroidal Model) = —— lyears(Spheroidal Model)

—— Infant(Spheroidal Model)
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102}

103,

Whole-body averaged SAR[W/kg]
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10 100 1000 3000
Frequency [MHz]
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—— Adult(Spheroidal Model) —=— 10years(Spheroidal Model) ~ —— 1years(Spheroidal Model)
—< Infant(Spheroidal Model) —— Block Model —— 22years(Japan Male)
—— 22years(Japan Female) —— Tyears(Japan Male) —— byears(Japan Male)
—+— 3years(Japan Male) —=— NORMAN —— 10years(Reduced NORMAN)
—— 5years(Reduced NORMAN) —— 1years(Reduced NORMAN)

17
10-1 L 0.08 W/kg

Whole-body averaged SAR[W/kg]

103
_4 BHBE : 0.2 mW/cm? (—RRERES)
P10 100 — 1000 3000

Frequenc
D.A.Hill, IEEE Trans. MTT-32, No.8, pp.7g2—7 8[24:1:@84) - Human volunteers



@3 T3 BB EE : REAPERABER
BEORSMHICHT SEHNAE JoRE | ET A A 1L Ok
%I WOR, FHG, CEBEEERNS, WOREREEANAEERHES

\SARMZI:% - AR |
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AR RELSA |

WEE © 0.04 ~ 0.08 °C ]
£ B EHSAR : 0.08 W/kg

.E D T PP
O Female
&
el
g ( .........................................................................
LS
b
S
g O 3-years
| .
L
S 001
qE, | — 70 MHz or 130 MHz
— —— 2GHZ
0 ' u H
0 60 120 180 240

Time [minute]
A.Hirata, T.Asano and O.Fujiwara, Phys. Med. Biol. 52, pp.5013-5023 (2007)
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BROLEII<HE

SAR,[W/kg]

Ry[Wikg] ¥
53 ¢ “* SAR; [W/kg]
B T :
- BF[V/m] -
- FER[A/M] ' SARIWIkg]
wnmEmwery (NI |
| SAR, [W/kg]
T 2 |
SAR.[W/kg]

ZOE TS

25 HSAR [Wikg] = 0.08 W/kg

BT EXSAR[W/Kg] = 1.6 W/kg
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BT FEEISARE@ < 2.0 W/kg
G W, ) .

Sy //

\



BRORZLHEICETSHBES

ZRDEBFEIISAREBFFIISAR |

SAR; [W/kg]
= ;& SAR;[Wrkg]
B -
- BHR[V/m
- BHEE[W/m?] |
SAR;[W/kg]
SAR, [W/Kg]
2B FIISAR |5 ,=0.08 W/kg HEEE): M =6m +6m,+6m, +--- [kg]
80 kot Y ORIMEANHG.4 W SAR, xOM |+ SAR, XM, + SAR; x M4 +- -
B FISAR] . 2wk 28FIISAR 1 M (=6M;+SM, +S5M, +--+) Wikl
10 g 1= Y ORILE A H20 mwW I— BRRFEIISAR] 44 SARAlxé‘Af:; : :Sgiiz:;gz: ;;\jﬁsnx)&mw'“ [W/kg]
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RAEESARDIRE - 581 (—ARIRIR)
BEERn ICNIRP FCC IEEE

$89SEHH FCC92-326 C95.1-2005
Vi 1997 1998 1996 2005
Eﬁﬂa 100 kHz — 3 GHz 100 kHz — 10 GHz 100 kHz — 6 GHz 100 kHz — 3 GHz
6GHz@20114HIE

BAFEHE 2 W/kg@10g 2 W/kg@10g 1.6 W/kg@1g 2 W/kg@10g
SAR . wigemmioy 4Wkeemmiog 4Wko@mBily 4 W/kg@EmEE10g

2B¥8 oo0osws/kg 0.08W/kg 0.08W/kg  0.08 W/Kkg
SAR

MERM 653 65 304 6%

il

Figta iR £ Ch=fihi A5 A7
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FEVDBEFABRIBET IV —5= |

tiltt1 %

2.5
2.5;3/'
2.5 ' '
Unit:[mm]

Tissue Cell number

Skin 19.439
Muscle 31.886
Fat/Bone 41,602
Eveball 152
Brain/Nerve 107,073
200.752

