13 ®R

13-1 HROEEIZDOINT

13-1-1 EDE#E

BEE ) =7 OBFICONTIE, BOEETHD FrREhEICET 25l Lo L ED 55RO
—HEWIET S5 R CE 2448 A1 B EHEREE S RE 8556 5) | LU T#GEICET 2806 Lo
HEUWELEDLEGEOMINERED R IEICHSOWT CER 2448 A 1 B ESHE 42 5) | 2B
TPRRDOEBVEDHILTWVD,

(FEERERIEIZBIT 2 Bl oo B HEZ 2 o 2 5 7R)
FO6RELHE 45

TEM (B IRALEE O FEMICHE T D ER O B A BT SRR 2 i 2 7o R BT K
O YL & B )3 A SEE o B & OFICHEs S D BHART (LLUF Z O K O -E ]
BWT TREEEIE kaoo):mzéhé%®%%<ouTﬁLo)\@L LR, BN
8, B JFAELEE K O OEJRICHET 2 EE T, @EOMAREIZR N T, Yk
%%é#é@ﬁmiw\%&%ﬁ®%n%n®ﬁ 2B WT, ANDRFEIZEEZ KET LN
MIRN K D ITHiEE L7z iT e ey, 7272 L, B, (WARZ Do NOERD D I GFTIC
BT, MEIZEEZRZFTRBENR72WE IR T 255 1EZ ORD T,

y

¥

%

W

H6SRES 575
%E%%ﬁ%ﬁ\‘ﬁ®ﬁ%%%iﬁwf UL E R BT DI DRI =
RFERBITFEOMITICE N T, ADREICHELZ T TN 20 L 5 ITHidk L7 filli
RV, 22U B IARE OO ADTERDNDIRWIGETIZIE N T, AMEIZEE 2 M7
BENRROE D IR T 25613, ZORD TR,

(BB RET 2T B HNEZ B 58 55 ORHRIEYE)
%56 k5 2 T (4)
Mk Kk OV L, ROEEITEASTLHHOTHLZ &
Ok KO L, B (B DR E oM EREIC G T 2 BRO BB A L+ 5
BeAR 2 i 2 T2 R BT R O LR R T & B ) F8 AR AE & o0l B3l & DRI HiRR & 4 % BA P
AT (LAF TREEZEEHE] 0o, ) 1T S22 b0xkR<, ) . BELHA, 7L
aA ), HEtEa AL, FBE L — L R OIEEEAME B FRRE I N EEEBIEDOENE
N BRAET DN 2 Q@OWEFIEIZ LV RO TR EORERE (R H > T
IXFEAME) 3. ERRIEBHEA R EZ ES O R LT 5 ER LK ORI < &l
BT 54 T4 (2010) | OARII BT HSE LV RN TR Ol
BRI T AT A KT A2 (2009) | O—RARIBEOBREREMUL T 25 L9
HiERT 5 Z b,

BR 13-1-1



QMIELLRE T, AARTZES JIS € 1910 (2004) T AKX 7 2 B8 L 7 ARJE B L O
%ﬁ@w — R ELR ORI ERFHEE OMEDOFL &) ITHATH3#MObLOTHD =
&

@MIE T, TEC 62110 (2009) K TN IEC,/TS62597 (2011) IZHATH2HLDTHDHZ L,

13-1-2 ERFFEREMSRIEERS (ICNIRP) DEZEZDINT

FERIERE DL THEAE L STV L EEIEBRES MI#EEZ RS0 TRFZ T 2 BRI L UHER
SHBERIRIZBEAT D HA RT 42 (2010) | OARIZLSBEIZHT LB LV KD TG O

REMICBIT 204 RT7 4> (2009) | IZOW TG 5,

ICNIRP O FEHEIX, T E CICHER P CH SN IEMASER ORI L, Mia L~ BiiFse, AR
RGeS FIF TR OBLEN D L E 2 — L H 0725 3 5 5 LW SN BICESEED LTV D
F9 1Hz 75 100Hz £ TOEBBEFUZOWTIX, APt KOk O BRI, 72 5 QNSRRI B
ZOFHF. KO LES) & OO K O 22 MERE NS E T LY — BB EZZ T 5 W He
AR LT, 2RO ETRD DNBIEICER &, KU (BREE & HEE) BED LI,
NEINTT —Z 2O FHIET VBIZ Z 0 . FERBIRD R L OEFICET 25Z L~ un
HX s,

WIZFRREFUC DWW T, 2T LA BT, BRZ, ME5, APt &E—mEoR8n, H 5 Axi2ksn
TR STo Dy, RANHY F 72X E R e @ R 2T S M S A ShTuniawyy, L
MWoT, BIE, MEK, ZOMOERIERZET 2720, —MKAIBSG T DR REEIL 2T & &
DHTE, EHIT, AR T HRBEREME (KDL EOHZIIZIHBNT) 400mT X, WIERIR
Fx OFAES « WEEBICKT T D REE AL EARICL, ZAUTERBGRE S 2@ L TE»RICbDTH D, Z
DIRBARBII AN NEF O LR E A ZBR LT b D TH D,

B, AR LV ORER O EIIGER OFEEIZ OV TIE, HRAREHEET (WHO) K OVICNIRP 2LV L E
2 —MTONITZN AR EEDOGHLE W25 D137 < WHO I 20074E6 A D7 7 7 b 2 — b No. 322
IZHEWT, BEMIEWIES BRIREARHT 2BORITER INOIXRETERNWZ L 2B TND,
EHIRZEORBIZONTL, 4B BMADINEICED TN,

13-1-3 EEBFB(COLT

R R A —J =R EEREEIC OV TIE, IONIRP DX S &1L LTV, — 5T, X—RA A —H—|T
OWTIE, EFEAIMER MR T R XS InT &3 2 EEEE 1SO 14708182 N EDH L. %
Ko LT, BAEFBE T THHAABRLGMER— 2 A — 8 —SAGREHEOH EIC O T IZBWT, InT
EENDON—ARA—H—ORARBEEL L TWEHT, FIHEITICSH T2 > TIARRARIEHEZ AT L T
<o

Fo. N=ZARA—=H—LHNDERA T T2 MTOWTIL, A% DE RS O FE RSSO E N L%
T 2EmMAER L, BERBRFEITo T,

R 13-1-2



ICNIRP A R Z A

ICNIRP 2009

FRMADOBREREEICETELIANSMESTI Y

EFRIEERE AT IR ER AR

13-2
Fré
PESE & MR BT 2w SR B iy o0 o 72

I, NOBENREROMRKE 6L, i
WXL VAECDAREED ® LRI OV TS
< OB RN 2 SNDITE ST, TR
B (WHO) (Ifcir, BRERIEY 747V 7 71
77 2 (WHO 2006) H O#FE IS L OHRESIC
BT 20k&E7 747 TXi%{’FEJ‘Z L7z, D3
X, FRAIZRG ONREEIC L D W TR E @@ﬁi
DU Ea2—%FH MOEEOTITY (175
EFEIEE %m%ﬁwééaé(mmm)mm,
McKinlay et al. 2004 33 J2 TY Noble et al. 2005] & 3t
(2. 1994 4EFI{T0D ICNIRP C# (ICNIRP 1994)
RO OIARLEBETHRRO N A RT A4 DR
MOERICK T LIRFHT —FX—2 L LTH
MNOBLDTHD,

EEEEM

DA RTA NTBHENB L O—KARD
ErREICE T 5, ZOHA R4 idlESE
MW E 72 13RI 2 = 1T T 5 B OIRERITIX
WALV, BEOEICE L TEE T~
FIHT, BERILSE YL (MRD BREFOBRE O
B53#12B94 % ICNIRP A7 — bk A > b (ICNIRP
2004, 3L TY ICNIRP i) (RS TWn5b

* ICNIRP, c/o BfS — G. Ziegelberger, Ingolstaedter Landstr.
1,85764 Oberschleissheim, Germany.

WX EFCERT G Ziegelberger, & 721 info@jicnirp.org

(2008 4£ 12 H 4 A JFEFEZAH

0017-9078/09/0

Copyright © 2009 Health Physics Society

MEE B

R T DIFAE L BRI DT b0
[heb S RPN Eﬁﬁdﬁ?‘i faf O ERRYER) (BT ORGSR
ité [FRRIC ., BES LR B ) 2 B AE S

. FHTEMRBNNTWARFOATH D, Bt
imﬂkwkbfﬁbéﬁAMﬁEEBitiM
RBEHO B DI HLOELLRREIND,
B & HIITAT (T) &7 X7 fHEA— LV

(Am") TERENRERSIND, BZEH, BLW
ForcEZE LT E H R TOB & HIZIEK
DORARIMN AL Y 32,

B = pH (1)
R(D)DEFIEE po 1L H HZERF OFERR T,
~ ) —fA— kL (Hm') TRIESH-MHIT 4
T X107 ThH D, LIEN- T, KETE I3
PRI (R 2 S de) O 2 e el ©
ST 572 DIIL. B HOEL LN —D2DEE

BETHIE L,

WA FE B Skt LEEEL G AN v CilEEh 35

BT QIET AN FORE IR TEHEZ BN
F=q(vXB) (2)
71 (m—VL Y ))) OFIE, B & B
BEDORY MR THRE D720, FIZEM O
DFHANCTEE T D, fiik & LT & w4
HAERIXER OO TN b2 2938, &
FEWCEARITE 2 S0, WG A AR~
NF—ZERT ER,

WA (T A7 CHEIND) 1, AR
WL TRLBEFROHIMEEL L TR LN
TWD, RO EFEIRN OB IX, D
t & WA FE ORI kT D IER Ry & OFET

N

13-2-1


syuhi035
タイプライターテキスト
13-2 静磁界の曝露限度値に関するガイドライン（ICNIRP 2009）


BHo,

#F 1. HEROMEE & ST BAL

) PR k=2 HAL
E=A7D 1 T T (A)
R L J T AT I A — hJL(Am?)
Tk LR H T T g A — R (Am™)
Tl @ 7 = —/3—(Wb £721% Tm?)
T B B 7 A7 (T)
TS M ~2 Y —fg A — bk JL(Hm")
B 22 O RER o 47 X107 Hm'

R OB E L AL A2 R 1 IZERNT 5,
EFREALR (SD IR FRISCERIZ TV S0 5 EBR
IZRD DN HALRTH D, BB
THMEE, WEE, B, FPHEO LV ERRY
A ML UFEMRIC OV T, % (X ICNIRP OB FIfT
¥ (ICNIRP2003) #ZMTX 5,

REEER

HIERD BAROEBEFIE~50 T TH 0 | HIERAINT
BT LT~30 2°5 70u T ECTEHTDH, 20uT
FEIE DORGARB 1T S EEREEMR FICAET 5, FHk
L T LWEEE AT OREIC K D & HIT @O
FEOWRE RN & 5, MRIF LIZES < Sk
FIHEE — 7 — i CHEBR &S WBEREE 24 T S
W5, BERIF RS, ERAEREOm ST &, KHE
WREFUT AR <, 1000 T LR TH D05, KHIIR
TIZEINTEA X7 2L R~ izB T
MK TH mT OFFTRIBER R4 L 5 (WHO 2006;
ICNIRP 2008), % Dfthh, JEFEREEI L OGEREE C
DOFBIFRFE AT, 7 Y v 7oA g o E (N
I RE BRI VA T LA Ly b
KAV b WA DILEE &) O/NUKINEA DBV |
TR BITRATINC 0.5 mT % k[6 % 8 R & 84 S8
Do BbmEmWIFBEERIREE T, KIS (MR) 12X
DRWRA & T TV D BEICE X 5, MR X2 |
DHEEREBFH =D, I ENOHARRIITA
DA ROT=DIZHIREIZLFIH S TWD, MR

IR B S DV TR Y . MRI & RISy
JeiE (MRS) ORJEZ 729, MR ALE H o BRI 221
WL 0.15 75 3T T TOFMICH D | BRFEIT@H
LRI L DL L ED O TV B0, ERER ikl &
HV 15 (Gowland 2005), MRI % o EHE) 72 )
TV A LT TONANEFLE X E T 98
K Lo0bb, ZivhOLEITENRTE, FFicE
MR OVRHE., O RREAT . Bam, HIE)
DOUEFHEREZ LT S5, LE | ERA Y v 71
R CHIEM £ TORRR, EEBREEN IV D
BEbLH D, EFEEMENEFICHEFICHEELL TR
ALZRTNERLRNE I RRAELE T AY v 7
DOIEBRITEE D, S5, MR VAT ADONHT
DEFOBENFICA S v 7 OEREMBENE X 5,
B#IZ.MR ¥ AT AORIERIRFITR DD AL v 7
HIRERIT, ROFRESUICIRE SN D,

