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I REIE M E R — B b D Th o7,
BETHE, Zheny—4i, BAEOBEREBX
U ERRRYS, MEOBRECESCERTS XS
REENSWHR~OFEEREZ DL NWS L AREL
TUiely,

FFEIEES  BEEOERRB X UBROIZ B
N DR EERICEET D &0 SRR AR
ENTD, RA—% 2V IEB L UEBMEREECRS
L CBFRE S 72, ZAboERL BEEIE #
DEFEDIEIL R, TAY S v — Rk X U
MR (ALS) WL T X 0 £ OESL
FENTND, W ohDRFRE, EXEECHREC
HEET A AL ALS DU R EREBHDMLERZD
Z & ERELTWA (Kheifets il 2009), ZhFETD
LA, ZOMEAHATIEDFNA h= A LT
SEENTWENS, o2y EREESMN 2 v
R EREEOCBECEGT AZBETIRETHS
mHLENEY, EHEEAE. LVEEEShEELE
FEMEHE, FIZE BE-EKB~ I 7aRlEH
Wi RIZ B, VA EREBEEL TR
(Kheifets ffL 2009), 7AYo =—WHICEIL T,
FEREIT BN, B T ADBEN FTERED
REBREFEBHA— AOPRIZE O TR b EOEER
Behfs, AOS—2A0OFRICEThH, 2TEE
WT TR, W ONDFETY 27 LRENBERE
ENTNAD, FRAOY T ZA—TFHFCL R, IO
Fe BN LN IHISSEEH R TID
(Kheifets fit 2009), FIFRe/eERRF—A 3
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(Garcia fh 2008) 7%, ZHUCIZHAFTRERE ORI

EHMAEHETORMER S -7, MA T, HR
SA T AGIEL B L ohdh D, MOBEME B
BEFERZERE ORIEIZ— M OIIT b T iy, ZhE
TO & ZAE—DR A TRZEERERAIL. EHR
{BEHROTAY S =—FDR A7 FRETRLTD
B, ZIUFFER A R OWEFBICE SV b O THh B
(Huss fh 2009),

EBEEIEC B L TAY T 75 & ORI A
T —BER 0, BETH L. BEREGELT
N ond = —iRB IO ALS & OEREOIFHIZHATE R
TiEAeuy,

DEMERESR | EH0RX ORI BoER
gz L. BREHE Y s v 7 iTAAREE T —
Fehin, FnAOBERECERB I UBRICHE
T 5 OROLER~DEFREEN, —REEE T
HHRCREMICEBRT DI EL ATl &z &h
BEEEMEIT AN EAVTRIE SN TA  (WHO 2007a),
TR CILORILER BT Dfke BELPHEENT
WAB, FNEOEEORBINERLOTHEY, —
2O FERE L CEEOFRRB BV TR R — B
A7edaofz (McNamee ffl 2009), OlBOLEREBRD
BREEBIUREEQHAORED, E<BELOBHHE
AR L TR (Kheifets 1 2007), 1 E<E L OO
BEHEOEM & ORROZEESFETIRE 55
IFHER OB E 2y, RBET S & ThE TR,
BEEEILL B & DB E RRR & OBEATREEL T
220,

STEE L USE  SHROICAT, EFHREe bo
EFE~DEBRFE L BEE I RENEREELE
EOBESRL Ty, BEOBRIIBICEEL
FREOY A7 ERICOWTIREMZIHLAN A b
HDHLDD, FOHEENEAEISMOMAETIZRS
NipipofeZ bk, B, €0 X5 BB T
OFELIEE Ly,

W O OIFFLEOTEIZBOT, 150 kV m £ Th
EEKOBR~DIE L EOREREIITHLITERY .,
FOFTIERE RERERY A A2 FA i ttich
EAHESBOMAL LI, BREIBE~DEZZE
idie LA B LTRLTVS (ICNIRP 20033,