1991, 0. Fujiwara and A. Kato
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- — BERE, WRRiE, 2T
55115‘) 0) E*Agﬁgum’]\"ET )b | %E'I‘%#EJEEE;EE,EVM.J%—B, No. 5,
op. 720-125 200045 A

Scaled-down Head Models

Adult
Infant
Same
volume
9.3cm 8cm 7cm 6cm 5cm
v / / /
A B C D E

17-years-old 3-years-old 5-month 1-month 0-month
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900 MHz Antenna input power: 1 W
A B C
SAR [W/kg]
D E 10
1
0.1
0.01

0.001



BROEZLHEICETSHBEE

mE LR \

900 MHz Antenna input power: 1 W
A B C

[C]
D E .1

10.01

.0.001

10.0001

.0.00001

[Deeper penetration with decreased head size}
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1.5 GHz Antenna input power: 1 W
A B C
o e SAR [\i\lolkg]

1

0.1

0.01

0.001
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1.5 GHz Antenna input power: 1 W
A B C
D E -c[)of]
10.01
.0.001
10.0001

.0.00001

[Deeper penetration with decreased head size}
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E—SSARERE LA DRI Y 1 X ikiFiE

I Peak SAR 1g )
300 MHzZ Frequency : 900MHz | Peak SAR 10g
Antenna input power :0.6W B Peak Temperature-rise)
5.0 0.5
== (Gandhietal | 5 years old
(835MHz,0.6W) [~

AN
o
o
N

O
10 years old ol
_\§ 3.0 Aﬁdu't 0.3 §
=, =
0 <
3:) %g 0.2 g
| 5
1.0 0.1+
0
A B C D E
Adult > |nfant

Different trend between peak SAR and peak temperature-rise
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E—SSARERE LA DRI Y 1 X ikiFiE

1.5 GHz B Peak SAR 1g
Frequency : 1.5GHz ] Peak SAR 10g
Antenna input power :0.27W I Peak Temperature-rise
5.0 : 0.5
e Gandhi et al
(1.9GHz,0.125W)
4.0 04
Adult &
= A
2 30 10 years old Sygasold g =
E D é
— =
o
% 16 g
| 5
1.0 0.1
0 | e DS EeEm PPN O BER  BDD BER BUD BER B |
A B C D E
Adult > |nfant
Different trend between peak SAR and peak temperature-rise
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K TFEBDSAREIRE EH DIRGEY 1 X kTFiE |

900 MHz
Antenna input power: 0.6 W

12| W sARelg [W/ke] )

1] | SAR@10g [W/kel 0.10 =—

= I Temp.Rise [C] %
X 08 0.08
E. 0.6 0.06 §
EE 0.4 0.04 £
o

D o2 0.02 £
(¢B)

0 00 F

A B C D E
Adult =——— Infant

Good correlation between the peak SAR and
peak temperature-rise at the hypothalamus
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K TFEBDSAREIRE EH DIRGEY 1 X kTFiE |

1.5 GHz
Antenna input power: 0.27 W

121" W sARelg [W/kg] 0.12 o)

1| | SAR@10g [W/kg] 0.10 =

— . Temp.Rise [*C] D
=) 7]
x 038 0.08 =
E 0.6 0.06 g
X 04 0.04 O
< D
D o2 002 &
0 0.0 |q—J

A B C D E
Adult =—— [nfant

Good correlation between the peak SAR and
peak temperature-rise at the hypothalamus
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17 tissue types
2 mm resolution

1999, O.Fujiwara, et al.
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23-year-old head 12-year-old head 10-year-old head

7-year-old head 5-year-old head 3-year-old head
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SAR[W/kg]

BROEZLHEICETSHBEE

S - EkERE, TEBTF ABEHR, Edk—,
1005 ABFREIE—2SAR | Lt ETRERESRE
Vol.Js6-B, No.7, pp.1219-1224 200347 B

BB 3 900 MHz
17 tissue types 7>_7'+&j]%j] 0.27 W

2 mm resolution ;\’/4:E/;|—:_)[/7>—7-j— B 235%

1999, O.Fujiwara, et al. | ZJ-L]J'_E

2 W/kg 2 107

m 75
0555
O 355

_WRY
W 1255
010
B 755
0555
0 35%

Vertical Position Cheek Position Tilted Position
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Environmental Health Criteria Monograph (oraft)

Electromagnetic fields (EMF)
Radio Frequency fields: Environmental Health Criteria Monograph (Draft)

Consultation on the scientific review for the upcoming WHO Environmental Health Criteria

The consultation is open until 15 N OVG m be r 20 14

Figure 2.20. Statistical distribution of maximum 10 g averaged measured
for 668 mobile phones according to 1185 standard EN50361 (CENELEC, 2001).
Data from German Federal Office for Radiation Protection, in Kihn & 1186 Kuster (2007).
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MNEDLBFIGSARD IEEHEEZE XS ?