FERERY MRI X, BIfE, B M OEREIC DWW T
i, BEFAFRIZIAS FIA STV 5, K TR
10T £ TOBESR %2 V2 MR & AT LBSHLLE, iR
FH DN DD DORFIEFT THIZEICME oA, #FIEATN
BEEREB ST IIRSLMBOKRES CGEizS R
TW5, ZOMOFFRROERSHTHREILE X
b, flixDANTEIEZIELWEANCRET 57200
W ORI, Dl 7 — 7 VA & E5 < =iz m]
BEOKAAE VDB R TS —va i d
Thb, LML, ZhbOEEIIFATHIRA L)%
EL7R0,

13-2-2



BRVMEE R BRI AR BBRRIR 1R AT A
HBFEE A ER e & RV —HIFIC B W T H 3 4E
T2, B rmHiEmE, b indEss. HEEE S EH
M. FINCIROY B E 2 & 2RI 2 ERE I b
INDEERDICEWVMREEO ) TR 5, H
FTRT N =T LDOAEFED K 9 IR BRSY R %
BETHHEE (ZOL) RGBT DH, ZFEALL
DI 8 H O BRI I3 mT T, HAKTEH 10 mT
DIFFZEE— 7 lEMED) 8L OKARA ., BtEER
BEORLEIZH#E D HFERE T H IRV~ DIgEE AV X
%y

HFHERDO L E 21—

HMEERDAH=X L

FE S & AR E & O EAER OB A =X
LELTHEN. SN DI, BKFEE, BRI
FEAEN R LOBAETHEEHN DO 3>TH S,

WMRiFe
ZOAH=AAITERE LT, BLFOMHEAAEH
x5,

 HWEN T HEME L OBLIFHIMELEN @ BRI
EENV T DA A U EMARICe— LY hERIEFE
L. ZNUC L > THFEER L BEREAELSED, 2
OFEAERIZMEIC L 5 BKAHEEMN ORI TH
D, T CICERRPIAENT S STV 5 (Kinouchi et al.
1996), ZOEHELICLE, DlES—r T Ea
v b e — v BB ST BT e b BUR AR AL
THAHIN, 5T OHFICHT D Z DML TOER
FEFEITH 100 mA m? & FHR S e, 2 DR E
SHNEENZ K 2 NERMEE RO R KEOK 10%I12H
72010 T OBAITHI 20%I1C B2 Z & PR S
iz, DIRESAEB PO EKET V&2 W ZER
DOHERE~ DB OFEM 2 RFHC L, 8 TET
DOWEFIT OB E U X LITRES DR MEIE 20
HOD, XY @mWERITH LTI IS T LHIE
L2 LivenwZ ENR &7z (Holden
2005),

WFEIND, FRT, BERARITIH - 7o @B <[
HREENC KD, B—RR P L AR T O 5
TH, EINZHET DMHRESHE N EE D,
SHHREVIC, S —ERES T O MR D EFES) T3 2
TR E vy, ARER P OEES TIE, #FE
Ei L OZICERT 2EROKRE S 1%, EE)
HELIOAROKRE S Eind s, 3HEIC
FHIE 23T U EOBRAOP £ DT
D@ OE X2 K DFFEERTIERANREDNH D
KEZETHDHZ & (Crozier and Liu 2005) ., Z D K
O IRER P CENK BE, RT T 4T, 1EEET
DOEBRNZERESIN TS AR - EEX - X
P83 (Schenck et al.1992; Chakeres and de Vocht
2005; de Vocht et al. 2006b) D JFAIX Z AL TR S
NDHTHAHI ZEMRSNIZ, 3 TOEHH MRI
Ay FJERAOBF T, AT« sz £ o
HRE e NADEY X IZ XV FFE SN o RmEN %
NARSENL CRHI U726 2R, RIEES, ZEE. F&im
TENEN, 015, 0077, 0.015 Vm' Thoiz
(Glover and Bowtell 2008), St v — 7 fHILMg
030 V' EEHAlS Lz, Z ORFSETILIES)
HEPRFARIN TV RWAICERZET S,
Crozier & Liu (2005) (%, —/E#HZ 0.5ms ' T4T
BEAIEAT D LD R AMEDOEE TR W TERA O
RRFHEBRBETBBLZ 2 Vm! EHEE LR,
ZAUIE, JEBEEIPE 10 Hz-1 kHz (23815 2 Al
B O BRME & 53 K% Ly (ICNIRP
1998), L7 L. AMADE) X (T K 2 BESEB) O #
BRI KR DOEE 10 Hz LR SIZiEE L
RITIIER S0, 10Hz &0 ) EEBuT, bl
T CIXBENMKFEET N O AL F T v RVOE
WATEHAL 2SR T, EIS S K0 Al oo
MEZEMENE T 5252 &2 EWT 5 (Bezanilla
2000), Bz, BT O O R K ONa]fixE#E
BN K DAL E O RS IR, 0.4-4 Hz D]
T2t 9% (Grossman et al. 1988; Pozzo et al. 1990;
MacDougall and Moore 2005) ,

HR DM E
N e A A R r L NS
o HEERE L OER - BREEBHT ARSI, 7 \ﬁ * f*ﬁﬁ% RETIEOHR
s - T LLFD 2 S>OFER B 5.
77— ORHENIC Lo CERIICEIE | L e
FMT B, BRI OMEBC L - T b R ER ' SR

3

13-2-3



NFX—Zf/MET D&% LD LB by
2T D, ZOMPIE, BB YEN KX T S
B THERAERIZONTH HaIciEE N T\ 5, 4
LT&WW%E@M%ﬁi#%C¢éWﬁ(~m5

DD, ZONEHFEVIT/NHEL, ERNTEES
&3@1& L7V & E 2 5T % (Schenck 2000)

L L, WL O OBFEOIFHCHE Y OB D )5
DFN0 IR DD D Z LB RENT
W% (Kirschvink et al. 2001; WHO 2006), = 51Z
PRERRLS. (517 T) I3MIR o S E O BRI A 5| é‘
BT EPRENT, Thbb, § 1IN
3IEIE TOMICSH D H = VR CHVEIE O J7 I 4
b5l &k Z 7z (Valles et al. 2002)

o BES )R HE - AR B D ERREIT. MR,
WA OB IFICIERONHE S 2T S D, 20
TIOFNL, FEREER TR AR S LR T TH
0. KEEHEERTIIRRME TH D, TORE I
W B (B) &SR ARE (dB/dx) OFEIZ AT 5,
A EREOERE 1 OBRSH HFEDOATF—L) O
THO XS 72 @Bt R < ik, K& eiia
Bl COMEEIZ X0 fERZE b 72 b9, ARy E I )
< HDOKE X1E, BdB/dx > 1000 T> m™ D4, B
ERRETHD (WHO 2006), AR AEL 50 Tm' O
8 T WéAr T, WA NI % 0 2 K7l oo o D7k D
SV TEND T EMEFES NN, Zidsia OsMil
W& DHED MU D> TR I 30T, KB W
XNBZ Lk b (Ueno and Iwasaka 1994), 10 T
TOFIL, Bt ORI B IMU~DJE T DEALT
AT 40mmH,0 KV /hNENHEDOTHY, ZHIFAK
DIMFIZEBEE 52 HIZEFA+nEEZE LT
% (Schenck 2005), L7>L. Ichioka & (2000) 1.
7 v FOEHIZ 8T OFES A EH S5 E
JEMmEOIK T 2L Lz, ZOHE, MAEE L
R AR O, 7 v b OREENZTH > T 200 05
400 T> m" O CTE{L L TV,

BFAEVHEER

b HREONRHBIST T ¥ V%t h 6 pk D RS
ZSREOITHE D 25, @H . IR EFOALE S
Al £ 23 SCOPAT 72 — HIIRIETH 5 (Schulten 19825
McLauchlan and Steiner 1991; Grissom 1995; Nagakura

et al. 1998; Hore 2005; WHO 2006), Z D X H 72 A
RS T & I VRIS PER 2 TERL T D 1o D IC RS &
T 5, BHRERIL, 2 DT V%N ZERERE (A
EUAATIZNY . ZORETIEHIEOHRA TR
72\ BT D L AMEBISICEELY X
Do KT AT DB D ZONFITET 5 ERREY
SELAHRE SN TWD S DD (Eveson et al. 2000; Liu
et al.2005) . € DAEWFHIERITBUED & Z A 5 )
TRV, B, FICEE. BNEVOFES—va v
THHIE & L CTHIBRREAR Z R T 2 A =L L LT,
CTIONNKEA T = AL PRI (Ritz et al.
2000) . Z O FLARIZxET B EBRIZFER N Db D
(Ritz et al. 2004) ,

In Vivo # & U In Vitro #f%2

WHRBEE I VT AT DT AT OO
23t 2 AW RIS Z T 5 7o OIZZE D5t
DRETIHNZAT O T &E T2, 2 B I1E ICNIRP (2003) .
McKinlay © (2004) , Miyakoshi (2005) , Noble © (2005)
B L TYWHO (2006) THFEHIIC L E2—S TV 5,
UTIFFERFEROENTH D,

In Vitro Y R T LZERAW-RERHE

HRE L~V AR O Z EIAFFEIC I, Mifae Lo
FeBR (HBEARLRE, B, A POn) B8 XUk~
TV (P4 R L O 235 5,
ZEOFEAMGTE B ik, MUAREC A, MR R, MR
TEME, MR AR BB TR TH D,

BT RTOFMERICK L, BENB LOEH
mE’J%ﬂﬁﬁéEiéth\é SREE BN RE B

8T & CO A2 PIH DR A FE OMEFER T L
f_éﬂf_o Eﬂi.%%ﬁmﬁ WEINTZLDOLH DN,
Z O IT AR 72 BIE 2 72 W IERIE SO & R ST
Wh, LN LED LD RS2 ST
72\, Bt O HIfE 4y L &~ D 5228 (Valles et al. 2002)
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T REPENINT L &R L= (Chakeres et al.
2003a) . ‘LEMX (ECG) 5 5 D OT A BBLEE STz )3,
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N COFHUEZe Y, F7z, 8T £ CTOFBEICIRETE X
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X, ORI 94 T <, Ak, IUHEHILE C
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RBLOEER (RF) BABGFEELZZ LICEEE
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2005)

7T £ TDOMR VAT LHITALE L7218
T DATEMIFZEIC K AUE, BESN T o BREEE) IR
LT, BEFORGEDCHET = M7 2 MEERN

WPEDIFF L < W B Z 2T 5 ATRENED /RIZ S
#17= (de Vocht et al. 2003, 2006a, 2007a, 2007b), De
Vocht 51X, 0.5 T 75 1.6 T £ TORMDFHEERN T,
03T s (FRESR 1.6 T DFf)E TORLRZEAVIRE % =
T D TR S AV BRI O E B 21T o 7o B
I X 5, HELEBEMEES L OH & FolpicEs) (&
H 5 b ATEBIR S O R SRARE R E) O T
EIRRTWD, EBORKE I, EHEEIC X 0K
MAEBN T DRI T D L DI T,

#)2-3 T OFFEFUCIRTE S 7z N, IRERCHEE &

B LRI BIZ, thE XL @Bk, @%W%kw
o7, FESRN TOB X IRt 5 — PO
HEEBRT 50V MEN S 5 (Schenck et al.
1992; de Vocht et al. 2006a, 2006b; Atkinson et al. 2007) .

