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N COFEMIT Y, £z, 8T £ TOREEUTIREE =
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Chakeres et al. 2003a), ZAUL 5O OFIFLIE, HIED MRI
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R NTWD, EOKRE ST, HEAEERIZ LYK
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EDNEL R BB DS WHIFRHIICERIC A B,
20 Hz OEBEHEENE WL L ORBOEK L —BT 5
TEERH L, Zh L DRGSR R TII R A
Roiehot, BRTDE, W7 A—71%, #Ermpd
R & 0 FRV L~UL > 10—20 Hz DESRAS. R
BEORRER X OSESE TEITHFO U X AEOBELN
EEEMAMERA LSS Z &, SIRAPE L &S L O

IZhThCEBTLI b2 AHE L. 07
XD 10—20 Hz ® EMF T35 X L7 EFRICITFED

HENHDHMNBHNRNE W TRIRE L5 LT,
LML, oMo, EEEEMFIZIE iR

VT4 TICBT AMOEKER. R, ER, ]
\ZBA3 5 M TEN PRI B ORI E TS £ R

< (Cook fih 2002, 2006; Crasson 2003; ICNIRP 2003a;
Barth fifi 2010) , —#%iZ, &0 X 5 Z2HFFTKIL - 2mT
FFENUTOECE LV, T42bb, Bhoi
BRI ERITTDICKERIZSEL VLI VRN
AL TITPNTEY, BN & 25, T8
R B ORI Z R L TV DB E 2\, D k)7
B % B & T 7o DIC B e S hid, BURER Tid 4y
WZBRELZ STV 0Y,
EMFé&KﬁLT@@(A4ﬂ~ﬁyy?47)T
HHIEEFZADADBWD, LOL_EHERIZ
FEMT TR B O FUTZRERLE #iéﬂtrmiEMF
X<BEEBELARNWI 2RI L TWS (Rubin flt

2 REEZ ACHIE (tACS) 12
DLALALBIS,

X, R 2R BB R R E & 0 R
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2005; WHO 2007a) .

KJEHE OBRE L OWRA~DIE L BA 5 DfER F
TIRHBORRE 72D L) Z o0 T, —HME
272 PRERTIEARWFEL L2720y (WHO 2007a)

BT, REROERB LU ~OIEL &
IHRATEY A HOBERE I R 2 B 2 2 ATREMEIC DUV T
WL ODD R HIEL TR TE < OIRRD HIRRN
1Thoile, WL ST BITFR N E 7o T, s
KEEOBROFEZE L L 52 LT O TUIHES
DOHDHFRH D, ZhiiBEo <, REEMEHD
FER, BMEORBER IR E R A B VARIGAAE T
L7 EEZHIND, FREMEDS D ZOMOERS X
OREFURTEME OISO W THEBAREIZ STV ZAn
(WHO 2007a) .

L7z o T, RAEMMOME, Mk LOWHL#ED
BRI, MRS ORI+ S TR
v, fEEoORILE LCRITE S, ERICmA T,
FALEL L EE) & W & ORKEERE, BEERIC L
L BMEORELZZTHIEND D L BTN
RRRRRHLS H 5, L Lo, [RBKOEBERS
FUOBSRICIZS BENTZRT T 4 7 TOZ OO
FRATENZBRFZED & OFEILE, AEROIEL BHIBED 72
WDORIL L § 21T 53 22 B HEME L 72V,

RN DR BT 2T 4 TR B OB ERE
BROBBREOEFIFILORRIL. 50 — 60 Hz D
e F TR~ DI BRI IR F e
ERIFELNZ EEREBELTNS, 2O L3RI,
MBEP LI END AT b= BETREEDRLE
O LR HRORH L AR ORI B 53
535 < O T REHIANLE ATONTHTITE 5,
50—60 Hz DIZ BARKEA T h=v Lt hz 5
BEIZET O REDRT T ¢ T ERIIGEIL, FIEEE
D & 5 3HEHF ORI EB 2 o 72 5E. W
e HEEL AH S /e b 7= (WHO 2007a)

50—60 Hz OERB I UWERD T » b ORFEL &
VQMED AT b= LYUCE 2 BB R~ 8%
< OEMHFZEOHIZIX, 1IES BN AT b= OB
HlE2AEL I ERELLLORHDLN, —H,
MOBFEITZE D & 5 7% Lish oz, ZHiEDE
JEH & & SEICIT, 50—60 Hz DESRF L O
RO BENRAT F= L LB LA T F= 1Tk

179 2 A HERIRRR I 5 2. D BB B3 2 A K
DR ERITH S (ICNIRP 2003a; WHO 2007a), E -
DS OEES A A2 50—60 Hz OBEFR B L OBUR O
B < BIFECIE, AT b= LU DR
IR LN ST,
ZEOWFIAD TEA—RIF R R b L ABHER/LE
VB L C—E LEEEIR LN TW WA, it e
LT, BAL <L L0 +H0mo LS LOREEOE
L BORIBEAZIZA SN DEHBA L ARH HH
BEME23 3% (ICNIRP 2003a; WHO 2007a) . 3570 72 WOVBF
Fe LINEM S ILTVRWA, ilERLVE Y RETES)
RN B 59~ 2 AV o Al L ORI 2 BY
BT B RE 7 EDRIVE L LA ~DEEE R
W KIS IEEN E T —BED WD Th -T2,
WIET DL, 26O TF =2, EEAKROERB X
O/ ERIIRER DS, NEORBBEICAEEIENTS LD
IRARRN MR~ DR L 52 D L) T L HTRIEL
TN,

HREEMERE  KAKROERL LU OIZEN
W DD ORI BICBIET 2 & O (RER AR
SNTND, =%V Pk LOSRMEEEIZ R
L Cidtsegons b, 2 b ORB LRERIE &
DOBEEDFFHLI R, TV A = —KE L O
PERIEREE(LE (ALS) (ZBIL Tk L Y %< o#fFEnA
RINTND, WL ODORFZEIL, EXBEEOREEIC
BEFET D ANIE ALS DU 27 EENH Db A
LB TS (Kheifets ft 2009), ZHVETO
LA, ZORBEABIT D EMFRI A 1 = X NI
SEENTWARWRS, 20U A7 ERITERNS a v
72 EER BE ORI BRI 2 ZAEE T RE T H D
NbhEnian, EHICEE. KB INIEE
FHIA . BlxE, BE-EKE Y NV I R 2
WEEBFZEIE R, VA2 EREBEL TR
(Kheifets fl 2009), 7 /L A =—J{IZEI LTI,
FERIT—EMER 72, BIRNA T 2 OBTERT ATREMED
K& 7R EFEBI AN — 2 OWFFRIZ I T b 5RO BEE A
RoNed, AAR—2ROMFICENTEH, 2Ttk
WTTIEARWA, WL ONDOIZETY 27 RN
ENTW5, BFENOY 7 I A—F45mck v, 2o
F—F T BB RN E W) HIGA RO b TV
(Kheifets il 2009), FIFFTREZRFERD 7 — L STz
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(Garcia fill 2008) 73, ZAUZIZAWFTERE R OHEFH)
BEMEATR T ARERRH -7z, Mx T, AR
NA T ADFHLH WL 20 5, fORRSERIEL D
EBERRE ORI — B T O TRy, ZhE
TO L Z AME—OF| A ATRE AR B BRI, RENE
STBHROT IV N, ~—JFDOY A7 EHERLTND
D, ZAUTIERID R WVEREICE SN b D TH D
(Huss ft1 2009),
BEHIZ<BELE T AV A ~— & OB AR~
WRIT—EMER 20, RIETD L, REKIZ<EET
YNA =R LN ALS & OB O FEML LI E R
TlEARuy,