WHO 20074),

WL OEERORBER~DE< BEiL, 20 mT £ T
A, RERABOHFRESLHIEE 22 B 04
Fid 4 122y 7o (Juutilainen 2003, 2005; WHO 2007a),
BETL L BEEOERABLIVER L BEE LU
FE~OEE L OEEOIHNIIEREITTHEY,

HYA 1980 FEAE 1990 EMCRITITh e
b DEOEFHEL, 198 FEDIEBEHA KT D
il pRE % £k FRIA K& 2 50—60 Hz B R~DEH]
ENE< BN A LBEET I LN EATIEL
7o, WHEAOIFRIE, BER &RBA L OREEIZEFER L
TWiehl, EOBROHBIIRADHALHEE Lz, £
e LT, SicEESNE. 5060 Hz BER L«
DAL DL, TOFRBEEIDDEDCTY
AV ENTRRICE W CER shizhote, Lializ
B, DNEALBCEL TIHRLARRD, SO
RN TIThN AL, 50—60 Hz OE(EHRER
ROBNFOE BRS LARBILFEY 27125503
B BB PLENROI L ETE L, FANER
RS ANI TR TH D EORBRILER AT TR
HHRBREOTRB L MBACELS bETHHAEND
FEEME S H D (WHO 2007a), 2 20 7/ — A4 4f
{Ahlbom ff. 2000; Greenland . 2000) }£,0.3—0.4 OT
HBE D FHECBICOWTIER|) 22 BbhHhta
NIRRT L EREE LI, —F 2 DGITOEE BT,
& OFERSER &/ NE AR & DEEBRERT &
R CERVEMIEE LR,

BIEHIE 25 2 LT, £MPERE A =R KIA
BEESNTEGT, i, 8E JUSERREOE
BafERIL, 50—60 Hz BRI < A/ NRBILEDRE
ThdEDEZEXFL TN,

EET22, BbL—ReOLHEo N RANETH
B, Y o EERMEE M ) BT T AR
EFRNWZ EThD, ELA CORRIERET T
T 5060 Hz BER O BILIR E 7213 Y o SR~
RN L AHE LT3 (ICNIRP 20032, WHO 2007a),
BwETORBEERANEGH 50, ELROH
A B A, HEEBIUEBERAREH LD HHE
EHOBAILBOT—B L@maE s LT,

7w bO{EFEMETER S A~ 50—60 Hz BER O
B3, +HREORFRETCHEALNA TS (ICNIRP
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2003a; WHO 2007a), —BHORWREENB LM,
Fhit, HECERAESSOER L ERR S o hal
EOBEEN 5D W ITEGHREEM AR, 1k
EE IR TR RS EALRE T Y o8
FEDE T N~ 50— 60 Hz BFER T ORI T 5
FADFFRITBFEN T o7, FHIPARE. (L3
ETHESYEERARBIUVHERIC W TOME
M EAERTEMERERHE L,

il LT, EEREORFIL EOMa~DREC
B 2R, 50 mT U TFicBWn T BESEOFE %L
TL Tz (Crumpton & Collins 2004; WHO 20074a),
BiET AL, ANBEME & FEAEEOBR~DER
< B E ORREOE NI (BT, A OB
WERT— & BIKHAEEEREN BN T—
2L, FEEEMICTENTH D, MEROF—2
1T, SRR LOO, SE L L CERE
EEHLTWAS,

SEEZRENHERRKAC F 51 Dl

ICNIRP {3, ZDiEg#HcinT, A U@t
MR E I L, FiA MY OREDERYE
Bz Ah?,

SERE R EMF ~0E BOEERICEL
BRI RS ST b DRSS D, FAUT.
MR X URFARRB D BRI, 72 B ONCHEIERD RS
DEETHD, Eie. FENZRZEATESHDL LD
i R - EE) b WSO X O e A E
Rk 0 —BMoRELZHLREETHD, Z0b
ETOFENIEESFEL, BEMT IS
Ehnien, BRHEERICET 2 ED2ERIELY
Wi d Z LIl > TREBIIEBRFETH D,