L, 2D OFEROF AR S 1T, AR5
B % il 5B OMEZFEDO DL Z LICK VML &
MA[HETH % (Chakeres and de Vocht 2005) ,

BRVNERIE S O NS E 72 13RI THEE T B A DMEER
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Eniz, 7T 2FHABART ~0.1ms" OMEETHEA
ToEEETHL. HOWHREIIRE FiRIZREL
%) OKEEGDLFERIT I o7, HBRE DR TH
9 TR o Tz, WBE OF RO & & AU
Lf}iﬁ o e (FAE. WA NG S SREI

BRRLZ 572 ET), EHER DM E IR »
Tl b, RIEEMRRR ORI ISk 2558 E
WMOREN R ST, Ba OB —/R (4
Fl7p L) WTEEZ@Ed &, RiRE L ThRE:R
WLEHEER AIZICB- B 22T, D55 2 N
FROIEE S PP TRBR L7z, 26 ORRIEIT R K

SyfElFRfe L7z,

EENZ LV & 2 SN DR L ITRHERRYIC  MRT
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SIS L7z, Z o BiE, miESE O (F
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ZD &S eI T DO N ZEN KR E W
ZEEBLNIR o TG, BURA ADRA, ER
Ik VBl&EZ S BIZOBMIT 1 Ts (1 BRILL
b)) RRECHEE S, BBEE O BIEIIRR & Ak
DT I T m” LHEE ST, 2D ORENME S
NDETICRWHEDIRZET 2 Z Lid. RiEMRE
D AR AR BIEE (044 Hz) 275 LT 5,

10T BEL 15T D MRI EEERIEICHEH T HIEE
FH O T, BEEROFAEE (EBRERE TRE
OB IAGEA) . RRAERERES) (EhF5HefIRT & 44 T IE
BITRA) HFHA S 47 (de Vocht et al. 2006b) , & D
R EERH T O BIZ. DNO&BK, EENIK
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TEM B X OMTEN FRUTEZERE ) O — B MR T IS HE(ERY
WZD7RMM D Z EICERE LR TR B0,
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THAA ) THTH A, EELE LT AR EIC
M3 2 ENFAETH DL, LnL, 0
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ByEDaR— T, AERMESLCEDOY 271
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BERLISMIAKERE R D L 5 2R~ b IBE I T
7o BRI DZHEAREMEIZ DWW T b EIZ S e o
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FEIZHVHALD 100 kKA OEBRIZE Y | 558 OfrE
T4 75 29 mT OFLPFHOBEHE FE O FRREF N A LT
WAMEHRT VB Y THOHEHE 2R — M E1T -
7oo 25 FHILL LD EE CHIN ST A DIEL =
WCHITHIE & DR B R ER TR o T,

D ALVINDREFERZEIZIRIFE & A EBELBADILT
Ihhole, ZILDDOMEORNIZIEFITDEDOT
—ZZHASNWTEY |, L OFERIRARH 7=,
LRLPED R E RO —D1L, BEHL I T ETD
BER A~ DR VIRE T & o 72 & MRI B EH 1915
ANZBWTAHB L NEIR~OEEEZHFE L -
(Kanal et al. 1993), MRI Ot EHIR R OFRED U A
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e GEEICAETRY) L, EmTo Y X712k
ML TR E»roTz, £, EmiCkiL T, &
FEB X ORHAEREINIRERDNRLONTZN, £
DL OREZE & O TITERIT 2o Tz, HHricE
UWNTAEIR IR S L 7e v o 72, MRI PEZEF I 7 v
— 7 L0 B AR E 2D . OREMTIRTZE I
XIS T ANEE LT RENRH D,

WEET 2D &, b, R ATRE 22 F RIS IS
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AU AT ORREVEE 213 F DM O EIZE L TEH

13-2-7



DFRSREADRENFE > T\ D, ZIVETOFENS,
10 mT LV OFREFIREEDS . T B AL kR4 72
i E DI IRV E KT Z IR E T
WRWVA TV OBFFE TR/ S 70 880 & R T
DRBETERHTIZEEIATRETHS I, &5
VZHRV VSRR DN TE T D IEE . B 21X MRI #1E%
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HLWRE N REE SN D, FH—IL, BEIh o EE
FHO—ITH X B ARENED B D — BRI 2R ~ D
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O ORBFAERIZ. Y Wl ME R 72 EE AR ZE
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AVE T 20 FEMICHIZ 5 F1D MR 6 X UM O RS
AR TR L #of%gnt%%’mzf YER A
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EWVDH T LEREL TS (Saunders & Jefferys 2007) .,
TODFET N —T 3, BIR & im L CHEE N~
FIIN L7299V, B b OIMOBESHIIEENR L U
BRI MIETHR LM L=, —D D 7 /)L—7 (Kanai 1t
2008) (F. IR B AR T B SRR A 1R T B B oD R
Wk, TROLEESM T 10 Hz (130T, F2 350+
TIX 20 Hz fHETIT 9 Ba . REMNDE (AT ki
MBI FER SN DI E B b D) MRS, Eh
BQUIANYF & i e AV b2 gl N oA
EWE L, b 9 —2D 7 )L—7F (Pogosyan fil 2009)
X, R —EB Y A7 R2BITHRORT VT 4 T ORE
HEIIFZ 20 HZ (B 5 A2FML, % A7 THICFOB)
AL A2 DAL NS VDR BT H B AL,
20 Hz OESIHEB AR L ORMOBMAR L —&+ 5
TEERRH UL, TR D IRVEEE RS IR
R oiniemnotz, BTHE, W7 —71%, MM
B L 0 3RV UL oD 10—20 Hz OFERA, KA
B ORI L O CHEITH o U X AMEOBEXN
EEEHAMFEA LGS Z L. ﬁﬁﬂﬁ&ﬁ@&@%ﬁ
WZHOTINEBT L ENBDEZEERAML, +0
B X 0 10—20 Hz @ EMF |2 3538 S 7= BRI RIER D
FEBRHDINBHNZNE VI REE L7205 Lz,

L)L, ZOMO, EEKREMFIZIZ ESNTRT
/T/f Tz TZDHUOD&E/—E‘,J{E@U\ utu%ﬂ Eﬁﬂ& /—/\
W2 BT D MERATEN PR B O LT E )N T S &2 R

< (Cook i 2002, 2006; Crasson 2003; ICNIRP 2003a;
Barth fth 2010) , —f%IZ, FD X 9 ZeBFEI3AI1 - 2mT
FITENUT OIS E L, Thbb, ko

Byl SR TTOISERITSE LI DRV L
~AOLTIThNTEY, V0L 25, i
RO A R L TV AICEE R, TDOLH 73
Bt %5 & T 72 DT B2 R, BIRER TlE 4>
IR STV,

EMF &%IZ%t LTl (A3 —k o7 4 7) T
DL EERFADADBND, LOL_EHERICKLDH
D DS LR, i Sh-ERIT EMF
ECEEBEBE LAV L 2R LT % (Rubin filt

RESHEE ACHIR (tACS) (i, JRATAY 7R SR RN R & 0 1

WL B,
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2005; WHO 2007a) .

K& O BB L OBRA~OIE S B 5 ek F
FIFEROFRRERD E VWD Z iz Tk, — &
23 S REH)TIZARWFEEHL L 2372y (WHO 2007a)

BWICB T, KEROEBERL L OBR~OIEL #
ISHRATEN 2RO I 2 5 2 B ATREMEIC S\ T
WS OO DT BT < OB HIREN
1Tz, TESESNT R BNITR A E o Te, B
KAROBROGHEZIEE L D Z IO TR
DH LB D, ZiuTBsE b, EmEmfEHO
FER, —RMEOREER £ IR 2 A N L ARIEDAE U
L7 EEZ NS, FIREED & HFDOMOESN I L
OB IFE DO ZELIC O W TEIHBEIC Sh TV
(WHO 2007a) ,

L2 T, REEMOMKE, Mt KOk
BRI, MDY RS OFERIT oI ST
0. FREORILLE LTHATE D, THUTMA T, ﬁ
FALEL L EED & Ol E ORMEEN . FHEE RIS

WIEOFEEZITD 2 ERND D 2 & Ean T
RRPERRHLAH D, L LR s, KEAEOERL
FOWSIIELS BESINTZAR T T 4 T TOEDOMOFH
ATV FHIITE D & OFEIUE, AEDIE L BHIR D72
DORYL L F 51T R AFEET R,

HRRADBR - BT T 1 TR S IR ERE
%;@”@FF@W%HW@#%i 50 — 60 Hz DE
e FE T IR A~DIE L BTN USRI T
%&ié&m:&%m@bfméozﬁz&ﬁ%t
MEED LM END AT b=V B ETREDRILVE
YOMH LR RO & AP OHIEC B 5
L85 < OTFEEBHANLEANZHONWTHTITE S,
50—60 Hz DX BERRMAT h=2 L-ULZE 2D
HEIZET D REDR T T 4 TERIGEL, ATREN:
D> % KR F OFIEN o BB b > T2 hE . W
DR DL R E 7o 7= (WHO 2007a)

50—60 Hz OESI LR T v F OIaRIkE X
VIMIED AT =2 LU B 2 BB AT %
< OEIFZED L, (Z<BER AT b= DR
B ES"DIEERELIZLORH LN, —H,
MDIFIRITZ D K 5 Il & LiginoTe, FEIrEDE
B & b SEMICR T, 50— 60 Hz OESE L O
ROELFBBAT b= LAULB LA T F =12k

155 B MRS 5 2 258 B3 2 A
DRTGERTH S (ICNIRP 2003a; WHO 2007a), E b
PISh o FREIEE - 50— 60 Hz OFES I L ORSR O
BPEIE < BIFTE TR, AT b= LU DR e
BIIR 6N ol
ZHOMFHED FEE—FER A b L ABEERLVE
VL T—E LIZHBITR L TORWA, filsk &
LT, B~V L0 53800 LV OARJE R O E A
X< BEORBERICA LN EHIA U ARH HF
BEMEAS S D (ICNIRP 2003a; WHO 2007a) , £/ 72\ iJF
FLMFERES N TORND, ERVES EHEE)
BN B 54 2 VR L, Al L OWETS I RS
#5?»%/&&®fw%/vAw~@%%%ﬁ%
ORI E BN E I T — B b D TH -T2,
WIETD L, b7 —21%, KEEOBERES X
O ETITWR N, NMEOBFICHFEI/ERTD LD
RN WAR D EEFEZ DN TR L
TR,

FHREEMRR  EEEOERL LOWROIEENR
W DD OIFRRZEPER U BRI~ 5 & O (G2
INTND, /R—=F Y U L O LAE L B

TR D72, 2D OFRE SRR IE &
DOEBEDFHLT 2\, TV A ~—hFE L UL 2k
PERIZREEALAE (ALS) (BRI L Tik & D £ < OFFERL
KINTNWD, W OOIFFEIE, BRBH ORZEIC
PEETHANL ALS OV A7 ERERH B0H M ian
ZEEREL TS (Kheifets f 2009), ZHFETO
LA ZOBEAEFIT AW A T = X L3
SEENTWARWS, ZOY AT ERITERM Y a v
72 EBKEEDTFEI BRI 2 K E 0 RE T 5
MBHEHIR, S HICE XL, LIS IX<#E
T, AR, BE—IICKEY FY 2 ARELEH
Wiz R, VA7 EREBZELTHRN
(Kheifets fh 2009), 7 /LY A ~—RIZBI L CTi,
FERIT BN, BRSA T A DOELER) IREM: DS
R & PR EHBEBE N — R DAFFEIC I T b 3RV BIE D
Ronizn, AOR—2DEIZBNTH, 2TICE
WTTIZZRWA, WL ODRFETY 27 LR
SINTWD, RO Y T 7L —T 55471 i)
T ZIIE BN WD ED%M@?@ LTS
(Kheifets {1 2009), FIHFIREZRfE RN T — L S

P2
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(Garcia fifi 2008) 723, ZAUZIEKMFIEHRE R OFEAY
REMEZRR LT ORERN S o7, MA T, Wil
SA T ADFHLH WL 20 5, MOBENIEL o
IEERIASHE D HIEN T —ARENI AT Tneyy, ZhvE
TO L Z AME—OF A FRERBABREEZ0E, BINE
SBEHRDOTNINA—IFDOIY AV ERAERLTND
M. ZIUIIER DR WEFEIC KRS W b D TH D
(Huss ft 2009),