DIEMERESE - N L OEHNIEL BoER
BIRFZEIC JhE, BRI 3 v 7 I3 AR R Y —
RTHDHHM, ENLAOEEREOERS L OBERIZE
B 5 DB E R~ OB EREEN, R EIX
S CHFEMICEET 2IE<EL~VLTH &R S
HAREMEIFZR VN ERIB I LTV D (WHO 2007a)
SCER TR LRI A RIS 1T D82 B b s ST
WHR, ENHOEBEOREI NSO THY, —
DOWFENS L EEOTFFEMICB W TRERIC—E
7272 (McNamee ftf 2009) , L& SR D
FEEBRRE L UBETROMIEEORFIL, 13 B L ORE
R LT (Kheifets it 2007), 13 < 5 & DlgD
BEFIE O & ORFRERBENET D0 E 9
FHERICBE 720, RS 5 L. T E ORI,
R < 78 & D & SR iR & oD B 2 7RI LT
720N,

HTER & USIE - BRAICHT, EEELE Fo
HFEA~OEERPE L B ETIIRBOKERIZL &
LOBREZR LTV, B ORBSUT BIZRE L
TIRED Y AT EFIZOWTIRER Z2FHLIN N D
HDHHLOD, ZOWEIN-EEIIMOMIETIERS
NRinoloZ ens, R, O LD RBEIZ OV T
DOFHLEZ L\,

WL ODOIFFLIADTRICI VT, 150 kV m! £TO
KB OBRA~DIEL BORETMNTHONTE Y,
FOHITITIR & R FBAEAY A X% Bz #ttizh
7B BOWIRL H DD, FERIEE~OHRERE
B3 W2 EE—BHLORLTWS (ICNIRP 20032;

WHO 2007a)

LD OB ~DIE FEiE, 20 mT £ T
RWTIBE, REBRIVERITTIE PR E 721X B O FF
%4 U7 ny~ 7= (Juutilainen 2003, 2005; WHO 2007a)
e 2 L IR OERS LORR & FES L0
FE~DEEE & OBHEOFFHILIZIER T,

DA 1 1980 FE D 1990 EUTHRITI T =) e

D OBOEFEREIL, 1998 FEOIXSFEHA KTA D
HIFRAE 2 $4HT Tl 5 K & S D 50—60 Hz B ~DEH
HNES BB A LT B0 N2 L ZRE L
7o WIHADBFFRIL, B &/ NERA L OBEIZEH L
TV, TOBROHFEITRAONALRE L, &
KE LT, YUoBgshi, 50—60 Hz R & flix
DR/ EOBEIL, FOHBWEELHEND HT-DICT Y
A VIRV THER SN2 D o7z, L L7
N5, /NEEIFEICE L CRRA R 5, BAIOHF
FETHE N TAT DI IIFEIL, 50—60 Hz OEEEREER
ROBNF O EXSr E/NRETF Y 2 7 12550
HRH DB ENIRNT L EIRE LTS, ZNSEE
RIRMNE NIRRT H Y |2 OFRERITBIRASA T R
B HFEE DGR L OMBROMAE TR D
AR H S (WHO 2007a), 25D F — Loy #r
(Ahlbom ft 2000; Greenland ftf 2000) /%, 0.3—0.4 [T
B2 DXL BIZOWVWTEREI U XA 7 B350 05
NRNZ L EBRR LTl —H 2 OGHT0EE bIX,
B 0 OFERBET & /NEAIMFE & ORFERRERT L
IR TE RN LR EE LT,

FIRFIZE 25 Z L%, EMYBER A 71 = X B3
DRIEENTE LT, £, 8k L UOHIRRMsEoE
BafE R, 50—60 Hz WaFE< oS/ N A Mmoo R A
THDEDZEZEIFFL TR,

EET_ET, &b —EORERERO/NEA MR TH
D, AMED LoSIEERME A MR ORE) 2 BT LA
FEiXnWZ & Thd, 1FEAEOWRIIFEREET V
T 50—60 Hz AR O AR E 713V > SE~DFET
RN Z EEHE LTS (ICNIRP 2003a; WHO 2007a) ,
HEHE O KBRS K & 5 28, EIRoN
Ay A, MBS L OEERAZELSH LW HHE
FEOMWANZEBNT—E LI Z 7R LTV,

T v b OALEMEE R A~D 50—60 Hz BEFR D5
BIX., +HREBOWFRE LTS (ICNIRP
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2003a; WHO 2007a) , —EPED 22 WFERHE S L7223,
Zhix, BFEOHRKEMOMER L EER T a haL
DEFEWVRERI D 5 W RIRE b a2, b
SR E T IR AR S A E ik ) X
JEDET /L~D 50—60 Hz UL BOREIZET 5
REDHFRITHER TH o7, FFRIRARE., b5
BT ST RE N AR IO IOV T ORFZE
FE A EBRTEMRRERE LT,

2R LT, KEEOBFIE < FEOMBa~D LN
FA4 28F781%. 50 mT AT IZBW CEIREEOFHEFHE %
R LTV 720 (Crumpton & Collins 2004; WHO 2007a) ,
R 5 & /NRAIE & B OBR~ORHN
X< & ORI OEEEHIFEIL & (IRHRAYIC, AAA D)
%%%%~& FRIC KRBT ZE 0 /B D=7 —
2%, IRFRHEMICEENTH D, MigfEoT —4
I, ELICHRTIZARVLOO, 2E L L TEmIZE
ZEFL TG,

_I@?E éhé{-&ﬂ/&b‘r |“7’f /(Dnlﬂ]&

ICNIRP (%, Z DfsFHIBW T, ARl Lo
MIZRMEREEBICL L, FU A M) OfREDOERZ%
BlIZAND,

2E % {EJEKE EMF ~DT< BAFRRIZE %

MBI O SN b ONERH D, THIT
PR IS & Ush%ﬂm&@ﬁﬁ%%l i AN SO u?ﬂ%ﬂ%ﬁ\ﬁ)‘ﬁﬁ%

DFFHTHD, £z, MENRBIEREEHLA S D b0
X, RRAAER LB & OWIHO X O 7R RE A E
FUC LY — DB EZ T HFREETH D, 2D
ETORBIIIBENFIE L., BEL T T
RN, FRFHEEEFICET 5 EOe BAHIRR A
Wi T 2 LI L - TR RTEE T H D,
FE S O < ERIRRICBET 2 4 R A > (ICNIRP
2009) (R U CH SN HERIC L2 Ad o T B3N
BRE T, #MU7eBhE LN Th GG, (EEE
DA IS L OV B FE D IS REIZ AT = 2 ATRENE
D& DD IREACD K D @D B A Ao L
THEERICABRT 2 Z LIFBIC e 722 L ThH D &
ICNIRPIEE 2 5, 7272 h, 20D X 5 BRI
F IR ER MR A SRR U D &3 b
RWINGTH D, D8I RIENRECOH KD &
S LE T ~DIE FBIL, KB LR REROH

