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Investigation of the Variation of SAR Values in Mice and Rats Depending
on the Exposure Conditions in Whole-Body Exposure Environments
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Abstract

In animal experiments for EMF exposure, it is very important to estimate the SAR values accurately in animals.
In this paper, we investigated the variation of SAR values in mice and rats, depending on the number and separation
distance of animals and the existence of the water-supplying bottle. The whole-body of mice or rats in a cage were
exposed in the reverberation chamber at CDMA and WCDMA frequencies. Simulation results show that the variation
of the whole-body averaged SAR is larger when several animals are exposed in a cage, compared to the existence
of water-supplying bottle and the amount of water. It turns out that compared to single mouse or rat is located in
the cage, the maximum variation of the whole-body averaged SAR values for mice at 850 MHz and 1,950 MHz are
153 % and 14.9 % when three mice are located in the cage, and those for rats are 18.7 % and 21.1 % for each
frequency when two rats are located in the cage. It is concluded that the variation of SAR values depending on the
exposure conditions in real situation cannot be ignored.
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SAR #& A EHoldsly & 274 w2 SAR

162

J8 1. vhs-29) RES] AY 2y
Fig. 1. Phantom model of mouse and rat.

AHESHA AL, REE W5 37 A(AFRL: Air For-
ce Research Lab)oll A 7] 23t Ay wdS AFE-31%
o FE 299 ol vhe-29 HE 742} 106 mm,
220 mmo| ™, voxel sizev= Zt7F 1 mm(x)x] mm(y)x1
mm(z) %} 0.39 mm(x)x0.39 mm(y)x0.28 mm(z)°] 3., |
& 7b7t 308 g, 337 golth

AlgdolAel ARGH uh-29 RE 22 o] F3}
T RS 2 EAE 3 E 1A BFA 9
o g3 w20k FETF Eof & A0A Y I
71 Z+2F 270 mm(W)x260 mm(D)x180 mm(H), 420
mm(#)x260 mm(D)x180 mm(H)o|™, +3 =
240t

AlEd o] kel A A8k ukel ZFo] 850 MHz
9k 1,950 MHz Fakoll A Alo] A ¢ 7t Holl 3 F3}

1. wbeas HE A9 Fope ¥ EAE 1)
o o
e
Table 1. Conductivities and relative permittivities of
the tissues of mice and rats for each frequ-
ency.

Zg2=| 850 MHz 1,950 MHz

Con. | Relative | Con. | Relative

x4 (8/m) | permit. | (S/m) | permit.
Blood 1.62 68.91 2.12 68.50
Bone cortical 0.13 12.50 0.30 11.68
Fat 0.04 5.47 0.09 533
Muscle 0.92 55.15 1.42 1.42

Intestine small 2.13 59.84 2.80 2.80

Lung inner 0.44 22.10 0.67 0.67

Stomach 1.16 65.21 1.81 62.90

Heart 1.20 60.23 1.88 55.94

Skin dermis 0.82 46.29 131 43.60

Intestine large 1.05 59.20 1.68 54.83
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Table 2. Classification of exposure environments(mou-

7l A

se).

Case No. | 7}A & AE &

C(aéj)l I Aol oo 917

Case 2 ; AolA FYe THLE | mm
(C2) HA 91X

Case 3 ; AolA FUe TAHLE 12 mm
(C3) HA 91X

Case 411 | @y glo) AolA Zme) 913
(C4)

Case 5 | £ %01_ A9 1S o
(C5) AolA ZHo] $X

Case 6 | EHd £l _7}5 A9 o
(C6) Aol ZH A

3 =% 34 ER(HE)
Table 3. Classification of exposure environment(rat).

Case No. | 7}A ¢ Al 913

Case | )
(“gel) I AolA Fool 915

Case 2 ) Ao)A FotS ZACZ | mm
(€2) HHOE 9%

Case 3 ) Ao)A FotS ZAOZ 12 mm
(C3) HHOZ 9%

Case 4 . )
(aéz) I 29 glo] Aolx =W 9%
Case 5 | o] Eo] 79 ¢S o
(C5) AlolA ZH $1A]

Case 6 | EHo] o] 715 A UL 1
(C6) AlolA ZH $1A]

L& 2o wE vleAol YPE SAR F W B4

mm(case 3) ZHAC= oA s 7l st

Astit vhe2Eg RES) 4717 Y A7)

1 AES] AFole F U}ﬂﬂ Al A o AAE 2
7ol tate] AlEe ol st

] uhE AlEd ol =

e
AAEE ¥ 20

e Wehel X8 87 (case
4 71E0 R Askom, wo] A glE $7(case
5)3F ol 7t5 7+ 37 (case 6)° th3te] AlEH oA
S Fsnh delA dFs AEHA S
F 2, 39 Aestirh
M. AlEeold &2t
9 20 Bl C19] =& g7l thet SAR 3t
Ade F 49 2ok A4l Fol7] el A4l
7 SAR #o] Z23kAuh Fu 2 Hu(peak) 1 g
SAR #= YERNSITE 1 g SAR %o Al g &

% 7% 2364 ey,

F 3147} 850 MHzQ] %1t} 1,950 MHzS! -
o v}$-29] SAR Fho] T & olf-& whg29] 2o
7} 1,950 MHz2 @7} 850 MHzE.th 3R Z AR}
29 7o)z} wt gpgo] B= 2o 77 Wl Eol

(2) P2 (b) RE
(a) Mouse (b) Rat
8 2. AolA etell Sl rh¢-29 HE RY(C1 )
Fig. 2. Models of mouse and rat inside of cage(Cl
environment).