BRIRIZS T TN A ~—JF & DB# &
WFZe3— B0 2, 5 L.
IINA 7 —REB LD ALS & OBED
TR,

ATz
EERIE< LT
AEHLI IR E R

DEMEREE  HHE L ORMMIE BOER
BIRFZEIC LAUE, BRI 3 v 7 13 AR —
RTH DN, LI OIRSE R O BRI L ORI

BT 2 DIRILAE R~ OFFEREEN, — R E 21X
BT HFERICHEBET 2 1E<BLL T RZ&h

ATREMEIT RV Z E R E LTV S (WHO 2007a)
SCHR T DRI S R I 31T DRk % B b ST
WA, ENLOEEOREITNEREOTHY, —
DORFFENI L OEE ORI BV TRERIC— B
MN7enro 7= (McNamee i 2009), (Ml R ED
TR LU RO O R N T, 1< # & i
ZR LTV (Kheifets it 2007), (X< 8 &0l
B AL OZ AL & O R RBIERAET 2008 5
IEHERIOE E 2, BET D L, ZHIVE TOFHLZ
AR < #8 & Ui SRR & OB Z /e LT
AN

AT K UHE - BRAICH T, EFIEE FO
HAEFEA DA F IR R E TIIRBLORE R L < &
LOBE AR L TR, BEROBFUE TICEEL
T2REED Y A7 EFAZ DWW TIREM ZRFELAN N D>
bDHHLOD, FOHE ST BEEIIM O TITR S
NWIRnoTzZ b, /. £ L5 RBEEIZONT
DOFFLITZ Ly,

WL ONDOIFFLIEDOFEICIB VT, 150 kV m”! £TO
ﬁ%ﬁ@%ﬁ«@i<%@%@ﬂﬁﬁﬁbﬂf%@
Z OHITIER & R EBIEAS A X% W Hdt i

i<%@ﬁn%%éﬂ\ﬁ%i%ém@ﬁ%&%
BIXe Wz L E2—HLTRLTWA (ICNIRP 2003a;

WHO 2007a).,

”ﬁ?L*ﬁ@ﬁﬁ?ﬂZ@@iﬁ/\@ X< L, 20 mT £TH
WIS G, RERIVERIATEC A E 72135 O ap
T % 4 U 727> 5 7= (Juutilainen 2003, 2005; WHO 2007a)
WD & IRER OB SO & FER LU
FEAD R L OBEOFEHLIIEF 1T,

HA 1980 AR5 1990 FEARICFRZAT O T e
0 O OEFHEIL, 1998 FFEOIELBHA KT D
HIFRAE 2 25k TR 5 K & X 0> 50—60 Hz BEA~DEH
FNE < BN A EBIHT B0 b HNRNT & R L
7o WAL, BER E/NERA L ORIEIZEE L
TWER, ZOROMTRITRAOBRABHRE LT, £
R LT, YUNTEE I N, 50—60 Hz RSt L fiix
DR E ORI, FOBBMEEFE) D D IoDIT
AV SNTFRICBN TR SN0 o7z, LL7R
N6, ANREMFCE U CRRA R S, By O

FEITHENN T TOIVIZARTEIE, 50—60 Hz OJE{EBRERE
ROBENFOIXL BEX S y E/NE AT Y 2 712950 B
HRH DB HARNT EERB LI, ZHKE
BB E NI R TH D | Z OFRERITEIRAAL T 2|
B DRRE DGR L OMBROMAG Y THH S D
ATREMEN B D (WHO 2007a), 2 DD 7 — Vo34t
(Ahlbom ftfi 2000; Greenland ftti 2000) i, 0.3—0.4 [T
B2 DI BIZOWTEEIY 27235505
NN L BRB LTS — 5 E O DOFEE I
ﬁ%@%%ﬁ@ﬁ&mhamﬁ&wﬁﬁﬁ%%mﬁ&
IR CE oW LR ERE LT,

FIFFIC S 25 Z &1, EWEER A J1 = X 53
LREINTELT, £, ik L Ozt %
BriERIT. 50—60 Hz BT < @23/ R A MR o R A
ThdEDEZHEIFRFL TR,

ERT XL, &b BREEO/NE AN TH
%, k) oo SIEERME AR O Y BT T LN EL
FEFRNZ ETHhD, 1TE A EOMFEITERETT L
T 50—60 Hz BES 0 Al £ 7213 Y v/ A~
RNZ EEHAE LTS (ICNIRP 2003a; WHO 2007a)
B CORBMR IR S LD 523, RO
e A3, ISR LORERAZELH DD LFE
OB MMIBNT—H LI Z R L TW2Ru,

T v N OALEEFFE D A~D 50— 60 Hz R DF
X, FHRBOMETHAE TS (ICNIRP
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2003a; WHO 2007a), —EPEDRUWFERDE T3,
T, FEDOHRFEEY O M LERT 0 Fan
DEWBEERR B D WITE S HIRE D S 2, 1k
WV E TR TR S e AR E Y o)
JEDET L ~D 50— 60 Hz B IE < BEOFEIZEET 5
REEDHFIIIEEN TH 072, FFRIBAIHRE, (LFH
B CHEE SE T EN AR L OIS D\ T OHFZE
I, 2 A EDREENER S L,

2RE LT, KEEOBTII BOMn~DREIC
BE20F%81%. 50 mT L FIZB W TERIBFEEOFHE K &
AL TV (Crumpton & Collins 2004; WHO 2007a) ,
BFET 2 & ANRA MR & R R OBR~0 RN
X< 8 & ORSEOEZMFHL & 1T, A OE)
WERT — % | BB, DA O T —
2%, IEEREMICEENTH S, Mo T —#
I, SLIZHRTIEARVWE OO, & E LTEmE
EXFEL T D,

SEHEZESNLERRAA FS 4 o DiHHL

ICNIRP (%, Z DiEEHIBWT, Alkrs Lot
BRI L, R A Y O OHERE &
BIZAND,

SMEE KA EMF ~03< BNMRRICE X
DM B DML SN b DR S D D, T,
PR F K OHAHRR D ELEERIN, 72 & ONTHEIEPI L BLS:
DFRTHD, £, BHERBIAREELRH 5 b D
&, BURALER L EE) & DO & 5 2R E S E
FUIC X0 —@EOREEZ T D AREETH D, D
ETORBIREIFEL, BEM ik
o, RNEHEE SR 2w 2p BRI R 4
-T2 LI K- CTREILEBTRETH D,

R O BHIRIZEAT 544 FZ A > (ICNIRP
2009) (ZRSE L CTH S HEERIC L72As - T, TkEM)
REECIX, WUBE LIBITONGE, (EEH
DHEIEPIEER G 3 & O b 2 FROtRRI i & 2 Thetk
D& DWDTRIAD K S le—iRME D EE | KMo
ThEBEANCRBRT D Z LIZBUC ) o2 L ThHDH &
ICNIRPIZE 2. 5, 72876, 20D X 5 7esd BRI
FITIRERA R AR B A FERICAE U S L id b
RONDTHD, TDED RIENRE TOHIEDH
5 L ~DIEXL FEIE, RIS L OHHRHRER DA

BERRPR AN 2 [ 5 7= DICHIR S U5, ICNIRPIZ,
KA O Jn 5 B & iR 7 BRE D 72 (T HE i/ h S v 2
CLICHBELTND (RSB ) o mishiRsR O s
&b, M1—3kHZLL ETiE, i E AT oRRE LT
MR ESSFER L 725 T E RN T, £724910 Hz
BT TiEp-< Y & LIz Batmsili~ DGR RE T,
ETNENEMES LRSS,

HAMIPO e BLG: 2 [BhgE- AU, dtsaEIC i & % ATRErE
DHHETOEEN#EIND Z L2 D, MDY
BAEI320 HzfFIT 23T/ T, ZaL & 0 @ Ja R
BIOEWERE TIIAMIC LG5, Zhaskiss
ORI R B & 23757 2 mic BV TiE, KAl
TR 6t~ 2 I BRAEASTE ) S 5. FIfdiA 321 ¢
BHT, OO BRI ST, IE< @R E
HlE4 5 FRA T2 RV FTREMED b D IEEE A EIE L
T, —RMETIED D PMEEE PET HEER ATREMED
& D WEE BT D201, FAHIFR IR R fE I
BEESND, ARICOWTIE, MDD KRR
s NEHIND,

KB DOBRA~OIZL Tlx, REBEMEMAIZL D,
T BN STV DA FRIR)ISE 5 & 27,
ZD XD IRIEL BT L > CTHEREICHE SN DK
BN L DIWAEAOIEIE, BF L& vt
g5,

1SS KR BRGSO I SR B3 5 ST
i % ORI LOFMEZEB R K > TR FHE
INTETz, WHO OB AFEHEBI T 5 TARC ([FEEE
DAAFSERRRE) 1, 2002 FETAKE I ORI ORI & 1T
W, 7Y 2B (e MCHTHENAENRD D
Db LW EFHSNA T TY =) ITHE LT,
Z DSPEOIRI TN B fIF I B9 2 FE e O R
Th s,

ICNIRP O RLARIE, ARJE I DR ~DOEHIE < FBD3/
RAMmpEOY 27 L5 & RIS S 2 &12o0n
TOBEAAOBZIREHE, X BHTA KT A v ORI
ETBITIRIEFITIHD, LN D 2 ETH D, &b,
Z OBEAKER TP T2 GE, IEBEEER LT
HIERE~OFRITM S AEE R0,

ROARY  BEMICERAET VTR, RIS —
TEFEOEBEREFFOLIUE L, KX IRiv B0
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2B DL EROHEE IS M PSR — T T
NERRALTCE R, BT 28RBS L ORI X
DFEERE, BALRE—FEI AT T L& VTR
ENte, UTHE, B L OER PO B LAY
—E7 /L (Xi & Stuchly 1994; Dimbylow 2005, 2006;
Bahr ftil 2007) 123 < | £ 0 EBITE WV E R OB,
BREB L OMA~DIE BT L > THERNICAE L HE
FACTONT, D MDICE LWERRABZE SN D & )i
otz

4 mmPl FORZ BAA A X AT S E Db
BEREND, KT RTAORMICE > TRD
AR R A ) ORERSELRE (Dimbylow 2005;
Bahr ftfi 2007; Hirata ftf. 2009; Nagaoka fth 2004) ., 4}
BRI — T, MEBEEICTET (BROBHA)
FFERE MAOEHE) O, FERNICHEEIND
ERITERIT /AR B, FHEICLIUT, 50 HARERUT & 0 A
FARICFE S LD BR ORI E— 7 O FKAEIE.
ARG mTY 720 B L Z223—33 mV m™ T BR DA
& L HRET MTIKAFT D, BURER TR AT 72 KRR
FRRGRHLAR I 9~ 2 B HR BT A, LTadd o T RAY
PRI 2 G, T — A b A — A DRI &
L C& N7, 50 HARE RS L 0 R FIcFE S b B
I, AN mT4 -0 B EZ20—60mV m!' TH 5,
50 HzfE AT & 0 AR I8 S 5 B R o JR ATy
E— 7 DR KEE, STER KV ' S20BE %
1.7-26mVm' THY | FGIZIOTIE IMNBER kV
m' VB L2383 mVm!' TH 5,

BB LAV OEHITET D H R RT A —2 DRSS
BIERIAFREZ: R A M VISR D RN 2B L
T, ICNIRPIZ, HEAHIR HEE L~V & H B
W2, ZEANZ RS 2 HEEZ VTS,

EMF (X< BHRIRICET 5274 F51 >

W) < 88 & AT TSR LTl 2 DFEEHR G-
ZBND, RIA RTA BT DIEANE < BT,
MO, FITEND BT HNTEBIRENETOR R &
LT, —RANCIIBEE DS T T, B3AcisW T 1 He
725 10 MHz ORFIZ LT 28R L ORR A~ %
SNDHRNCHHA SN D, [T, AR EWVD HEE
I, BTOEMD, Fx 2R REERRIEO K8 AIZHEH &
o, ZDE D RMEANDER TIIE A~ DRSO LR

PEIRELS 2D B2 OND, £ OEE AROAN
7-HBiE, HSD EMF ~DiEL BTSN TN,
TEMICIZ BINDIEEZITHT 20D LV LW
W< BHIRASARICKT L CRASNZ DI, 20k )
IRBREHPBILEL 72> TN D,