BRI A B3RS 2 7o DIZHIR £ 415, ICNIRPIL,
FAY R D IR B & A BRE O 2T A/ & VW 2
LIZHBL TS (BB , R OMRIRHE
b, M3 kHzBA ECiE, BEfE AT AR LT
PERFE N IER L 725 2 EDFIRC, £728910 Hz
PUFCiEp - < 9 & L7zl ~ DN 23R A T
FNENEEN LR D,

MAREPIYEIRS & [hBE3 UL, MdAEIC L & % WTaedE
DHLETORERY#EIND Z L2k d, MR
BEI320 Hz Iz 8V T/ T 4L L0 i JE
BLOEVERE CIIRKIC LT 5, Zhoskibs

SO R AR B & 22783 % aUT BV T, R
PRI 9 D HIRRED B S D, JIa1d T
BT, BROESERIICK ST X< ERILE

HIHE 2 FEA R VAR b BB 2 BB L
. TIEMETIES D BMEE A PIET D IBER RTREMED
2 WEERHT DI, EARHI R ITHEEDI LR A

&Eénéoﬁﬁ_owTM\MEm%%@mﬁﬁ%

¥ 5 NEAINS,

KR EOBRA~OIEL Fl, KEBERERIC

F43 B B8 _éhfu%i%%é’a}im%él—’ét T

FDLX 5 RIEL BT L - CHEREICHES N LRE

BRI L DRAER OB IEIX, 2% L~ E ATt

W%,

TSR K BRUR OB MR BN B9 SR

# % OFFER LOFMAF LRSI K > CEEMIZEHE
SN T& =, WHO O3 ABFZEHEECTdh 5 TARC (EHEE
D3 /UFGERERE) 1. 2002 FEITIREE OB OFEM & AT
W, 72V —2B (Te MIHTEREBAMEND D
DH LRV EFHAESNDE AT Y —) I LT,
Z OSYEORYT NG A MR B9 B IR SR RS R
Th D,

ICNIRP D RUFRIT, AREHE OB ~DEIIE S BV
mamr@Uxﬁt%tﬁ%%’ﬁﬁfé’k_ow
T OBEFORFHIGERLIL TAA RT A OB
kTé:i#a:%w\uw_&f&@&@bﬁ\
Z OBMERR R TR o A L BEAERL T
HEFEA~ORMBIIM L EE N,

FoA R BEREICEESE T LTI, R —
THEAVOEBEBREZFOLIE L, Bix REECHAL
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28T D FHE B OHEE I M IR E AL — 5T
N LT &7, 2L 2 BRI L ORI &
DHEEMT, EMR SR RT T V& AV CEEA
ENde, T, fEEIENE L OERFNIEE LR
—E7 /L (Xi & Stuchly 1994; Dimbylow 2005, 2006;
Bahr fth 2007) 1233 < | £ 0 ERRICEWEHR OREE,
BRE L ORRA~DOIEL BIZ L > THAENIZA L E
FUIZHOWT, 1ZAMICE LWABERE S L 51T
oz,

4AmmPL FORT BY A X T B MG E DF
EERHENS, KA RIAORBICE > TR
HRZR RV AN OFRENE LTz (Dimbylow 2005;
Bahr ftfi 2007; Hirata fth 2009; Nagaoka fth 2004) , %
HERAE)— T, MEMMEEIEAT (BROBEE)
FRIFEE ROBE) OFF, HENIZHEIND
BRITRKNIT2 5, I LT, 50 HZBEFUT L 0 i
B HE I N D BER ORI Y — 7 OB KEIX,
AR mTH4 72 0 8 X %23—33 mV m™ C R Om
& L HRETNURTET D, BURER CHRIH AraE7e R
AR Z 3t 2 B BUREL I 72\, L2238 o T, RKAH
PRI  ® D RGNS, U — A b — A DFERHERE &
L CGRIENTZ, 50 HZBER U L 0 g IZiE s A ER
X, SMERBER I mT%7= 0 B L Z220—60 mV m' TH 5,
50 HZEB ST X Y BRI C B E S 2 B RO BT
E— 7 EORKMEIL, SMBERI KV m' Y20 B Lz
1.7=2.6 mV m'CH v | IR\ T, SMNTER kV
m'Y DB IF1R2-33mVm! ' Th 5,

SE L IULOEHICEBIT DR/ ST A —F DR
HIEFIFATTRE Y RO A B VISR A RIEN S ZEE L
C, ICNIRPIZ, HEAHIRIHBE L~V EEHT HER
12, BRANCRIED 5 FiEEZ AW TW 5,

EMF (X< BHIRICES 554 F51 >

TEAIE < 88 & ARIT < BBITHRF L TRl ofiagls b5
26D, KHA RTA NTEIT HREENIEL BT,
RO, F23E Y THNEEIRHBITOR™E L
LT, —MENCIFBEROSMT T BBIZHB VT 1 Hz
235 10 MHz DR ZE(LT 2 BRI L ORI B
SNDHMNCEA SN D, <RI, A&kE ) HGE
iE. ETOFERO, FFx 2EFREBOSEANIEA S
o, ZDX D RENOEETIIEx DREZ D ZAR

PEIIRELS D EEZDND, £ DOHE AROAN
72HbiE. B4 D EMF ~DIE< BTSN TN,
FEERNIL BENDEERITHTH O L VLW
XL BHIRDARISH L THRASNDDIE, Z0k)
IREEPRIL L oo TN B,

MEZITE T HTHEN S AD XL

ETCORFRT — 4 L Z ORI S 5T O R FED
IMHENFR, RN ZOFINIIE, PR FLEOE
W, EAR, BRER. REOERDD D, FRRIC
B 2ED XD A e S I HMERSRE A VWD Z LI
ZoTHIEEShD,

LM LRnRG, RS & EDRERORTIZET 5
TERNAR 0707z, 2T ORI EEF & 2 TOLER
G =TT o TRBIR R & TR E T 5 T2 D OfERE 72
DIRBUTEZ Hhigvy, Ledi-> T, T — 2 ~—
A DFFRPLARBRIE DOIREIZBN T, EOREE TO
MRS 2N &2 733 TRMBHroRE T
b5,

AEXFIRESE LA

TESE ST (RS b ERERYIC BRI B D B
B (1 oFHIEEE) IS E L B OBIRME %2 Ak
HIFR & FESS, KA A KT A B TEMEIEL B
AHNROBE 2 YHBRIT H ANBRBE E <
BB, I EHRHIIERCZ O BRSSP
IAERT 6ERTHLNHTH D,

HIRNERSE IS R#ECH B, 2T, EA
2 E BRIl 0=, 1IZKBOBEL~LNEZ D
no, KEOCEEL VUIHEL L/ E-I3EEE
W CBIET 2 EARGIRA HEXHI D, WD
DOBE L)WIEMPIEL BOME (BR) B LU
BRI THEEREBILT 500 TH D, BHEish
R, BRIRE (B) | BRREE (1) | REEUE
E (B) . BIOWNER () Ths, HEHZE
OYFRITEMER () THbd, COLIRIIE
KBUTBNTH, WO HEEOHIE M X 7= 135
BEZ @RS L~V E T 5 2 LRFRETH D,
B L~V ERTEIE, BET 2 EABIRZ M- 2
LIIRIEEN D, b LIBIEMEE 2 ITFHRENSE L~
NWEBIRTHELTH, 2O ENMT L HEARFIR
ERBIET D LT LR, LOLARRG, B35 L
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AUV AT DRI, B % BARHIPR & 7o
TG ERERE L, GBIRIBGER DS LB A R TE
THLIELBBETH D,