Jianqing Wang, Osamu Fujiwara, Sachiko Kodera and Soichi Watanabe:
Phys. Med. Biol.51(2006)4119-4127

An example of SAR calculation result for Japanese adult and child models

>
= |
8 NE 10; —— Japan Public Level
8 § 1 }\\ 1mW/cm?
G;’é E . 0.2mwW/cm? /
°57 01 : |
10 100 1000 10000
0.12 Frequency [MHZz] 4004
0.10 | 'CNIRP

~ Basic restrictions

0.08 (general public) m

—— 3-year-model
------- 22-year-model

Whole-body average SAR
[W/kd]

10 100 1000 10000
Frequency [MHZz]
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ICNIRPD 28 FEIJSARICII TS R \

19985E ) /= HA

ﬁ j{ “Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300 GHz)”,
7 International Commission on Non-lonizing Radiation Protection,. Health Phys., 74(4), pp.494-522, 1998.

Reference levels of exposure are provided for comparison with measured values of physical
quantities; compliance with all reference levels given in these guidelines will ensure
compliance with basic restrictions. If measured values are higher than reference levels, it does
not necessarily follow that the basic restrictions have been exceeded, but a more detailed
analysis is necessary to assess compliance with the basic restrictions.

STDEBUANNZETFTITSHOLT,
BEFFIRE®RT

=R}l{ http://wwwsoc.nii.ac.jp/jhps/j/information/nonioniz/icnirp.html
(COFERIE, ICNIRPEE THARRMIARXFEIZEHDZRELE HiF OPFEICLH>TRHSN-ELDTY, )

(BB ELALGMEEOHAEEDLED-HIZEFoN-EDT, COEEITRTLTO
SELA LB SIS RRSE A SN=C eI, E-EHAEASELALLYSL
AT CEBTLLEASIRERZ TOAHC LIS T, EASBERLTOEMESH
E5HET 510 I- LY AL AT E B BEL M SN B TH D,
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ICNIRPOD2EFEISARICH T IR 5= |

iL(20095F) D= H

J? }'C “Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300 GHz)",
7% International Commission on Non-lonizing Radiation Protection, Health Phys.,97(3), pp.257-258, 2009.

Some published studies (\Wang et al. 2006; Dimbylow and Bolch 2007; Conil et al.
2008; Nagaoka et al. 2008; Kuehn et al. 2009) showed that in the frequency ranges of
body resonance (100 MHz) and from 1 to 4 GHz for bodies shorter than 1.3 m in
height (corresponding approximately to children aged 8 y or younger) at the
recommended reference level the induced SARs could be up to 40% higher than the
current basic restriction under worst-case conditions. However, this is negligible
compared with the largereduction factor of 50 (5,000%) for the general public.

EIIERRICEH T SEHEAW/kg)ICH TS
BERII<EDEFHIIR(0.08W/kg)

IRITOEARFH|IPRZ40% LB A A REE N RE SN TLVAMN
NE(FLEIZRT H5000% (504 ) DK R R E & LB
ITNIXEETES
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FMRET I DIRE |

v 3years old: developed by NICT from MRI data
v 9 months and new-born: scaled from 3 years old model

51 tissue types

\
3 vearst 9 months New born ' » '
Cell size [mm] 2.0 170.25
J

Height [m] 0.88 0.70 0.49
Weight [kg] 13.0 8.95 2.97
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Whole-body averaged SAR[W/kg]

HDRETIDEEFIISAR

—— Infant(Spheroidal Model)

107} S——— 5.9k
102}

103,

'

104

—=— 10years(Spheroidal Model) =~ —— lyears(Spheroidal Model)
9months (2007)

0.7m
8.8kg

51 tissues 39 tissues

No data

EFTEHZE:0.2 mW/cm2(—iZIRE)

Frequency [MHz]