MEEIZHB 1T DTN S~ DAL

ETORHEAT — 4 L 2 OfERITH D FLE OARHED
EMHRNER, FHENS OB, BT EOE
W E AL BYRER], SRR O RN D D, HERIC
B BED XD e il SIHRBREE AN B Z LIz
XoTHIEEN D,

LD LR D, RS ZELFKOETIZET S
THERNA+r7072, & TORMEHFE & 2 TOLEH
RE — N T o TRBHR A 3T T % 7 @ DR 72
DARMUT G- Z SR\, L2 - T, BfgET — 4 ~—
A DIFEFRARARIL DOWREIZIBN T, EOREETO
FHOR S A% &5 N3 CEMRPEIRT o fE T
b5,

AEAXFIRESE LA

ST S AT MR b BRI BT T D 2 s
i (1 DFIFEE) 12HES IE L BEOHIRME A FAR
HIPR & MRS, ARH A KT A BV TEMFIZ L B4
AHIBROHE WD B RITH RNERME E T
BDe THLTZDHRRAIIERCZE O fth D B ESE PEAT
JUZAEH T 2B R THLNHTH D,

HIRNERRE IR R CH 5, 22T EH
721X BEHM D7D, IZ<BEDBELNLRE 25
N, REDBELUVIMEL IO/ F2i3E3 R %
TR 2 FARHIREA HEE H I D23, VWD
MNDOBE L ~JVIFEMFIE #OME (BR) B L UM
BN THE RPN T 250 TH D, B
ToEREE, EBRE (B) | BRSRE (H) | RO
& (B) . BIXOWEER () Thod, HENEE
OYEREITHALER (o) Thd, 0L RIT<E
RBUZBNTEH, WIT N OWBEEEORIEM E 72135
BEZEYRBE L~V L T 5 Z LN AfETH D,
ZE L)V, BT 5 AR AW 3 2
LIFRRES D, b LHDEM F 7233 RN 55 L
NEBIETHELTH, TOZ ENLT L HEARHR
EHRTDZ LT R bR, LhLAERL, 5L
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AUV AT D RS T T, BEEd D AR 2 i 72
FIE N ERGEE L, SEINBRER S NS a RE
THILEBBETHD,

E AR

ARICEFUTOTERBINE, ERE~OFFREEL

&I DO DEMFIE BHIRDTODTA RTA
EHIETHZETHD, BB X HIT, VA7 TR
ROBEDIGN AT D, 2 TR HER
(PNS) 5 K OHHEARESR (CNS) DflE, HEEPI
BB OFHR, BHEED H BRI~ BOFRENE L &
Eb,

ERDEBLZNS, MEEPDEERSOFHI Z BT 5 72
DIT, 10 Hz—25HzD AR B T BkERIT
< EEVLL BEEOCNSHEAE (T 7205 iK & HE1E) 1250 mV
m' DL N OBRIRE 2 FHES D K O 2B L UORER

HIRS D, ZHORIRMIC I D fdEEIxT L
T E D AREMEDO & 5 — itk D R EITETH#ES 513

FTTHDH, TNLOEBIME~OFELFELIIR
RENTWAR, Ll b, —EOMENRREEIC
BWEEZ D ET 5000 AR O TEBEES D D3
F U L ICNIRPIEFEF T 2 28, I8N 7 AR AR 25 e
SRV, T KD @A RS L OMEV R T
MNP R BT A LH L. KRB KOO
PRSI OB & 400 Hz TR 7T 5, 400 HzL Y &
AR TIE, AR O BRI AS AR D 4T DE
PCEM S b,

FEHINTRETOXEIL, FEEEIXE0 LS 7
X< BIZ LV EE DATREMEO & 5 — il DB DU
THHA G2 HNTNDOT, KB LOHROFHE
FRRHIN 2 [B10E 55 72 8012, BEES &L UM 2800 mV
m' DUFOBEFIRE A FHET D L 5 BRI LOBER
WCHIRREN D, Ziud, ERORENSEZEET ST

(. FRKERMEA V m Tk U CIERERER 5 A L
LD THD, 3kHzU ETiEZ OFIREIE LF$ 5,

NI OWTE ARBERER 5 2 L. BHBOCNS
FAREZSE Ly 10 Hz—25Hzo J& 3t <10 mv m™! @
FARHIRN G- 2 biLd, ZHL D EWER s LMK
UWEEHCCEEARBIIRIE EA-T 5, 1000 Hzic W\ T, K
36 Z O DA BRI 2 556 3 2 BARHRI PR &
KT D, T2 CIREERE 10 Z@M L, 400 mV m’!

DIEARFIMESEHD, ZORIBREIIAEDOETO
HALOMBICE N S D,
AR AR 2 B LUK 11ITRT,

el 15

ICNIRPIE, @Ry, EI3IERICERMOY—7
EROLOEED, ERELEBRICLVFEEIND
HIRNETIRTT D HIBRME L, RERWEE) S g ke
& B 2 & AR 2 GRIESRIEAIE < BRI
LELBROZE)

BERDZER T

HEBROFE %%W&ﬂ@k&o@%x/%
WZBRE L CTHE R D%, R ehiaEn 4 7
@#N%E%@W@%%%Z#é_kﬂﬁgfb&
B 72 AW P R & SR RS EofiIRICBE 3 2 2k
i T D T2 D DEBER R PTREE & U CICNIRP 13,
YA 72 < KT D/ S 72 2X2 X2 mm® OARFEHR

F 2. FET 2ER B L OBRA~DONEROIE < BT
2 AR

SN
< m TR %@iﬁ
AT B’
BHER D CNSHA 1 Hz- 10 Hz 05/f
10 Hz—25 Hz 0.05
25 Hz— 400 Hz 2X10°f
400 Hz -3 kHz 0.8
3 kHz- 10 MHz 2.7X10*f
S & AR DA 1 Hz-3 kHz 0.8
3 kHz - 10 MHz 27X10° f
DRI B
BHER D CNSHA R 1 Hz- 10 Hz 0.1/f
10 Hz— 25 Hz 0.01
25Hz—1000Hz  4X10*f
1000 Hz -3 kHz 0.4
3 kHz — 10 MHz 1.35X10*f
S & AR DA 1 Hz-3 kHz 0.4
3 kHz - 10 MHz 1.35X10* f
TE:
fIFEBH (H2) .
- T OMITIZNIL,
- 100 kHz X ¥ @\ ARSI Cld, RFICEER 255 L1

BB ET A MNERH D,
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100 -

10 4

AREHRBE [V /m]

0.1 4

0.01 T T

100

1000 10000 100000

RiK% [Hz]

- e HEEILCEE  BEEBOCNSHE

BROIELCE ; BEEOCNSHE

BRAR &R D AR
BRAR & RER D AR

e 5 SR 1S < FE

- e NROIELE ;

1.

CNSH L UPNS~DFBULR D D RN E SR S < ARIT < 87 L ISERNE < BRITH3 2 FEAHIIR

(FRED SO FLBITIE, HLUZCONS, PNSERLSINLTW DO EHZ, £2ITHIGSET, £hEh,

SRESOCNSHIRE, SHES & (AEO Sfik LFR LTz, )

BT BERORY MY E L CHEER 2 E
THZEEWHET D, HOREOHEMETOE
D 99 = 2 H A NABITEAHIRR & O I )
RETH B,
HEARMIZIE, =a—u B LU oMoEREENE
A~ BB RN R TH 503, T OFHEL
PR B/ MBI R AR K I L OSERP) R v
A MY OBEROFNZE>TRES, =a—mBL
OMHER » T — 7 OMSRE R 1E 2 /e PR 52
KT 35 S 7o BRI T B AT H
%o HLRE L 7o iR & BB R T IR o TEW 2GS
RKROFEE) |« T OB ZEIROFHEER % B
EOWHBECHEY LEbOTHD, WHFHESIYTIL, =
OEHET 2 225 7 mmOFFAIZIE S D < (Reilly 1998;
Reilly & Diamant 2003) . A BT, 70U«
T ORI O KB TH 55 2 mmE Z ORI R
B L RECTE D, 2D ORREHTHEE U 7o b o
FMBRE 2B 2 5 L IO D, MEPIDED X 5
R & 0 RWER TORBEOEAICIT, 250
FIEARR LA D Milait 0L G TRy hU—7
10

PR EBBIZANZIT UL D22, T OREOBIE
I 7 ACHE S TN S R BN ED IR SR Y

WD bDTH D70, HHEL 7R oo R A
0 b7 IRV, FEEROEILERIL. &/ T
% 1000 EOFHEIEM LE 5 M Iartc o< &

IRBENTEY , ZOERBITITE A L OMEERLT
¥ 1mm® THB (Jefferys 1994) , L= ->T, AW
FHNC B HA 2 LIRS, 1 225 Tmm £ TO
HPH & R DR B D, FEHPRMMN S, IV

A= RV LV DG EE T ORFEER OFHHEIZB

TR TEDRELEL Z LIIREETHY, T LD
RIE TR BHREECH D, HDHHEMED 1 >DORY
BANORKAEE, SLHRR 7 2O OREEGT
PEAEZ KELZFR0TV, LVRE LIz — 7Tkl
&G 5 =D ORI B, 5D H I TOBES
KD 99 "=t A NVEEE— 7 EE UTERIRY

HZETHD, L, BE— T lNEEIEITFET 5
D, ZAUTEWFIIBLE D HITRPRRER 78
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#3252 THD (Reilly & Diamant 2003)
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INT, FEEMESL TR TRIRZE O [T 55D
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FARICIIE L Ch LW, MEDGE . FEMBIREIX
@ﬁ@ﬁ%@ﬁ%ﬂ%%bf%i%o

SEZLAN)L
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LBILDZ &%, BRI L R A b U O
NEINBEICAN OGN, ZZITRREINZSE LN
ME, ZOORHRDKE, bbb, MNFEEER
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ARl BRI % SR U E < BRI MR 3 D AREIIAN
e TY472033 V' THY | PNS~DFEIZ OV T
ISR TS 72060 V' TH D, R A MU OR
D& % FAAA T, 26 OFFRMEICK L BRI 722
KfREL 3 @A SN, ) .

S HIT, 25 Hz £ TOREMIT BITxT 2ERD
BHE LU, 1EE A EDOEBRZRSEMET TORRE
I K DHE BT B0+ h~—T 0 %28
ATTND, 25 Hz— 10 MHZHIZ DWW TIE, 25 L~L

TFEERO B OIAHIRIZEESNTEY | Lizhi>
TZOBEBEHICB N TEZVEL2E2TOSRLETT
DOHERNETRIC X DHREZ B LT 2 DIty 7~ —
NIHZ BTV RN E Fi 2w,

10MHz £ TOARIEL BIIXITHEROSE L
AUVEIEL B ENTZADI0 %L EiTx U CHERM
PR (B L BME) 2Bk 5, 51T, 50Hz F

TORRIT BT T 2B ROBE L-UT REO
NZBWTEITE e LoREEMEMLPIET 5720
DFoyle~—Vr BELTND,

KIPBLO4IZ, WEMI BB LOARIZE
ﬁ#é%%vxw%%ﬂ%hgﬂﬁéox2%;03
2, BELUWERRT S, B LT, AMED L

2 ZE MO T—HR (B—) 2B ORI

DIFEL L DIEZEN TV D,

SERER & & UHMBHEFR D ZE R T 15

BEL~YUE, RN 5D DZERICBIT 2 ERE
i@ﬁ®wﬁﬁ%$%méwk¢6£<%%#@%
WCIRESNTWD, LOLERS, £ OBA.

. RERIZ b A B L OMWR~OENIE < BTk
68%VAw(ﬁﬁﬂ\£%ﬁ)
= i i ie o TR
FEKER e i amh B D
1Hz-8Hz 20 1.63X10°/ f? 0.2/f?
8 Hz—25 Hz 20 2X10*°f  25%X10%/f
25Hz-300Hz  5X10°/f 8x10° 1x10°
300Hz-3kHz  5X10°/f 24X10°/f 03/f
3kHz—10MHz 1.7X10" 80 1x10*
T
- fIEEES (Ho) .
- HFEELE DI #B KOO EEE O BT 5

B E 3%k ORI 2 B W,

- FRCHREB R P OB OB ILIC DN TR
DEEBH,

- 100 kHz £ V) & W ER AP ClE, RFICEA 255 L~L
LB EBET 2 0ERH D,

# 4. FEEZELTERB LOER~OARIEL BITHT S
BB LV (BB, EhE)
JEI I Bt TR WRERE H WO
E (kVvm?') (Am™h) B (T)
1 Hz—8 Hz 5 32X10%/f2 4X107%/f?
8 Hz—25 Hz 5 4X10%/f 5X107%/f
25 Hz- 50 Hz 5 1.6X10? 2x10%*
50Hz—400Hz 25X10°/f 1.6X10° 2x10*
400 Hz-3kHz  2.5X10°/f  6.4X10*/f 8X107%/f
3kHz—10MHz 8.3X%107? 21 2.7%10°
T

- I3RS Ho) .