E AR

AXEFITOER BENL, EHEA~OF E/R L

T DO DEMFIE L BHIRDIZDDITA KT A
EHIESTHZ ETHDH, b X Hiz, U AT T
ZO—@EOKIENHET D, TAUTITRIEHEE R
(PNS) 3B LUHRMER (CNS) OFiRE, MIEPI:
BB OFR, WEEED & 2 ~ORBO RN L &
ihd,

FROEBLENG | MEPIEBR OB ZERET 57
DIT, 10 Hz—25Hz B EGEFEIC BT, BEnis
< BIL TS OCNSHERE (T2 5 | i & M) (250 mV
m! LT OBRRE A FHET 5 L5 RERE LURR
IZHIRR SN D, T D OFRIFREIC LY . fdiEeelTx L
TR E DHREM O H 5 @O BEBIT L THiET DI
PTThD, INHOEBIIBE~DFEREELITIA
RENTWARY, LMLARNBS, —HOR¥EMEREEIC
BWTHEEZET 20 bRV O THEET 2 D)
J U L ICNIRPIZFRG: T 5 23 SEINAD 22 (s iR 3k 3
SRR, TALE Y @RS K OMERVE R TIE,
MEREDIERIE I T AIC EF L. RiER KO OH
R OBIE & 400 HZ TR 7T 5, 400 Hz X U &
JRREETIE, RAEIEROR O HIRE A AR D 2T DES
LA SN 5,

BHINTZRETOXEL. (FEERXTOL I
X< B LR X D AMEEED H 5 —IBEOFEIZ SN
THHBE B2 LN TNWADOT, Kk LOHIROAHE
TR A [l 5 72 12, BB IS K OMAERIZ800 mV
m' DT OBEREE 2 HET 5 L5 eBERE L ORISR
IZHIR SN D, 2k, ERORENSEBETH7
DIT, AR ES V m s U CIRBRE 5 A L
HOTHD, 3kHZLL LTI OFIRMENE LR T2,

DRIZOWTIE, KBRS 5 2@ L., BEEOCNS
FARERIZHT L, 10 Hz—25Hz0 B A& T10 mV m™ o
EARHRN G2 HRD, ZhdvEuwEEs L O
R C RIS B9 %, 1000 HzIiZdk W T, 3R
T 36 L ONRAX D A Bl B & Bt - 2 BRI BRfE &
RFET D, T2 CIEERE 10 Z@A L, 400 mV m!

DEAFIBENESND, ZOHIBEIZAEDETO
ERALOFFRICE A S D,
HABIRAFR 2 BL O LI,

FefE Tty

ICNIRP(Z, @RIy, I IIEE IR O ©°— 7
ERFOLOEEGD, BRELEBACLVBEENS
B ENBERCHTT DR EIL, RS S iny Bk
B H7ed 2 & 2T 2 GEEREANE < BICBIT
LELBEOZL) |

FEEROZMTY

FEEROFE LA R L OMRR b
U—JIZRELTEZ 256, Rk aEis ¥
BT & RO A RIS T 5 2 ENEETH D,
1E Y 22 A n ) Hept & BHR R EOBIICEE 3 2 Bk
R T D72 OERERIZRPTHEZE L LTICNIRP (%,
G B 72 T D/ & 722 2X2 X2 mm® ORFEMRE

F 2. BT BRI LOBRA~DANEDIE < FITR
% HEARHI IR

=4
< e i %@ﬁf
RIS E
SHESOCNSHH AR 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 27X10* f
SRR & (RHER D ik 1 Hz -3 kHz 08
3 kHz— 10 MHz 2.7X10* f
BRI B
FHIOCNSHHA 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*
IEEE R Nk ik 1 Hz -3 kHz 0.4
3 kHz— 10 MHz 135X 10" f
T
-TIXEER Ho) .
- 2 TOMEIEFEDE,

- 100 kHz & ¥ @\ E B T, RFICFFE RSB L1
BN EEBT IVERNH D,
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Bl [Hz]
- e BEWIECE ; BEIHOCNSHARE — R C R BBER LRSI D2 AR
- o NROIELE ; BEHDOCNSHERE - e NROIEE ; BILATOLAAR
1. CNSE LUPNS~DOEEIf R B ENERIRE IZHS < ARIE < L BEEAE < BIoxtd 2 BAHIR

GR&ETVE : JFSLOALBITIX, BIZCNS, PNSE RSN TWDEHTZ, £ 2 s8 T, EhZh,

SHEROCNSHHRY, B & Mo EHk LR L, )

IZBIT2BROR MLVEEE U THEERELIRE
THIEEWETD, HOREOH B TOER
D 99 —f L H A JABITEASIR & Ol 5w )
RETH D,

BRI, = 2—1 B IO ESTENE
FIRA~OERE BT RPTHIRE CTh 273, £ ORER
B e/ MEILBRAEEFHIER B LOEHR Ko
A NV OEROHRNZE > CRED, =a—nmrBL
OER > N U — 7 OMRERI5E T 2 /2 ERy 5
RIS g S N - BRNEAHTEMZETH
%, B L 7o iR A BRI o TEWEEA
FEROFEE) . ZOBMNAEITEOHFEER 2B
EOHEECHS LI-b D Th 5, EHFHEW T,
OHEHEL 2 25 7 mmOFHEIZIE S > < (Reilly 1998;
Reilly & Diamant 2003) . A#ifEMEATIE, 77 1
T ORI OERKIERETH 549 2 mm% = OFESHE
L UETE %, T D OIEEEITHEEE L /- eiimiao
FIHBEEE 22 L EICAVLN D, BERED X 2
WHRERME L 0 (RVEBER CTOREBDOE AT, 2K
FIEAER LA D Mt £ 6172 TXy U —7 )

Hx
-

ZhREBREICANRT UL S22\, 2 OREBROBIE
I T ACHE ST/ S TR BALZE DO INE 5y

LD bDTH D72, HEE L 7= el o f R iE
L0 &R VR, FEEROEHERT, /T
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#9252 THD (Reilly & Diamant 2003)
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- IR WS W
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BELYL (EEEL, EHE)
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TE:

- FIFAEEES Ho) .