10 | 100 — 1000

10000
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—— 3years(1mm)
——— 3years@Nagaoka(0.5mm)

—=—— New born(1mm)
9months@Formula
—e— Adult(Spheroidal Model)
—— infant(Spheroidal Model)
—e—— 22years(Japan Female)
——— 3years(Japan Male)

—— byears(Reduced NORMAN)

- 9months(1mm H-polarization)

......... P 3years(1mm H-p0|arization)
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......... = New born(1mm H-polarization)
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—=&—— 1Qyears(Spheroidal Model)
Block Model
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—— NORMAN

—<— lyears(Reduced NORMAN)

—o— 3years(0.25mm)
—&—— 9months(1mm)
—+—— 9months@UF model
———— New born(0.25mm)

——— lyear(Spheroidal Model)
——— 22years(Japan Male)
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EZDABLARTRET I EDOMHIE |

E—
TILH AR AR TILH A X EREREE
zi >>>51FE4F 2 ,.% 517848
«(21 Unit:[mm] ’ I Unit:[mm]

\Volunteer Human model
Height [m] 1.73 1.73
Weight [kg] 73.0 65.3




. T SRR e RBELTERAEER
BRORSHEICHTSBINRS 4 | BT ASEA LOKE
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VHFE 2 8 FHSARDHIE |

Top View Pa:Pi—(Pr+Pt)<%<SAR>:Pa/W (W: Weight)

A

732 Input end

%

N

<343 - 6.10

Y.

[
»

Side View - Center conductor
g 2mm aluminum sheet

1.02

b L
/ Human volunteers:
6.10 | —
4.0 | Height[m] 177 172 1.71
\ Weight [kg] 79 71 71
N\

I 2 THill. D. A, “Effect of Separation From Ground on Human Whole-Body
Power denSIty' 13 MW/Cm RF Absorption Rates”, Microwave Theory and Techniques, IEEE
Frequency: 10 - 40 MHz

Transactions on Volume MTT-32, Issue 8, Aug.1984.
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e W : Subject 1(1.77m/79kg)!
: . : SUbjECt L(1.72m/71kg)* tHill. D. A, “Effect of Separation From Ground on
) Whole-Body RF Absorption Rates”,
: \ [] ZSUbjeCt I\/|(:I--7:|-|T]/7:|-kg)Jr K'A?gg\r;vaveqrﬁeo?yind Tecr?r?irglgleosr,] IEaI;eES
__: 0 : Calculated(l.?Sm/GSkg) Transactions on Volume MTT-32, Issue 8, Aug.1984.
: ] L) L) L)
0.2} &
< %
= 01} i
o X i
< _ % -
(fl) i -
R
L 0 -
= i 3 _
L .
Power density: 1 mW/cm?
0.01 ' ' : '

20 30 40 50 60
Frequency [MHz]
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GHzE 2B FIIJSARDHIE \

4.5m

Reverberation Chamber

Jianging Wang, Tokio Suzuki, Osamu
Fujiwara, Katsushige Harima:
“Measurement and Validation of GHz-Band
Whole-body Average SAR in a Human
Volunteer using Reverberation Chamber”,
Physics in Medicine and Biology,

57(2012) pp.7893-7903.
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- Top view !

A

1.20

e:Measurement point

v

1.30

5 Sample/s 1
0.5~800 V/m 1
100 kHz~6 GHz |

Unit: m
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HAlET/SFDIFEZEIL

Frequency: 1GHz  O: Empty
P =39.17[mW]
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AEBRMPSKRH/I-FHBNBE

Frequency: 1GHz
P =39.17[mW] O: Empty ¢

© o S
S

o BN
LI

o
o
o))
|

0.04

Power density [mW/cm?]

0.02f

1 2 3 4 5 6 7 8 <1~—8>
Measurement point



BROEZLHEICETSHBEE

1GHz :39.17[mW] _
P = J1.5GHz :29.79[mW] O: Empty

[1: With human ¢
2GHz :35.24[mW]

& g 300MHz  1.5GHz E
é 1 : ImWicm?
E 0.2mW/cm? / §
>\. e . - : -
= 01 3 Japanese guidelines (general public) 1 /150
5 : | | 1GHz: 6.6 pW/cm?
RN / 9 | | 1.5GHz: 5.6 pwicm?
5 0.01L R i - 2GHz: 7.4 uW/cm?
% E Hill’s measurement " -
=¥ [ i