- FEEREOIFE BB L OO KoL B
B S i3tkik o Bl & 2 W,

- 100 kHz L Y @\ ARSI CIE, RFICFFA 7255 L~L
LB EBET 2 0ERH D,
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PEIZBZ L~ L% LRSIV K D 1ICT D, /T
< BEIFBB LV E BRI TH LWV, ZEATHIR
Z LRl TER b0 O\ELRBENMNT SR 5,
2227558 A TRe 7ol < BRI BT DR LU iR
$H2 5.2 2 DITEEVEBEOBBE Ch D, Z0tEs
W, PRSI S KU A R VIS TiThbh
RITNIRB R, Flo, FEDFZ A TDI—HRIT

12

13-3-12



TR LT, AR LS E L~ v g
HAHLTH LU,

BREHMA~NDIECEDOMES

SMRER B L OSMBREAR N TN ENICHE L8
R R Ty MUICE S b, SMIRER
& AN A BT LTI < BEOMRATIZ IV T 24l

IZRAED 2051E0F, BRI HEE Ry & BRI 72
BB, RN T, FACE CRRMEICRD &
RETHZETHAH, 2D &IE, INBER &HMH
BERA~OIEL BIIINANTHDH Z L 2ERTHTH
A9 (Cech fth 2008), L2>L., BRI LHEEM L
BRI BEBRONAIREL B D L E25 %
L&, FOXORRRITFERIIHBTH D LEb D,

EMERODSELAL

BRIz L CXERBS L OBMEDO Y — %
BT 5 720 DIER Z bR TR R 5720, T X
5 MBI 555 L~ULIZI0 MHz £ TH
2D, REMOBEL~VERSITRT, EWF
HIROS % 5| & #2 2 T4 O CORIMEIL. A
BHEOBEO/2TH B0, ARIEL BITHTT S
PERLEITR DS E L-OVid, RIRER 2 2 VT, K
EME BT HMEVRLSBESIND, HEETA
TE, BELULE, RO TR, HAEROH
LBEBOEMEAZ R L TNDZ & TH D, BlERO
AT, ARERNIIE BT, KR@kLT%
BIN5D, BRREMMERO IEIX, HifFENC
DABETH D,

®5. HED O ORRIZE D EMBTROZE L~

13 < BRI JE e Hii e RORPRTE
(mA)
EEMIEL< % 25kHzE T 1.0
25kHz-100kHz  04f
100 kHz-10 MHz 40
ANRIZL 2.5kHzE T 0.5
25kHz-100kHz  02f
100 kHz-10 MHz 20

E: £, kHz TR D E K,

13

BEHORBBDERE L UVHR~D
Gl G

F72 5 B O ESR B L OAR DRI g0

RIUZEBNT, FIELS BIXEEBIZOWTINENTH
BNE D IOHWITEETH D, EERIE B

WFT, TReorE=as B3 2 5o B B 2w A
S5, 10 MHz ETOJEBEDMRODELAIFFIC
DONTIE, ERNETRIC LN > TInE SN,

10MH: F.

Mo<
Jj=1Hz E

' 3)

Z T, E I RS COFE S RNE A
B, B jiE. K2 THZOND, JHEE ) TOFHE
LR EE 0D FE AR PR,

FEARHIBR O BRI D 7- 012, BHRB L OBER
HEDOBE L ~YVIBETHRO 7 747V 7 28
b,

10MHz Ej

Jj=1Hz ER,j

= 4)
BLO
oMz [

L<1
Jj=1Hz HR,J'

)

ZIT,

E ;= AW j OB,

Epj= %3, 4THE2HND,
SRIEDSHE L,

H;= FA¥E j TORSIRE,

=3&K3, 4THE2BbND,
WEDSE L,

JERREER j TS

JEBE j TOBER

VU BBt dS L OV B it
ORI 5,

WL TiE, thth,

oMtz |

—< (©)

J=r2/%

N GNY £7 W, B j COBEME TR Y ILJ
K5 THALND, JHEHE j COHEMEBRDSE L

~Jb

o

FEIEZE~ADIELE
100 kHz LLFOMEE B Tk, ERB L, Kok

13-3-13



FE, B EAEDRHE . R EEERICSNT %
BT Lo TEHO BN TN D, ZOFEE, &
R LOBROBIGITEHEZ (LIXLIZ L 2Rk D)
RE—=VRFT, ZOXHIRERLLIOWRE, H
ZAX7— VU = EHE (FT) #HWT, BERCA~S7 b
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TEINEIT A BN T A NEZ Y T EHNDDN,
SBIERITH D, 74 NVZ ORI (ANIMEFITx
THHAEEOM) X, 1E < BHIRMELE 5 E
WO G = EL(fief) / EL() \ZLT7=08>TET &
%, I T, ELW AW E £ ToiX < SR,
fief 131 Hz 25 100 kHz. % TOEZE DS EH K
Thbd, 74NV INZHEROE— 7 HIX, B3EF
BEIZB T2 (RIFD) B— 7 EicE i snizix<
TR CGEARHIREIZBE LUL) &l Lk
WETThD, £61%, BEishizv—7 EDH
%ﬁio%ﬁ%@74»&i Rz <, ER
BLOBROMABIZ L EIZHBE 52, 7404 S
NEERBLOWARAOY— 72 2BLEE 5, K1,
2, 3R ENI L DT, HIBRMEIE, 17 UL 0 (F
B) FlxflzEhEnpl LT T 5 X oA
WHHFIC T HND, U UL fOBIOS Ik
B3 B KHPET, 7 o ZOMAA 0 (R 7 SH)
ITENZEIL, 180 L, 90 B, 0L, 90 EETH D, H
BT 7 4 VB, S 7 R I R BUS A D B
WEN 3 dB Lh 3 KOS 90 FELL Fidafefi L 72
WE D RETRIE T A VA ETAXT OZ VT 4V
TEBPT2Z ENARETH D, —HlE LT, K Al
2, BEEROELT T 4 MF O, AR
L Cofi L iz =7, lihfid, RC (L
Xy H) BT g Z B T B P I
SNWTW5, BT E—7EOT 7 —Fif, =
E—L v MBI Eae—Lr bOEFOERB X
QWSS Z &N TE D, BB DOEA, WIERHH
%+%KE<&U\%%@§%@%%OTU%X%
r—ADE—7ERmE IS K S L
%ﬁw09ﬁ®ﬁﬁﬁﬁ%té Jar—1r NER
BLOWSOYE, BHMSTE—7HT v —F 1%
2&7%»%%%&@*?%&

18 (BE)

# 6. HFELHROBERE LOBIRO & — 7 EIS69 5 HI R,
SEE WL S0HZzTH D,

FHEBER (mVm?) SHESAES fog

fixd ENHICER (Vvm?) (uT)
TZE _ _ _ _
igcg 2100 @2x800  @2x10000 @2 1000
NS _ _ _ _
Foge 02x20  @2x400 @2 5000 @2 x 200
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Al FHEEROELAFIG T D IRIEISE & AARSE

FREEREER

Adverse effect : A E 7
BRAFEZIIR, FITEMERA~DIT< T LD,
TN DREFEC & > THEREE,

Averaging distance : 2R
HEABIROBEFERET D & &I, KNEROFLY
% L Db & 72 D IR,

Basic restrictions : ZEAHI R
EE~OHEREECEDLAREEDOH D, 2TD,
BEA D, KK & DI FHIF A A 1 =X
CEMTOMEEICEAT S, TFH I EREEOTH
AT A,

Cancer : N A/

HlfE & S T BE R B D R, B L O IEN
DIRIRDIALA~DIHEDIRR Y (FEH) 12X - TR
ST b HHEE,

Central nervous system (CNS) : HHX#E R
& FRED D72 5 . FHEBIWI O R D, RIH
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E = S WA

kit
B E T IIRER O BRI R, fl 2. K&
S, JHBEEART b T L R Bl L,

Characteristics :

Conductivity : E#3E

BREEME NIMEHCA U 2 BRBEEDORE S
BRET DEOMBIOME, BALEY — AR/ A—
FL(Sm) TR IND, KPR,

BEfE R
A & OBl E 721X th D E
B Z PN T D i,

Contact current :

RIS AR & S L TR

Current density : BT &

& DRI DT D RGBS Z ORI A BIE T D
BIRNZE LT b, #RROERIZIS T 2 &
BT, B A BIROWTHA TRl o T EIZE LV, B
WAL T T /S5 A— MWAM)TEDLENRD,

DC : Eifi
LrL., RoEiEttz g

THH7ZR S 2,

direct current DOREFE,

R Y IAYCY (e

(MR D) i s ik
P2 A RRFENL DT

Depolarization (cellular) :

F R

Direct effect : B2

EMF & AW otkiE & o BB AR O R4
U % EMF R,
Direct electro stimulation : [H#£5E ZUHIIK

SN FE I 1T Lo TREE S o S (R IE
OB aIr LTI, oSk & OEEEME 1T
KT EIE DR,

DNA (deoxyribonucleic acid) : 7 4% 2 U REEfE

2T, 2HDOBIEBELZIEY LI T\ a7 4%
PRI VAF ROES ST A E AL EDEMDOEISE
HOMETH D,
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Dosimetry : R A U

BRESUIE < B ST NMEE T2 13EM O ERE S
TR I IR, e R — IR E(SA),
e L F—RIRSAR)DHIE, EFFHRICES
RIE,

Electric field : TR
AV A=V THIESND XY MAVRE

Electric field strength (E) : Bt 5REE(E)

BB AEBRIIIET 1% E OB THI - T-{E, &
RBEI=a— b/ 7 —a o EERL R A—
ML/ T & B N/C=V/m),

Electromagnetic energy : FEfé—T R /L% —
RN OZRNLF—, Va— /L TRDLIND(),

B CHER L WA OMABDE ST b D, ZOH

FEIL, LiIX Ui, TEBRE ST (electromagnetic radiation) |
LIRFEISND T2, BT & A E R ARRE 72 AR E
WZOWTHWS & B 5252 Ehd 5,

Electromagnetic fields :

Electro stimulation : &5
FIAN U 72 55 & 0 BB PERARR ISl 5
BN AFFET L L. bbb, %7 A fla
@%@@Tm%%<i9&/f7Xm BRI EIT D
SIS RRODFEJE,

EMF : &5 B LOWAR
Electric and magnetic fields®D I GE:

Established mechanism : f37 S4172 A =X A

WD LD 7258 % b OERBERNA =X L, (a)
b N OEMFHIEEO TN D Z LS RETH
% 5 () F A EHE ORBR A W - IR 7 LR
%%ﬂ%ﬁ%é;@tbt%mfﬁﬁéhfwé\i
T IXEM T — & DS 2 Ffo Tk b ~SMERRET

25 (ARSI 725U L o> THFF STV D (e)%ﬁ@
BHFIELS ZITFANLATND

a2

X< 8

Exposure :
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B8N DMESE B D ER B KOS F 7= 138l
HETIIHD X, F<BERELDEVD,

CERIM)

Exposure, long-term : EHIAIEL< #&

ZOREEE B 5 AR O APED KER S O W
W72 IE<EEET, Lo T, H#HEO LI
HBORM D DB E THRA T2 5,

A
BIE. TF UL, BAEFICET A 1EH. Zothol
TEIZ L > TUTOIL D IO B DFFifh,

Exposure assessment : 13 <

ERE

BRELO/ ETADITL B ibdE+ 25—
D, REZ, 85, B K 2ESLE L ERD
T B OMAEDEIZ LV RESND,

Exposure metric : {X

Frequency : JHi% 4%
EBIEIIC L 0 MRS N TERGk a0 1 BRIk
B EE, GEE, LY TR EN D Hz),

/\}2'?{
COMFEIABEARKREET, RTOEBD A,
SERIREFCRIEDO N2 G T, ZAUTIE, HIRD R
A\ mliE . IR OVEREE . FRL N7 LRI
WL ZITRT NI L—TRMANEEND,

General public :

General public exposure : AT < #&
’Aﬁ%@ﬁi?ﬁ?ﬁ%ﬁééf@ﬁﬁ?&@?&ﬁ%J:U“Eﬁ
FUEL<H, TNOERITITIBENIT < BB L OERIT

<EBITEERRY,

Harmonic (frequency) : maa#e (&%)
P BB 7213 DD B3 8 S 0TS 5
JEREEL

Heart rate : 003
1 773472 Ol EE O E M,

Hertz (Hz) : ~/v>/
AR () b3 B
S BHThD,

1~V E 1A 7
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1 kHz = 1000 Hz, 1 MHz = 1000 kHz, 1 GHz = 1000
MHz.