- FEERLH OIE < Fids L OR O AR O T 5
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Ay, WENRT v Z X, BiEcix T, &

BLUBRONMABICOHICHER 52, 7414 &
NEBRABLUOBARAOEY— 7 EHEEL S, K1,
2, 3ITRENE LD T, HIRRE. 12 UL 70 GE
B FloixficERENRAIL TELT S L5 2JE
WEHIICY T 65, 12 1A OB XU T
B2 &FM T, 7 X ONHEA [ R7BHR)

IEENEI, 180, 90, 0FE, 90ETHD, H
IMFT 7 4 VBT, R e KR B R E D B
WEED 3 dB LLEds K OVARAS 90 BELL Il L 7z
WE S BRI T A VA ETALT VXN T 4 A
TS5 Z ENAEETH D, —FlE LT, K Al
2, FHEBEBROEAT 7 o V2O, RIS
L CORE &M R~T, SEEI##IE,. RC (EHL

Xy NV F) BT 0 v 2 B E O T BT P T

SNTW5, BEAMFTFE—ZEOT Fo—FiF, =
t—L v hBIUEaE—L v FOMFOERS L
OBESFIZHAWD Z LR TE D, BEOHE,
oItk &0, RAREBERELZ LS TY—A
F—ADE— 7 ENBEE NS X I LTI

LRV, DO S, Eae—L MER
BLOUOBROEGE, BEAMTE—ZHET 70 —F1%,

AR MVRTIEER—Th D,

F 6. FIELH OB LOBR O ©— 7 {BIZ35 2 HIRIE,

ZER WKL 50 HzTH D,

B E R

Fl&s

£l (B)

FEEN (mvm?) SRS w5
Jii EpAA (V) (uT)
Ty _ — — -
< *x 100 x 800 * 10000 x 1000
I — — - —
Y x 20 x 400 % 5000 %200

17

10°
R e
10™
10° 10" 10° 10° 10* 10°
BE¥ (Hz)
100
- Kot
so | NI | RC E3%
0
-50
-100 —
10° 10' 102 10° 10* 10°
BE# (H2)
X Al BEBEBROELL T IS DIREINE & NFEINE

B

Adverse effect : HE /2
I E TS, F 1T EEMERA~DIX BT LD,
AN DEEEEIZ & > THE R,

Averaging distance : “-¥%){L BREfE
FEARHIROBWF A RET D & X1, FKNEROFY)
% L DR & 72 D ERRE,

Basic restrictions : FEAHIFR

EFEA~OHEREEIED RO H L, £TO,
BEE o>, SRR & O ERREIER A 1 =X
DCERET HWBREICET S, SFH I LERBE OIS
AT I BRAEL,

Cancer : 25 v

Hil A& STz B A BRI O 2, 38 LU IR
DEI2 DENLA~OIREDIEN Y (H58) 12 X - THH
DIFOIDIRE,

Central nervous system (CNS) : HX ¢ %
&R D72 D FHEBIOMRRO—H, KH
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WRRITE Eh e,

Characteristics : 44
BRI R O S, B2, K&
&, B AT N T A W, TR,

Conductivity : EER

ERZHI SV EHIAE L2 EREEORE &
ZIRTET 2 OMEIOME, BALZS— AR/ A—
R U(S/m)yCHEDLIN D, IBIIEOW,

Contact current : HflEE T
T & DL E I O BRI AR 2N L CTER
BT D B,

Current density : BT E

& DR DT DTN DR E 2 EE T 5
EHNZFE LW B L, BRIROERIZIS T 2 &
BT, B GROBEETE > - EICE LY, B
NAXT T /TG A — MV AM) TEDEND,

DC : i
direct current OIEEE, L L. ROEFEEZ RS
HBlZbHWLND, [FRHIZRR S,

(MR o) Wiyt
HIRERELZ 20>70> % B L REEFRAL DB

Depolarization (cellular) :

Direct effect : LRI
EMF & A= W32oks & ol B0 B AR OfE 5k
U 5 AW 2,

Direct electro stimulation : B %% <MK

SRS F I IR Lo TS SN S (R
OB UToREL, MhooBk & OB Bl E 721
KACHEBII RV,

DNA (deoxyribonucleic acid) : 7 4%+ U Ri%lz

2R T, 2EDOBIEELIEY BIF T DT A
VR VAT RO@ST TR E A EOEYOEIEE
HOMETH D,

18

Dosimetry : KA RV

BREFUIX BENTANEFE 2 ITE OV E R
SREEFE I IR BN, e kL F— I E(SA).
e R F =R SAR)DOHIE, FITFHREIZL D

Electric field : FE5
AV R A= RVTHESNDNY VS E

Electric field strength (E) : BE SR (E)
BRANRERKIZT H1E2EOERCEI-7-fE, &

RoEI=a— b/ T —a U EERL RS A—

hL/CFRKb I 5HN/C=V/m),

Electromagnetic energy : #BH;iT R/l ¥ —

BHEANLOT RN F—, Va— L TERDIND(),

Electromagnetic fields : BRI
RERFCER LMROMHAEDS o7 b D, ZOH
FEIE. LIE LI, TEERES ST (electromagnetic radiation) |

LIRFA SIS 10, HOHE & o SHRHIREE A
WZOWTHWS &, 25252 L0305,

Electro stimulation : IR

FIN L 7= KRR L 0 BB MR B2
EEEMAHRET L L. TR, BT 7 Ak
DIEBDOEALEEL K 5 72 v T ARnHERIZRK T 5
BRI BOFE .

EMF : 3 L OB
Electric and magnetic fields D #&FE,

Established mechanism : #37 S3L72 A 7 = X A

WD LD 728 b D EEERIA =X L, (a)
vt N OEWFRIFEO TN HWS Z L3FRET H
% ; (D) FRARLEEM O BREZ WA E T 10
WEARETH D ; (O MNEBWTIRIESNL TS, £
T XEMT — 2 BREE Ao Tk R SMERRETH
5 5 (FRST 72U L > TR EN TN D () FFR D
HFICEL ZIT AN BTV D,

=

Exposure : [£< #&
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BN DMESEE DS I L ORES F T2 1T ER O
HETICHD LT, FHEIELD LN,

Exposure, long-term : EHipIX< &

Z OB, BT 5 EWR O AETED KE S 00 HITH
W DIEBEEET, Lin-oT, #HZF0HL 0k
BRI B EFEE TR T2 D,

Exposure assessment : (£ < ZZ#Fifl
HIE, E7 /b, BEERICET 2w, zofholy
B L > THThN 2 A0 B OFH,

Exposure metric : 1% < BRE

BRI L EFEMAOIE BERET 52—
O, REZ, B, Wl L2E 50 & WERD
T =AM OMABEDHIZ LV IRE S LD,

Frequency : JE %k
BRI XV IES N2 IERIERIE O 1 IR
B EEK, @E., ~LY TRDENDH),

General public : A%

ZOMFEIADERASEKEET, ETOERD A,
SRRIERERIRO N2 &, TAUTIEL, SRS/
AL b, ERTOEES, LR, N ERRIC
BEBEZTRTWIIL—TREANEEND,

General public exposure : AL < F&

INRORRENZ T HETOREEOER B L OR
FIEL< T, TNOERITITENZ BB L OERIT
SEFEFENR,

Harmonic (frequency) : @i (&40
B E 1213 OMMOSE BB OB ED
JEEL,

Heart rate : [L:H%t
1 3% 72 9 O LEAEREL ORI E A,

Hertz (Hz) : ~/LVY
S () ZROTHAL
SBThB,

1~ 13170

19

1 kHz=1000 Hz, 1 MHz = 1000 kHz, 1 GHz = 1000
MHz.