E 4 ClAAY w29 SAR %
Table 4. SAR values in mouse for Cl.

F o AA T SAR | Peak 1 g SAR
(MHz) (Whkg) (Wkg)
850 5.832x107° 1.249x10~*
1,950 1.751x10~* 3.713x107*
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ey

(2) 1 mm (b) 12 mm

8 3. =3 7 C2, C39) thh mpg-2o) whA|
Fig. 3. Positioning of mice for exposure environment
C2, C3.

37 C2¢F €39 tigh mRe-29] SAR #

Table 5. Variation of SAR values in mice for expo-
sure environments C2 and C3

Azl | F34 | A4l HF SAR | Peak 1 g SAR
(mm) | (MHz) (Wkg) (Whkg)
1 850 5.103x10° 1.215x10~*
(€2) 1,950 1.491x10~* 3.505x10
12 850 4.940x10° 1.144x10~*
(€3) 1,950 1.610x10~* 3.684x10~*

o AR AA FEAd ASEs A 2%
AMe) 739, 850 MHzoI A 10 W " Eo] 17k 75,
A el AN A7 A8 ok 576 Vim

2ZA, o] W AA FHF SAR #HE 0.39 Wikgo] H ot

9 3 Al e e] mhg-27F Ao) Aol A8 7
o gk AlEd ol B Bl Aotk FE A
o] 7¥AL 71 7k EW Atel9] ARlE Ve
s, 12 mme Foi% AR QoA o]AAZ
A= Hd HFeltt kF I 29 3o Wi
SAR %< & 59 Zth

3E 5ollA & SlRol, AolA el mh-27t
ote] olg 73--oll Hlsf wh-27h Al Wkl S S
SAR #tol Zastglon, mhg-2 Abol o] Azt 7}

28kt oA FaETE FOHA L, vk Aol

¢ uhet A2k ae] AFeh(blocking)
F37 o A7) wEolth & 59 SAR # vk
7b Al ek ke 7 2 JRAI9] SAR e e
ZA0R, eE 37 Clof Hls) A2l H# SAR #h
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(a) ¥ 91X (b) el st FE
SRR
(b) Position of animal

(a) Position of bottle
08 4. 290) 9 A9 ABAGH 87
Fig. 4. Simulation environment with the water supply-
ing bottle.

850 MHz9} 1,950 MHzol A 2t} 153 %, 149 % 7+
2atgh Hdl 1 g SAR 79 7Z-F-oll= 850 MHz}
1,950 MHzo| A ZTh 8.4 %, 5.6 % ZAsHoH, A
Al %7 SAR groll Hls wsteke] A717F AA e
Hoh FIE e F 34 29 C3A Al vhE vk
2 ZF WA Abol 9] Al 3t SAR %he] HAHE 850
MHz A= 7t 3 %, 5.6 %°1™, 1,950 MHzol A&
Z+2E 172 %, 22.5 %2 AA YErst

O9 4+ C5 2 Cooll tigk AlEgold o s

9

B Aol C4E 2° 4olM &0l fle B4
kE S vehig
2o HFAE2 AX 25 £9] $RFE AR

oo N\mwﬁ,,,

40

20

200 MHZ freqgeuncy 10 GH=z

08 5. AASY §4 A5 24 A%
Fig. 5. Measurement result for dielectric constant of the
distilled water.
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Table 6. Variation of SAR values in mice for expo-
sure environments C4~C6.

R

7l A

£ | Fog | AA H SAR | Peak 1 g SAR
(MHz) (W/kg) (Wikg)

oo | 850 5.689x107° 1.186x10~*
(C4) 1,950 1.965x10~* 4.245x107"
%32 850 547731077 1.149x10~*
(€s) 1,950 1.874x10 4.160x10~*
7HE 850 5.773x10 1.201x10"*
(C6) 1,950 1.947x10 4209x10

ot AlEH Ol A= i 63 2Tt
ol gle A(C4% vlals) & o, 850 MHz
<} 1,950 MHzoll o 41 4 SAR #2 Hd) 47
% 4.6 %) tﬂi}—e— Atk C69 7%, SAR ko] oF
Z718F o] f-E SAR 3t Alstel AMEEHE 1279
?M I S A np-20] Zo] WEFo 2 Hnty
470¢] JALTF7} SAR Frell WX & ko] A3, o]
oA vk 29 Wkl A AL W EHf
o3k HhALR Q13 SAR Fhol S7tshy] wiEelth
T3 C13} C49] A3E v wshd w27} & w)
2 e A, AAol ©E SAR el WIS &
2= 9tk 850 MHz9F 1,950 MHz2] 7§ SAR #te] ¥
S 7247F 2.5 %, 12 %EA, vk$-27) 3nke] Qe
7459 ket vs 42 Ao Yehkt
HE AL wF A Cld o A Hg
SAR #t3 Hul 1 g SAR #t2 3 73} 72t} 850 MHz
o X1¢] SAR Ztol 1,950 MHzol 41 ¢] SAR #LE T} o
A YehtE ol RES o7}t npe-2HT 2
o] 4] 850 MHz& ™7} 1,950 MHzE. T B 27 %7
of 7}27] wioltt.