Induction : FHiE
S (BREETT) ORI LT 2 ER E IR O
JHIE & o CHEMEBET AL U D BR E I ITRER,

BRSO

T EORERIPN (BBIIZIX 100~ 1 27 nfbE -
IZENLLT) CHIEE I S 2T i b e n
FEE DL % Tk T 2 7= DIV B D TERF,

Instantaneous :

iR
AR OF I & T, 8o @B rh oEkE
FDHET Z LT E 2L A DN LV ORI,

Let-go current :

Magnetic field : &5

A7 R H, ZHIUFZERTOH 52 KI8T
DR ERET Do 7o XT /A= L TEDEND
(Am™),  TREHEEE B,

Magnetic field strength () : &5 58 (H)
RN T PVDORES, To_XT /A= MV TERD
S5 (A/m),

Magnetic flux density (B) : BEHI E(B)

EE P ORI 3EROEN (B ICRIETH
PRET DL MLVE, TAT(T)TEDLEIND, 14
T A GEHELEDHAL) 1310 T AZITH LY,

Magnetophosphenes : 5K
BRI EZ RS 5 Z it ko THlER D
ENDHOBEE DR,

Mean : FEHE
—EOJEM E 72137 — & ORI,

Median threshold : B D - JLfE

B OFREEHEEI AT, BRE D50%13 2 0
ALY RERBEEZED, tho50%ITZDE L /s
7RBME 2RO X9 7o BIE,
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Medical exposure : [E# < #&

[EFRIRBIT £ 7o I3RS NTIBR 2 % TV D
HELT, FREEFENROR T T 4T LT, M
AT DRI D BRI L ORESR 0I1T < #,

Mutagen : 255875 B
FRERERE T LN TELMWHE,

Mutation : ZE5KRZ5 5
BEWHEIZK T 2R FTRE CEEEE b oZE b, =
72 LB AR LIS E D B D T2,

Nerve : ff%
HHER DR,

Nerve fiber : R HRHE
— RO R,

Neuron : == —1 > (FH#EEHINR)
W —AROME, MlE, SRR 55—
DHFR AL,

Non-ionizing radiation (NIR) : FEZE Rk

WHEPCEEE (A1) ZRISREIT oD 5y
IREF X =T FFIIR, BREANT BT AP OET
DOFETHR & FBRES, € ORFEIL, 12eVELF O F—
FAX—=THY ., Zhud, ER100nmEL B, F72iX
JE A3 x 10 HZBA T &S5l T H 5,

Non - uniform field : FE—#k72 R
BEXRTH D HEREITH RO O
T, R, Hm. AR —E TRV, EROS
B HEROFEC L > THEL SN TORWERE T OE

FUcxt LT, ZoE#REZEHT 5,

Occupational exposure : J§kFERIIL < #&
EBO, E£72013F0 Y TONTBIBZATOREL L
T, EADREERT 22 TOEMFIZL #,

Peripheral nerve : AR
PR R OINZH Y . & AT DL,

Permeability : %4

W & ORI LI D AT T — R ETIET
VYVE, W EFVERE IR N T —, BGVEEE
TIE~ M7 ATH D, FFEE : b=, WEE
TV TIE OB R & BZE D@ (EREH) 1w T
Floleb Oz gt (u) &S, AL~ U —
/A — kJW(H/m),

Permittivity : 35 2R
HEEROWS 1 F 13BN RIETHE O
BERRETDLER, 777y R/ A—RMVTRDbEh
% (F/m), HFEESRIL, WEE L IIE OFERLHZE

HOFEBRTEHI ST LD TH D,

Phase duration (¢,) : A7 ARG

FEMEE v OPTEAE a i & AT D AL mOM
DI, B f OIEZEDSE . 1= 12f), 55
BB O%GE,  IREEOY—2 86— fHD
0.37 (HNTIEET D AL FE TEME LW & IR S
o

Phosphene : Pt

JELS DRI & - TR Z 2T RO, BER
LRI & - THFE S, MR PDLITREE AT
D,

1
% F

Plasma membrane : F#ll e
s L ORI Ol E 2 a e lF e —EE,

Polarization (cellular) :  (GRifEo>) 434
AR PN SN I AR S i T BB A,

Power frequency : 7% F 83 5%

RILERNFEE SN D EEH, EXFEITBNT,
ek, 7790, BARO—EHTIZ60 Hz, HRDZD
flinZ < HK TILS0 Hz TH 5,

Protein : 7= AL < E
BT R E b Omy T ROEREA DA

Kbt 7 N—TDO L,

Public exposure : A% IE < &
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NFDREENRBRT 52 TOEMFIEL #, BEEMIT
BB LOERLETOIELS BIIE TNV,

Radiofrequency (RF) : fEHRJE 4%
3 kHz 7>5300 GHzO#i[H D JEN 55 % & OBfi— 1 v
X—,

Reduction factor : 1EKIBHR %

A R A VREBIEITIBT D RN S O 73
JRPRNZ 563 B HHIE O 72 01 A MBI AR & I 2 B
Tl B B BB L ~VICET D R S D
FKOFIE LTIE, 8nT—42 %&b N TOREIC
SMET D Z & AR TREE & AT LT2FF
BEOEAE, &— RSB T DG FHIA
NE (BERR) 7enibb, HA KTA UHifT E
OREIZIT DR MED S, BT FIEOBR 2 1k%
T DRSS T HONR LV L TWHRIETH
LEWVI DN, ICNIRP DR TH D, Z DOAHED
Sid. ICNIRP {2 L D IEBARBORE TIEBEE S
TRV,

Reference levels : %5 L~L

TR FIRER R AR b TRRE SN, AER
R T EEJIKESND THA S ER, B
F. AR O EME L O — 7 i, FAHIRR 2
RPN EDFEATE 246, ALEOES B LU
FIELBIKITHBB LT L TH Ly,

L7z o T, B35 L-ULL, FARRIBROEST % Bfk
WT DTS Z N TEDEBENE 1 “RA
W) 72T A—=H2Th D,

Relative permeability : MiBiEHE

(faxt) BEHEHE (ZOHESR) 2 EHZEROFERHET
Holob D, fHR LIZEWEWD Z &%, ZOWEN
SMERES I Lo TR T TS s Z & %
BT 5,

Relative phase : FH X7 FH

& 2 KB & [F CEE M T oo 5Tl
TE SILD BB & DAFRZE, FIIFTIEREDWIE & D
NAEZE,
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Relative risk (RR) : fHx} U 2 7

AR T NV—T OIRBIR D i 7V — 7 DY
IR B IR, MEIIG U T, Flile & ORAER T
DFREEAT S, MRBEBOLE, FEE R, Mty 27
T2y XERCTH 5,

Root mean square (rms) : SEZhH
BRI A5 L T 588 F() O - REOREL DB,
FCOHE SN D72 5 R OFE TR, £7H
BEZFEL, RIELNT ZREOTHMEERD, &
DOVEHED VIR EGDH 2 & THEIND,
——22[F(D)]? dt

t—t; “ty

(A)

Fms =

S.L : [EFRHALR

International system of units D &3,

Spatial Peak : ZEffj &'— 7 f
INENOYUNCYAYL NG EJEii) (o) RN A5k o
ToREE DY B 0 iy KA % Flak 3 2 HEE,

Spark discharge : KAEAEE

FEAVRICERREAT 2 0 LT R | EROMKR A
WBHEMOBE, ZEREBHS D702 H7eEERE
DLETH D,

Static field : F#H72 5
REfE] & & BIZE L LaW R, 138 A EDBREEH T,
ERE L ORI & & b LT 58, AR A
R R T A0 HZ A B EEN D, DK DR D
THEERAY ) RS IE. Yo T VBER] TP OIRENE B 2 P
THZELIZLVHPETE D,

Tesla(T) : 7 A7
WORBEDEBEN, 1 AT =10000 TV A (2
DIEZ)
Threshold : BIfE
Bt & SO DB 2~ T RO L~

Ventricular fibrillation : /[>2=l5E)
DEDORENRT, INA B TIREE % 5 - 720G & R
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L35, AHRIR O RF A 5 28, R Rl S /e
W e ETARAY A — R GREEJESUTRTE) T,
Voxel : R 7 &L Z O RFEIAEREE O DAL COME (F 72 ITE
SWILDFIHER, KAX 7 — R GREEJFESCIC 1) =49
B3 TIE, Ry A MV ETFTALOEME L OAEDORH
WaERATLEZDIHN NS, Workers : /E3H
MERIZ< HE) B,

Waveform : X

AE

1 JFSC p.825 HAIDEE, BE U p.829 (ODERED 2 HENCDHA, WRLERRICET 5 ik
Bdo, MEERIL, ATA NI A4 ORFICEBIIEDL S0, FITUTBEIZR L,

2 :p.829 R(6)D I 1y 1E, RENTAIE, T rj ORENET D L DD, FUTHRFEIR
L7,

3 fIEE (%) OFEORBEOBRAT, JFXD ELIX ELF) WZFTIEL TR LT,

4 RS, ASCRIER SR TOARWHRER W O23E LTV DAY, JFITEITHR
L7,
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13-4 WHO No.322

World Health
Organization

WHO 2 7% F— |k 322
2007 £ 6 A

BHR L AREE

BERAREERA~DIEE

EROFRIT A HABICRPERN D LR THWET, BRANTHN TV DTS, BERB
FOBLKMEOMITICER EBEROW TN Z 0 £4, 1970 ERBENSBIEE T, 20 L9
7R RBIKEN (ELF) OBHRE LOBERA~OIX BERREFITEWAEREZ LT D500 & ) Bl
DR INTWET, LIRS £ TORICE OERTE T L, B2 L < EE e HE 2 Rk
L. %O BEEZK DA TWET,

1996 4, AR (WHO) X, TR % 9 2 HlICEET 2 Y X7 OR[EEM%
FET D720, EEEMA 7o 27 bearb EiFE Lz, WHO X 27 7))V — 7 135,
ELF B A DBEZEIZHONTO L E 2 —0DF a2 LE L7 (WHO 2007).,

D77 h—hNE, EOXAT TN—TOMBIZIESL DO THY, £72, WHO DO#%E
TR SN ERENS AMFFERERT (JARC) 23 2002 4RI, % L CHEEIEEMANHI#ZEE S
(ICNIRP) 7% 2003 £E|2, ZH FNAF L7- ELF BRIR OREFEREICET A RIFDOL B2 —%
BHOLDIZLET,

ELF EADHERAERLEBEFREIICE

BB L OWIUL, EAIMB LT —7 0 (EEORMS L OEKE M L B i T
LANCHTHE Y £9, BRIT, EMNALAEL, AV MEA— L (VIm) &) BALTHIE
S, AMCERO & D 72k Tl S R BRI, BT OES) (F70 0 D EHD)
ZEVAET, 727 (T) EVWIHHRMATEDLINETR, JVHEEIVTAT (mT) £/
Fva7u727 (W) TERbEhEd, —HOETE, TUvR (G) &MHIINDHIOHEALA
—RICHW S ET (10,000G6=1T), BEFRITIZE A EDO—IRAIRFEM THER SN D Z L 72 <,
KT EH L ET, EROBALRAEROUIT Db if< | HEEEE LITEEL £,