B

4t

Induction :
SNEL (BREE) ORFRIZE LT 2B E T IR O
I &L - CEBEMESEFICA U 2B TR

Instantaneous : B#HRFD

FEF IR (BBEYIZIX100~ 1 7 =B E 7
IEEALAT) CRIE £ 72135 H Il S 2 i aud7e H 722
WE DL A FERT B 1D B AT A,

Let-go current : BERLEGT
FREEZ OFHANAENE & T, #Bo/ci@EFR DKL
FNOEETZ ENTE R 2D ER L~V ORRME,

Magnetic field : &5

R7 MVvE H, ZHIUTZERFOH 6D RICBT
LDWREHET D, ToXT /A — ML TEbEND
(Am™),  TREREE SR,

Magnetic field strength () : B 58 EE (H)
MR T MLORES, To_XT /A= ML TRD
S5 (A/m),

Magnetic flux density (B) : WA % FE (B)

EEFOBE—F 1 3EHOER (Fin) ([CKIETH
EWRETDHY b, TAT(MDTRbLEND, 1H
U A (FEHEEOHALD) 1310% T A TIZE LV,

Magnetophosphenes : f#5 P95t
PHEERAMEEA RIS 2 Lic ko TRl EED
ENDHOWEE DRI,

Mean : YH){E
—HEOBEME F 7= 137 — & OB,

Median threshold : BE > HGLfiE

BRI DOFEFHFARI AT TN T EBRE D50% 1L 2 D
RV RELBELRD, MD50%IFZDEEV/INE
el & R X D 7o B,
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Medical exposure : FEEIL< 7

EZIIBW £ T IAGR SN IBRIREZ T Q0 h B
HL LT, FBREFEREOR T T T LT, @
ADZT DARJER O BRI L OWR O1E< 8,

Mutagen : ZE5RZ5 BLJR
ERERBE TN TELME,

Mutation : Z9R7Z8 B
BEWEIZKIT 5B TR CERMEE b 2% b, 7o
72 LB AR ZIZ LD DT,

Nerve : ff%
RO,

Nerve fiber : fRRHE
— RO,

Neuron : == —1 > (FEEHING)
BHEIE—AROEER, MR, BREE LR —D
DHIFEEALT,

Non-ionizing radiation (NIR) : FEEEHE G

e CERE (A1) ISR T+
IRTERNFR—Z R0, BEANRY T LPORET
DGR & BREF, £ ORHEIL, 12eVELFOXFT
FNAX—=THY, i, EEA1000m b, £/
JEWH3 < 10° HzLA T LSl Cdo 5.

Non - uniform field : FE—FR72 57

BEXNG T D H IR EIZITH RO —E 53 OHFEFEN
T, IRIE, HFm. RS —E TRV, EROS
B HEOFEIC L > THEE S TOR VBT OF
Fuc LT, ZoERZ#ENT 2,

Occupational exposure : FkZERIIE < &
EHO, F7203H0 Y TONTRBEERITORE L L
T, AADRERT 52 TOEMFIE< 8,

Peripheral nerve : A5 %
HRAEEROIMZ D O | 2 AHT DR,

20

Permeability : BREEHE

WS & OB ERE IR D AN T — & E 13T
VYR, T GEEEE TIEAS T —, BIGEEE
T~ R 7 ATHD, FIFEE : B, WEE
T VBB OB & B2E R OB (EREED po T
Elot-bOaWHERE (W) EMES, HAL: ~2 V) —
/A — hJW(H/m),

Permittivity : #EE
HWEREORS S E IR BEN IR TEE DR
BERETLER, 777 v R/A—bMLTERDEN
2 (F/m), HeFERIT, WEELITEEOFERLEZE

hOFEETH T b O THD,

Phase duration (z,) : (7 AHFIFR

EHEE v OETERE n i & 2277 2 R E RO
OWERE, BEBE f OEREOEE . = 1/2). TEEEE
B OGS, (TEEOY—7 Ghb Y — 7 ED
037 (e WTIHEST 5 A F TAHEIE L= L IR S h

o

Phosphene :

SELS ORI L - THE Z 2R R OREHE, BRI
JEVLFEIRIC & o T S, BRPIEITREKRIIZTEF
b,

Plasma membrane : A5
Bk L O ML OMINE 2 S IRE —EE,

o) 4yH
HRRAE MK S L7 B 7,

Polarization (cellular) :

Power frequency : 7% Fi Bl %%

RIRERNFEE SN D IR, ERFEIBNT,
K, 770 BERO—ETIZ60 Hz, HHRDZD
flhodZe < HETIZS0 Hz Th %,

Protein : 72 A0E<E
MR LR b O FREDEZREHDAE
A I N—TF DO E D,

o

Public exposure : ARIE< §&
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INRDRRE DR 5 2 COEMFIE 7, Bt
KEBEBIUOERLBTOIZ BTG ENR,

Radiofrequency (RF) : HEHRJE %k
3 kHz 75300 GHzO#il 0 B E % & OERET R
X—,

Reduction factor : {EJEEREL

HA RTA VREBRIZBIT D RMENE DX 72
JRIRNZ RIS BAFIED 72 H | BRI ARk 2 % 5
&, KB -RERELUVCET D RN E D
FROFE LTiE, BT —% %t hTOREIT
M5 D 2 & AR TRE & F USRS LicE
BEDOHAZE, E—RIGBKIZK T 2 FdFH T
NS (FERAR) 2ERbLD, A R4 Uit E
OREIZRT DR S X, BFRIEOBR & Ik
ETOHBAEY T IORLVE L CWAHRIETH
HE\VH DN, ICNIRP DRMETH S, Z O
S, ICNIRP |2 X 2 {RBIRE OB E TIEBE I N
TUVeLy,

Reference levels : 2% L~UL

IFRTFRRRZ R A bl CRRES N, AEFR
EEEZTLZLEIISEINDI THA HER, ¥
P BEEROFEDEL LU — 7 i, AR 8
RPN LRI TE 256 ALFEOERS LU
FITTRITHTL2BBLVUTBATH LUy,

Lo T, B5 LU, BARTIRRO BT & Wi
2T H7OIHND Z LR TE HERIE 21X “IUH
H)” 72T A—2Th 5,

Relative permeability : HFEREER

(#ext) FEhe=E (ZOHESM) *EZEPOFERET
Floleb D, R LITENE WS Z Lid, TOWEN
FNIBEFIZ Lo T TH KUk ans 2 & %
B2,

Relative phase : FHxFH

& % IERKBIIETE & [R] U A M T oDt oD Tl
TEINDHBIOWI & DAME, /T EBORKE LD
RrFAZE,

21

Relative risk (RR) : fHxt U 2 2

A G 7 NV — T DIREROH 7 )V — T DI E
RITxT DR, LEITS UT, Finle £ OSREERT
DFEEAT O, MRBEEOEE, ER L MY 27
T4y X ERITTH S,

Root mean square (rms) : FEZNME

Rl 2 28 & 3 2B F(o @ " RIEDRN ) D1,
FTORESNRENCOT B OF TR, 3B
¥ETRL, RIEONEZ ZREOTEHEL KD, €
DFIEDFHREED Z & TEMND,

L f2py o2ge
t,—t; by

(AD)

F;“ms

S.I : [EBREALR

International system of units®OI&7E

Spatial Peak : ZEff{ &"— 7 {&
MNEDO/NS IR E 72T mfIC ol o TEH S
T2 K5 TE DB DR KRB % 7k 9~ 2 158,