H 7. ClA 9 HES] SAR %
Table 7. SAR values in rat for C1.

F o AA g SAR | Peak 1 g SAR
(MHz) (Wikg) (Wikg)
850 5.524x10°° 3.018x10
1,950 4.657x10°° 2.225x10

L& 2o wE vleAol YPE SAR F W B4

(2) 1 mm (b) 12 mm

J8 6. =3 374 (2, C3o 3 HES] ujA
Fig. 6. Positioning of rats for exposure environment
C2, C3.
# 8 xZ 374 C2¢ 3o g AES] SAR 3
3
Table 8. Variation of SAR values in rats for expo-
sure environments C2 and C3.

R

Az | FI4 | A4l HF SAR | Peak 1 g SAR
(mm) | (MHz) (Wkg) (Whkg)
1 850 4.489x10°° 2241x107*
(€2) 1,950 3.674x10°° 2.069x10~*
12 850 4.854x107° 2.476x10~*
(€3) 1,950 3.685x10° 2.060x10~*

b e

SAR 73}3 i 84 7‘5}

i 89 A3E AW R, vp29 59wzt
A& AolA Well REZ} ¢ whe] 9l& 735 Hla)
HEZL F vig] oS 7§ SAR #ol TAsA T, vt
S22 Abole] ATt VST E, FOEF 55
SAR Frol o ®o] A3ttt & 89 SAR @ &
EZFF vke] g 739 7 /HA 9 SAR e Hardt
AO=Z (2, C3 37 thst A4l Hit SAR #e o
Z 37 C19) B8l 850 MHz$} 1,950 MHzol| A4 7}
18.7 %, 21.1 % 743k 2™, 1 g SAR %] 73-9-¢]
= 850 MHzS} 1,950 MHzo A Hth 25.8 %, 194 %
sk Fa2 & 37 29 C390A4 Al nlg
np-2 Zh A Abel o] M HF SAR #He] Ak
1,950 MHzI M= Z+2F 6.8 %, 1.7 %©]1H, 850 MHz

&
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B9 k% &7 C4~Cool thd AES] SAR 3t W3}
Table 9. Variation of SAR values in rats for expo-
sure environments C4~C6.

29 o F3 | A4l HF SAR | Peak | g SAR
(MHz) (W/kg) (Wikg)

Woge | 850 5.732x10 ° 2.802x10
(C4) 1,950 5.287x10 ° 2.738x10
zz 850 4585x10 ° 2.594x10 *
(€s) 1,950 4272x10°° 2.050x10~*
7HE 850 4793x10 2.594x10
(C6) 1,950 4339x10° 2.370x10

AxE Z %, 14 %= o IA et

R “IZ‘I 1
JEZF EH gle AoA Ul 7Wzmoﬂ 4
73-(C4) ek 17 40 Bl €59 €69 F A0

25

T

gk AlEgold A%E X 9 1 B

a“EPJ 4, Byl gle ( 49k =1l 2l
= A$(C5, Co)E vs] & HH 0 MHzS} 1,950
MHzel tjst 4l 3 SAR 7 94 w3l g A
20.0 %, 19.3 %=A PR-20] A 5o Bl iAo

Z wgtekol A YehEth % €69 7F7F C5
o] 73§-¢l Hlsh SAR #ko] <7k S7HE o) f & why-
29] ZgelA AFeh upe} g2k

23 Cl13} 48] AFE Blasl BH, HET} o
nhe] S W $IA| o] w2 SAR #te] WalgE 850
MHz®} 1,950 MHz8] F3}el| A 242+ 3.8 %, 13.5 %
ZA, REZF 7w A 450 wstEEn A

A% % % 9
ARHOZ B RRAN BAW B =3 @
7 FAH A 9ol 2 AL vhE2 EE YE o
8 thelst $A9 mEHE 499 A0E $49
itk
N# E

B =20 X = CDMA, WCDMAO A np-¢-~ ¢} =
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4 wshgol 714 AA vetskeh vk g A
Al 34+ SAR 9] Hdf M3k 850 MHz4F 1,950
MHzo| A ZH2} 15.3 %, 14. 9 %olH, HES] A0
= A7 187 %, 21.1 %<] WS Bl meha A
Ao X ) thFd 3 270 W SAR #
st FAIS F glom, FEAY AA % A
A Z79) W= SAR el W3}
2SR wdd

ot ¥ lo o

ilfes M ® m‘lN’ 1

(1] H5A19 93] A, xﬂ 2009275 A=kg} Q1A
H3 7% 20099 11€
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