LA EDENZ, 50 £721X 60 A 7 LRy, Eloid~vY (Hz) OEEBTEEL T\
T, HOAFEOBRMLOIL T, BRI E~A 7 a7 ATREIZR) £3, EHHROET
T, BT 20 uT, BRIIET RV MEA— VR £9, L, EENOFEENLME
FBEREER T D - SR BRINTIFN 007 ~1 7 a7 A7 JLRkTIEIN0IL~A 70T AT T
T, EENOBROFEMEITHRKTHE ARV Mg A— LTI,
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B A T N—T [ IREREN e ) 2 7 57 1 ' R IRV, — /R D A & H3lE Tl b L
LD ELF BRUCE U CTARER R EERE I VW Efm L E L, LERn-o T R Tl £
L CELF #ERA~DIZL BORELEZ RO N FE T,

RYMREE

LUV (100 w17 a7 AT %14 RS H0) ORMIESEC L > TRE 5 Z LR

NTWDEMZREERDH Y £, ZIUIE MO NT-EMPERZN e A T = X2 K-> Tl
BN TWET, SMBO ELF BUIEANICER S L OEIREZFHE L 7308, TOMENIER
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LTWET, LER->T, ZTHUHRTEZBETIIL, /LA I BhE S 2 30 IR % &
R72E 213 EBNEDOTIIH Y /A,
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Environmental Magnetic Fields in the Yamanashi Test Line
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In this paper, we report on environmental magnetic fields in the Yamanashi Test
Line. Magnetic field levels measured in several points are within the objective value of en-
vironmental protection and agree with assumed magnetic field levels. Based on this meas-
urement, we show that the magnetic fields has main spectrum at the [frequency
corresponding to bogie pitch and assess environmental magnetic fields at 500km/h .

keyword : environmental magnetic fields, Yamanashi Test Line, Superconducting

magnetically levitated trains
1. Introduction

Recently, influence of magnetic field with Extremely
has been attracting peoples’ attention. In addition to power
supply lines and electric equipment, linear motor cars (in-
cluding magnetically levitated trains) can be considered as
a source of alternating magnetic field. Therefore, it is im-
portant to clarify the magnetic field levels of linear motor
cars in the development process.

Superconducting magnetically levitated trains use
SuperConducting Magnet (SCM) for levitation, guidance
and propulsion of vehicle, which is an essential part of this
system. The magnetic field pertaining to this SCM moves
with vehicles and, therefore, this magnetic field is observed
as an alternating (AC) magnetic field in the environment
of track. Propulsion current flowing in propulsion coils of
Linear Synchronous Motor (LSM) might be another source
of (alternating) magnetic field in environments. However,
the alternating magnetic field originating from propulsion
coils is negligible compared with the one from SCM because
of difference in the magnitude of current of both sources,
therefore, we will focus on the magnetic field by SCM here-
after.

In addition, the maximum frequency of magnetic field
anticipated in the environment is about 50Hz at a vehicle
speed of 500km/h. This frequency range belongs to ELF.
This magnetic field does not have the property of electro-
magnetic wave and decreases more rapidly according to the
distance between current source and observatory point.

2. Yamanashi Test Line and vehicle

Fig.1 shows vehicles used for the Yamanashi Test Line
(first train set)? . This train set consists of three cars and
four bogies. One bogie contains eight SuperConducting coils
(SC coils). Each SC coil is energized into the direction oppo-
site to its adjacent SC coil on the same side, but two SC
coils which constitute a pair on both sides are energized
into the same direction. Arrows in Fig.2 mean the direction
of energization of each SC coil. Tablel shows the specifica-
tion of each SC coil®. Based on this SC coils’ configuration,
we estimate the levels of alternating magnetic field in the
Yamanashi Test Line, when vehicles run.

Fig 3 shows the cross section of standard viaduct of the

SC coil I SC coil 4

SC coil 2’ SC coil 3

—f= = =

0862

7Y 1 FAN W
T U 1 i

car car car
L | |
- [ Ao '! | T OIS vrL | YTy | B ——
¥ ¥ = =
/_ 216 r 21.6 " 21.6 i )
bogie bogie bogie bogie
Fig. 1 Vehicles used for the Yamanashi Test Line

(unit : m)

SC coil 1 SC coil 2 SC coil 3 SC coil 4

(1070 280/ 1070 JTN280/” 1070 W89 1070 \
N sce—

SC coil 1 SC coil 2

SC coil 3 SC coil 4

Fig. 2 Configuration of SC coils in a bogie (unit : mm)
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Table 1 Specification of each SC coil - Table 2 Specification of MultiWave System 1I
Shape racetrack Precision 0.56 m Gauss (DC) and 0.02 m Gauss (AC)
Length 1.07m, height 0.5m Range of frequency DC -3kHz
Exciting current 700kA Range 0.05 m Gauss - 5.75 Gauss

Sensor tri-axial fiuxgate type

center of vehicle

A point
1 i
l i
[ i
! |
o S | )
(=3 N .
3500 || |
B point} I
! 1
ground level 1\ N
W |

Fig. 3 Cross section of standard viaduct (unit : mm)

Yamanashi Test Line. Measurement was performed at the
same level as that of SCM (point A) and directly under the
end of track formation (point B). The point B is selected
because its magnetic field level is higher than that of other
observation points at the same height.

3. Measurement result

To measure magnetic fields, we use MultiWave System
I (Electric Research and Management Inc. in US), which

JR CHUO-LINE

was used to measure static and alternating magnetic fields
in Transrapid in Germany and TGV in France.” We show
the specification of this instrument in table 2.

Fig.4 shows measurement positions in the Yamanashi
Test Line. Measurement was performed at five measure-
ment positions of D,®,d,® and ® in Fig.4 on March 10
and 14, 1997, with the presence of Yamanashi prefecture of-
fice and Yamanashi University. A sensor was set at the
same level (height) as that of SCM in positions O and® ,
set at the height of 1.5m from the ground level in position
@ and set at the ground level in positions @ and ®. Fig.5
shows a picture of measurement in position ®. Fig.6 shows
measured and estimated (calculated) environmental mag-
netic field wave forms at position @D. Bx, By, Bzand | B |
mean the component of direction of travel, direction of
guidance, vertical direction and composed value
(s.t. | B| = (Bx®+By?+Bz%'%2) of magnetic field, respec-
tively. Fig.6 (a) is an observed wave form of magnetic
field. The wave form is composed of two components. One
is static (DC) field (bias), which exists regardless of
whether vehicle exists or not. The other is alternating mag-
netic field originating from SCM, which is superimposed on
the static field. Fig.6 (b) shows the wave form of the mag-
netic field in Fig.6 (a) from which the static field (bias) is
subtracted. Fig.6 (c¢) is a wave form calculated by Biot-
Savart formula. From this Fig., we conclude the following.
1) Fig.6 (b) and (c) are in agreement.

2) Four wave cycles are observed, each corresponding to
one bogie (with eight SC coils).

Thus, the fundamental frequency of this alternating
magnetic field can be regarded as 21.6/v (Hz), where v is

THE PRIORITY SECTION

<%= NAGOYA
NAGANO

KOFU-CITY

18.4km

®a@®
TEST CENTER

CHUO-EXP. WAY
5_;%

TOKYO —+

STARTING POINT ]
0kmO000m

ENDING POINT
42km800m

- TUNNEL SECTION
Mt. FUJI

Fig.4 Yamanashi Test Line and its measurement positions
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Fig. 5 Picture of measurement in position @

vehicle speed and 21.6 (m) is the interval between two bo-
gies (See Fig.1.).

Table 3 shows measurement results of environmental
magnetic field at five positions of Yamanashi Test Line in
Fig.4. 'Vertical distance’ means the vertical distance from
the center of groud coil (which nearly equals to the center
of SC coil) to the measurement point and "Horizontal dis-
tance’ means the lateral distance from the center of vehicle
to the measurement point. 'Measured magnetic field’
means the maximum value of | B | in Fig.6 (a) and "Meas-
ured magnetic field by vehicle’ means the maximum value
of | B in Fig.6 (b).

In all measurement positions, the maximum of meas-
ured magnetic field by vehicle is less than 2.41 Gauss to sat-
isfy the objective level of environmental magnetic field
required for the Yamanashi Test Line (less than 20 Gauss)
3)

In ordinary viaducts (8m girder), the vertical distance
from the center of ground coil to observatory positions at
1.5m height from the ground level is about 9m-10m. There-
fore, ‘4.6m’ in position @ is the minimum value in the
neighborhood of viaduct structure accessible by ordinary
people. In the case of positions @ and ®, ordinary people
are prevented from entering the area within about 4m from
the end of track formation (s.t. the area in which the hori-
zontal distance is less than about 7.5m) by a fence.

3
ot
1 4 4 4 s ! Bx
' ) A mmwvan~ By
é)% ? A O A U e emmmam— Bz
-1 "/ ? ‘ / {' e | |
2f Voos o
A
-3
sec
(a) Observed wave form of magnetic field
3
Bx
” sews.w By
123
a3 Po— T
]
(b) Wave form with the static bias subtracted
Bx
% »oee e e o By
3 p | B
<] 3
-3
sec
Fig. 6 Magnetic field wave form at position D

4. Spectrum of alternating magnetic field at a speed of
500km/h

In this chapter, we assess the environmental magnetic
field at the maximum vehicle speed (500km/h).

In commercial operation, one train set consists of a
number of cars (14-16 cars). The peak of wave form in
Fig.6 will repeat further when the train set becomes longer.
So we suppose periodic magnetic fields at every pitch of
bogie (21.6m, see Fig.2) and calculate Fourier coefficient of
this periodic magnetic field as below. The expression (1)
shows this periodic (alternating) magnetic field by SCM
expanded into Fourier mode.

BR 13-8-5



Measurement results of environni_ental
magnetic field in Yamanashi Test Line

Table 3

[ Position Vertical |Horizontal| Measured | Measured Vehicle
distance | distance | magnetic | magnetic speed
field field by [unit: km/h
Zdirection | Ydirection vehicle
(calculated) |Transmission
unit : m unit : m |unit : Gauss | unit : Gauss system
@ [Entrance 0.0 7.5 2.68 1.89 3
of (1.83) Pulled by
car shed|] diesel car
@| Under 19.0 3.5 0.45 0.02 15
the (0.015) Linear
viaduct synchronous
motor
@| Under 9.2 3.5 0.50 0.19 15
the (0.20) Linear
viaduct synchronous
motor
@| Under 4.6 3.5 1.76 141 15
the (2.0) Linear
viaduct synchronous
motor
®)] Vehicle 0.0 7.0 2.70 241 8
level (2.43) Pulled by
diesel car
B(t) =X%=1 {BciXcos(2z X (v/21.6) XiXt)

+BsiXsin(27 X (v/21.6) XiXt)}

where i is degree of Fourier mode; v is speed of vehicle;
t is time (sec); Bci and Bs; are constant vectors (Fourier co-
efficients). When vehicle speed =500km/h, v=138.89m/s.

We show calculated magnetic field by SCM expanded
by Fourier mode at a vehicle speed of 500km/h in Fig.7. The
calculated point corresponds to position @ in Fig.4 and
Table 3. In this case, the fundamental frequency is 6.4Hz
(138.89/21.6) and the amplitude of harmonic frequency de-
creases rapidly, as frequency increases.

In addition, environmental magnetic field by SCM is
intermittent in contrast to that of power supply line. In the
case of commercial operation (we suppose that trains com-
posed of 14 cars and 15 bogies run 12 times per hour in one
direction.), the ratio of time when alternating magnetic
field is generated by SCMs is as follows (at a speed of 500
km/h),

(21.6X15/138.89) x 12 X 2(double track)/3600=0.016.

Namely, it is less than 2%.

10

1 ITEEENSE NSNS
©

0.1

position @

=

Gauss

0.01

0.001

0.0001
Hz
Fig. 7 Spectrum of magnetic field at position D at a
vehicle speed of 500km/h

5. Conclusion

narfarmad o masaurament of anviranmentsl mao
We per formed a measurement of environmental mag-

netic field at the Yamanashi Test Line. We conclude that
the specification of Yamanashi Test Line guarantees envi-
ronmental magnetic field level within the objective level re-
quired. And main frequency component is 6.4Hz at a vehicle
speed of 500km/h, which is low compared to that of power
supply line.
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