Spark discharge : KFEHE

FEATRIC BT 2 0 L1382 Y | ZEROMRE
5 EHROBE), ZXZEHEYS 57 0I5y asEE
BRETH D,

Static field : F#AY72 5

Brf & & BB L W, 1ZE A EDBREEF T,
B L OWESUIRERE & & BB b T 203, EEEA
Y T A0 HZ R E END, 2D XS RR D
TYEERIY ) RRAT IR, W o 7 VISR IR EN(E B % T
THLICEVHEETE D,

Tesla(T): 7 A7
BB OERREAN, 1 7 AT =10000 H 72 (Z
DIERR)

Threshold : BEIfE
B & BSOS OFE S % R H IR D L)L,

Ventricular fibrillation : {2l
DEDRIEART, /NA P CRAEE & I - 72 IHE % %
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L ARG ORI AL S 258, FRICAI 5ol S /e
WEE T RAS U — R EREEFSUCESE) T,
Voxel : R 7 &b Z O FFEIIAERBEE T 0 & 2 TOM (F7IXRE
SWITOFHEER, RAK 4 — R GRED:FCIC ) 28T,
) TiX, R¥ 2 MYETLOEE LA EOM
BERBTLH-DITHNLND, Workers : 1E¥#&
RIS 881 B0,
Waveform :

ARETE
1 :JF3X p.825 BADEWE. BLV p.829 K(6)DEEWED 2 Iz DA, MEERICET 55k

ND, WEERIZ, AAA K74 ONFICEBEIRED 208, FoUCEEICR L,

2 :p.829 K(O)D [ py 1. KON AIE, T r; OFRFLET D & B 22, FEUIEEICR
L7,

3 fHEE (%) OFEOBMKOFIAT, JFXO EL X EL() \ZETIEL TR L,

4 FREMEICIE. ASCPICEA S TR W ARES W DM EEN TV D, FSUTEFEITHR
L7,

22
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13-4 W02 7 - ~>—k (No. 322)

G ' World Health
Y . :
72 Organization

WHO 275 Fo— b 322
2007 &£ 6 A

BHR L AREE

BERKEBHA~NDEE

BROFAE A HEAFICRPERNED E 72> TWET, BRI/ TODLRHIL T, ERE
FOBR S OMITICER E R OE TN Z 0 97, 1970 FRE L DBEE T, 20 k9
IRBIKER (ELF) OBRE L OWRA~DIE BAEREICEWVAEREZ A U208 &\ 9 Bl
BREINTWET, ZHUES E TORICZ OWFENRZET L, BR & < EEARREZ MR
L. S%OMROBIEZK VAL THET,

1996 4, HARLRIEAEEI (WHO) 11X, BRI % M3 2 8 ICBEE 3 2R Y X 7 o mREtE %
FETH-D, EREBR Y22 Vasib BT E Lz, WHO DX A7 7 )L—FI3fkiE,
ELF BROBEZEBIZIOWNWTOL Ea—0fEHRaH LE L7 (WHO 2007),

D77 I h—ME EDXZRAT TN —TDOHAIZESS bOTHY, £7-, WHO D%
TRAL SN EHEE DS AMFFEHEES (JARC) 78 2002 4EIC. % L CHEBIEEBBE KA RI#EZEE S
(ICNIRP) 73 2003 4EiZ, TNENAFK LT ELF BEAAR OMELBICET I HRID L ¥ a—%
BHOLDIZLET,

ELF EADERERLEBEREILICE

BB LORSE, BB L0 —7 0 EEORSRE L OERR M L BRI TV
LANMCATRID £4, BRIZ, EMALAEL, AV MEA— RV (Vim) &) BALTHIE
SH, AMRLE&BO LD e — I EM Tl S E ¥, BRI, BRoES (FRbbER)
CEVAL, 7AF (T) EWIHBMATRDbINETH, KVHFEIIVTAT (mT) Fic
F~A27v7 27 (WT) CRbINEY, —HOETIE, VR (G) &MHIND R DHALA
—RIZHWHET (10,000G6=1T), BFUTIFL A EDO—MRAIRFM TERIND Z L2 <,
BHCHEBLET, EROGMAGHEROES PR bM<, HREE LITEEL £,

FE A EDENL, 50 £721F 60 VA 7Ry, ElidovY (Hz) ORI TENEL T E
T HOABEOBRIMMOEL T, BT E~A 70T ATREICRY 3, BEIHOET
T, BFITK 20 uT, BRIIET RN MEA— bz £9, LavL, BEENOEHH2RFE
FBERRIT S - SRS BN TIZRN 007~ 7 a7 A7 kTN 0L~ 7 BT AT T
T, ETENOBEROEEHEITRKTHEA ANV MEA— R TT,
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BRY T I—T DT

2005 4£ 10 A, WHO %, > 0 75 100,000 ~/L/ (100 3 1 ~JL>) F ToJE B O ELF
DERBLOWRA~DIEFEIC L VAL MR VMER Y A7 3 liT 5720, BFEE
HDE AT T N—T 244 L E L7, IARC 73 2002 4E12 78 AT BT 2 & A L7-Daxt L.
ZDHAT T N—T1IE% L ORFEIZHET 25 A L E 2 — L, NAICET DL KD
bOWLELE, ZOX A7 TA—T7 OB XA 1L, WHO OBREERES 74707
(EHC) &=/ 777 (WHO02007) (ZAFRSNTHET,

B AT T —T IR R ) A 7 FEl 7 1 & R THE, — RO N & 3 CHEET A L
JL® ELF BARIUCE U CAREA @RI RV S/ LE L, Lo T, BUFTIE, E
L C ELF A ~DIX L BOEE LTV BN ET,

RN E

FL~UL (100 A4 7 a7 A7 %+ ERIDH0) ORMIZSEBICL > TlRE 5 2 &0 ER

NTWDEMZEREERS Y £3, 2T L ALNTAEYHBLEN /e A = XA L > THL
I TWET, SMEO ELF BT H AENICERB LOEREZFHE L 70, ZOMENIER
(2B & AR IS O N ORI S X OV AR AR SR O i O BLEME O B b A5 &l Z LET,

REYIMZE DO TIREM

ELF SHE< BIC X 2 EMI e U R 7 TR AR 0% <X, /NEAmIEICESE Y T
TEFE L7, 20024, IARCIZELFRBERZ T MR L THEPAMNH D0 bENRN ] &
HLTE /) T T72R/KLE LI, ZOHHIL B MIBIT DRDBAMEORERZRFEIH D |
MO EBREND BT DFRBAMEDFTEHLA+ 75 ClEe WK+ ThH Z L 2EBWR L £T (ELF R
PSAOFNZ T — b —REERKDRH Y £3), 2O XD ITHBRINIRAL, EHEO 7 —
NHTT, 03~04 ~A 7 a7 AT % B2 5 EE OB A BREERE R~ 0 KR 1E < #8112 B
L CNEBEMBAEE T EWN) —B LAY = RSN T, A7 7 —713,
ZNUBEIZBME NI L > CZOENERIND Z LTV EREmLE LT,

LorL7e 6, EFEAIREIUE, BN A 7 2O R[EM e & FiE EOREIZ X > THN L DIZ72
DET, M2T, AR LIV DIEL BRNAREICE G T2 Z L 2RIET 5 K5 A EYhEIEN
AD=ZALELTESERDOONTEHOEIHY AL, BT AIZ, bLIOK I RIKL~LD
BRA~DIZL B L > T NDOEENRH D LTI, ZHUTED E ZARMOAEYFHIA T
=AM EDHLOTRITIERY /A, AT, BMIFRITELE L TRER L EOERETR
LTWET, Leh-2T, ZhHRTEZETIUL, /N A MR BT 5 AR R R &
RAEDZERNLOTED Y XA,