0-001 (] (] (] IIIIII (] (] (] IIIIII (] (] (] IIIIII (] (] LA b 10

1 10 100 1000 10000

Frequency [MHZz]

T Hill. D. A, Microwave Theory and Techniques, IEEE Transactions on Volume 30, Issue 11, Nov.1982.
T1 Hill. D. A, Microwave Theory and Techniques, IEEE Transactions on Volume MTT-32, Issue 8, Aug.1984.
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GHzE 2B FEIISARD AIEEE |

Whole-body averaged SAR[W/kg]

0.08

0.06

0.04

0.02

B : Measured (Reverberation Chamber)

O : Calculated (Frontal irradiation)

O r

[N

29%

N «
1.73m/73kg@ ~—
>

O_
o4
\ Y/
— e
— e
. — e
—v -—_ I
A X

33%

4494

1.73m/65Kkg|

/' +\ * Power density:1 mW/cm?

Vg

Frequency [GHZz]

2
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GHzFH 5 FIISARDEH \

E-polarization _H-polarization

IMAZEEX TEE, BRE, SHIREMESESR, EMC-2011-22.
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GHzFH= £ 5 FIISARD B R LT H ER D LEE

1.73m/65k
@ :NIT (173cm/65.3kg) — Calculated™

- [ : NIT (173cm/73.0kg)
- )T Measured

0.08 . [ :NICT (170cm/70.6kg

0.06 -

0% ;ﬁ 8%

0.04

0.02 |-

" Power density:1 mW/cm?
0 ]

g \\l

Whole-body averaged SAR[W/kg]

1
t SRRABSEE, S8 EMca2011-105.  Frequency [GHZ]
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BFEESARIIZSBEIGSARD 20{ZEZ B A /EV? |

O (a)70MHz (b)130MHz A 400MHz | 2efiucs v

\ 200MHz O 1GHz No. 10, pp.537-542 2013
Percentile: Percentile:
. 1 99.09  [mrieaea 7]
10 10 ¢ 222:
S | {9995 | 99; A
= | I 99.9 %9
5(: 1 1 995 1¢ 3 ) '
s b | 1o\>< WBASAR 99
S | . SAR.
| 99 |
0.1f . 0.1F “1xweA-sAR
0.1 1 0.1 1
WBA-SAR [W/kg] WBA-SAR [W/kg]
7.1x10° (a) Pregnant woman (b) 3 years child 1.6x10°

Voxel

$EiE AT 3 IR el
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EHRAEBRIE<EOREMHE?

BHRIRIE D (X <EFEMF : RRERNAEMIL T

Base station antenna
® 2000 MHz band

® 800 MHz,1500 MHz band
® 1900 MHz band
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BARRBBRISI<BEDOAAIRSM

ICNIRPT

5 FHSAR ( FEIRMBAS DIFEHEIC® I 2F| & ORFA 1 ZEB A 750

‘ &Y WBASSAR, WBASSAR [Wikg] : BIR#S; TOIZ<EEN £ H FHSAR
¥lwea-sar &= \WBA- SAR WBA-SAR [W/kg] : £ & F ¥ISARD EL A il R B (4 2242 5 T%0.08W/kg)

BHIRRE  FRIKBAS DEHEISHTHEEDBRMAN1ZEZEL

E (1) E, (f)[vim] : 8 BRME (65 T OEMNIE)
B (f) E, () IVIm] : BARS AU hE o B {5 4tHE

Squared electric field

[ MZ

F(i=12,...N) [Hz] : R
= o By SEEfe Ll + +

BHSFEE KRR DEEEICH T HEEDERMMNMIEEBEZGL

T ICNIRP,”Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300GHz)”
Health Phys., vol.74, no.4, pp. 494 522(1998).
T RBAERGEIEL ZEMSE"ERMAIZH D AKRDFLETEE,1990
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Base station antenna

® Measurement point ® 2000 MHz band
® 800 MHz,1500 MHz band
® 1900 MHz band
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A Pregnant woman A 3 years child: FDTD calculation (Power density : £ j;ax )
B Pregnant woman [J 3 years child: FDTD calculation (Power density : £ yepian)
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_ 0.08 W/kg: ICNIRP basic restriction' (General public)
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J.M. Osepchuk, R.C. Petersen

IEEE Microwave Magazine, 2001.
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