NRAMIF I 0 72 BB TH Y . SR T ERICH 7SR AET DIEFIENET, 2000 FiX
49,000 A EHEESNTWET, FENTOREMIUISEN 03 v A /T AT7% kRS Z &
FHTHY, ZTOX I RBREICEDROIT, THO 1%~4%ThHhs L#HESNLTHET, b LK
SE /N AR & OBIEAREBMR CTH D720 H1F, BT BEXEE TH 500 S Fniv 72 ER]
ik, 2000 FFOFAEIZFEADWNT, AR THERM 100~2400 A OFEH & H#HEE S vET, Ziaud,
FAEDIEERD 0.2~4.95%ITHHY LET, LA -> T, RIC ELF BERDSFEERIC/NE B s o
VA7 Z@EbdeELTH, 2ERNICE 2R, ELF BRE S EAARMAEICKIT T AT
[REMTHY EL X9,
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ELF BFUE< 8 & OBE O FREMEIZ DWW T, ZROBFE~O A EREZEBHIEI N TWET,
FHIFR LSO/ Ao BRAND DS Aoy 5 o9, B, DIRME REER, AR E, $EHR
WL IEAEHG, MRRATEN R, MRAMERE e YT, WHO DX A7 I A—T I,
TN ORFERESTIIOWT, ELF T & & OBENE 2 R4 2 B 2A0FELE /R A i
I T AR E D IXD MW ERERR L E Lz, W o ZZEF i, (372 BOgin &
FEBOLNAICET D) FHL D, ELFRITZN O OREBESIER IRV LRI
TWET,

E3[PS: DR AN == I ] S R

HHR e m L O BICRE T DB AL SN TR Y . 2 2 DDEEERI 1T <
BHIRT A RZ7 A4 o ORMEE 7 LT ET (ICNIRP 1998 ; IEEE 2002), BiFFSTIE, ZhHo
FFk L, ELF BREA SO R RME L~ L 01X < §BIC X 2 @Re 2o nEerEIC B9~ 5 BHEAIRE
T, 2S5 DIEL BHIMEZS| & FTF 5 Z L2 ESLTHITIFR S THDH E R LTHE
T

WHO OAHA4 F R

& LIV DB A~OFHIRNE BT HOW TR, BRSO FERZEN RIS S TV
%9 (ICNIRP2003), BURREHIL, HBHE L L OaRE ZnbOREN OIS 572 0DIE
FRENVTWDEBRRIESBEIA RTA 2T & T, BRA#T 07T ATIE,
< BEOHIRIE 2 @95 Z LN TSN DB AER PO DX BEOREZEZDHETT,

RHIRZEICE L T, ELF #A~OIX< & L/NE A MG & OBEDRHLOY S 275 2 i,
T <RI K DR EOMISIT AR TY, 29 LIcRILeZE LT, DITA#RLET,

o BURFEB LUGEFERIL, ELF L BB EICEAT 2R FARHLO R S & — 8
DI THIDIT, BFoBRmEEHE L, 7w 7T AE2ET 2 2 EREENET,
ELF U A 73l 7' = A 28T, RO REH B EE SAVE Lic, T 0387222458
TV X ORI TWET,

o MAAENL, FHRE G2 ETOBRREZTREL 5720, £ TORERRE & OMR
BTN ala=r—vay - 7ul I LB BETHIIENEHINET, 2071
77 MITIE, ELF R 2 3 2l O R B OBFRIC I T D EERES . HITT BIRIR, TR
OROFHE L HFELzUET DL bEENET,

o MR AR T D, R E (BRimE ) ZRGHTOBICIE, KA
FCIEKBRERT 2 HEZRETL20H LN TL & 9, WYZRIE < BREXRITE L
CERRDTLE I, £ THH-TH, BERITRCE < BHIFRIE 2 5 3 5 BORI3ER
SNEEA,

HHEH
WHO - World Health Organization. Extremely low frequency fields. Environmental Health Criteria, \ol. 238.

Geneva, World Health Organization, 2007. (WHO BR{RIEY Z 47 VT « &/ 75 755 238 & [HBIKE
WA ))
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IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Non-ionizing radiation, Part 1: Static
and extremely lowfrequency (ELF) electric and magnetic fields. Lyon, IARC, 2002 (Monographs on the
Evaluation of Carcinogenic Risks to Humans, 80).  ([EIFE2S AUBFZEHEEE - & MTKT 2523 A U 2 7 OFHE

B 58/ 77 75 80% [BEEREHGR. 5 1 §AYE L OB IRER OER B L ORER )

ICNIRP - International Commission on Non-lonizing Radiation Protection. Exposure to static and low frequency
electromagnetic fields, biological effects and health consequences (0-100 kHz). Bernhardt JH et al., eds.
Oberschleissheim, International Commission on Non-ionizing Radiation Protection, 2003 (ICNIRP 13/2003).

(EBRFEBHE AR ER B S TR L OMEEREOEBRE KO, AWFEie, @REE 02
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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
Low Frequency (ELF) to electronic equipment and humans
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
(8C 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
SCcoil 3

SCcoil I’ SC coil 2' SC coil 4

A 1
T 'l\}’

car car car
I | |
Ul L1t lllllllllu ALY CET R T .LJ CETEIYT)
== g %-ﬂ v %-,[l LN
} 21.6 ey 216 r 26 .
bogie bogie bogie bogie
Fig. 1 Vehicles used for the Yamanashi Test Line
(unit : m)

L]
w0
®
3
JAY ] AN "
i ; i Y
SC coil 1 SC coil 2 SC coil 3 SC coil 4
(1070 )28 1070 N280/ 1070 89 1070
350 wl J
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 1
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 T00kA Range 0.05 m Gauss - 5.75 Gauss

Sensor tri-axial fluxgate type

center of vehicle

SCM [T
A point hl_l r ri
~ L SR T T 17
T 3 T 1" -
\' 7

1 i
! 1
! 1
=3 | |
- ! -
-3 2 | ]
(=3 4 .
3500 i
B point| |
O | i
ground level i *
i N |

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 0,®,®,® 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 @. 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

G@d

TEST CENTER CHUO-EXP. WAY

STARTING POINT |
0km000m

ENDING POINT
42km800m

- TUNNEL SECTION
Mt. FUJI

Fig.4 Yamanashi Test Line and its measurement positions
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. 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 viaduects (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.

2
z
&
2
]
-3
sec
(b) Wave form with the static bias subtracted
3
Bx
” wows e o By
g Bz
|4
-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.
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Table 3 Measurement results of environmental
magnetic field in Yamanashi Test Line
[ 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
(D |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 1.41 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) =XF=1 {Bcixcos(2z X (v/21.6) Xix¢)

+BsixXsin(27 X (v/21.6) Xixt))}

where 1 is degree of Fourier mode; v is speed of vehicle;
t is time (sec); Bc; 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 T T T U W T O Y Y

116

0.1F

position O

=

Gauss

0.001}

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

5. Conclusion

We performed 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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