BHEROE BRIRICET 254 F7 1 (ICNIRP
2009) (ZRSEL THEIAHEEIC Linhio T, BEN
BT, BERSE LIS TN RS, (EEE
DHEER RSB N U b A B Mg E & A RS
D AWML RED X 5 e—BoEEsy, Aok
THEMICEET L I LB Rl L Tho
ICNIRPIZZ 2.5, 729428, 20X 5 FENEH
T REATBRERS S RROICE LS LIZEbh
OB THD, ZOLIRBENRETCOIEDD
B BE~OE B, FEB L URREEROF

FEFRESR A BB 27 D THI R 24D, ICNIRPIE,
FHAETRR O EBIE LW AR E O I3 N & T
LIZBELTWS (HR#R) , mERROMRRRE
Eh. 1 -3kHzE BT, BEAETARRE LT
JEEFEH P IEFICEL AT ENERET, #7410 Hz
BT Citd o< 0 & LizBl @il ~0lEns mE T,
FhENBEES LR35,

FUERTRER S A EET S, ISR & S AT
OhAHETOFEPIREINDZ LD, HERN
BEIT20 Hef T 2B W TRAN T Fh L D B0 B
BIECEAEHLCITIERIC ERAT A, ZhixiEs
L ORI R E & 2T A A B VTR RS
R AT AEIREAEA AN D, IREEZHT
BHY. BOOEH BRRCESHT. E<BRRE
T FRAR RIS N L HEEELZR L
T, —BHE TSP IEEL IR T HETEN FTa S
HOHFEEBT Do, EREIRISEER EREC
BREEND, ABCOVTIL, R EEICERG
# 5 BERAIND,

EEEOER~OZ< BT, XEEWERICLS,
FHZA BN EN TV A EHFEHEEE ISR IT,
FOXIRIFL B L THBRBICHFEINIER
EWIC X AEAER OB LT, BE LS ERTHR
5,

MRS EF SRR OB A BT AT,
4 ORFERB LOEMFEESIC L » CHEMICERE
ENT& T, WHO @3 AR T 5 TARC (EE
PR AUEFSRIERE) 1X, 2002 I EEE ORBR O E 4T
W, AFAY—2B (Tt b+ a8BAMERED
b LV EFRBAEND T I —)icmE Lk,
Z OSE ORI/ N RB IR T AR R OEE
T b,

ICNIRP @ RAF RSB DRER~DEHIZ< B
RBAOY 27 LA LERMICEET DI LT
TOEFORZIINT., X< BEVA FT4 - OfEH
ETDITITHERICHE O, LI Z L TH D, &0 bit,
LR AREREN TP oBE . I BEERLT
bR~ ORI b AT,

FoA Y BEAIZBERTF AT, -
TRHFEOEERLFOLIREL., e R E0RA
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BT AHUEROEE (CEM2AREEL — T
AERALTE Y, BRELT 2ERBL ORI
LHREERT. Bl —HEREeTAE BV TEHE

Efvie, IEE. EEZENBIUVERENICEERTY
—EF /b (Xi & Stuchly 1994; Dimbylow 2003, 2006;
Bahr i 2007) iC&-3<, X0 EEFIGRGHEDHEE,
BEABIUVHR~DEHK B > THERNICELSE
Fio 20T, AR ELNAEESELND XS
TEaote,

AmmPl T OREZ A A Dk T SR EE OF
HERFHENL, AHA P74 - DEHKE>THED
FHZEFUA R oEESELN7Z (Dimbylow 20053,
Bahr {fi 2007, Hirata i 2009; Nagaoka fti 2004) , 4t
EREMASI— T, AN T (BEROEE)
I EE BROCHE) O, FERICEERELD
BERIERICRD, HECINE, 50HBERIC L D
HBCHE SN LIERORFTHN Y -2 EORRET.
AEBERImMTY = 0B X %23-33mVm ¢ BERDE
L BEET RET S, WA TR
BRI T A ERAESIT Y, Lo T, FiE
HERENHDEES, T—R b —AOEFGEE L
LGB, SOHZE R L BB IR E SN ER
i, AMERER mTS7 0 B8 L220—60 mVm' Th B,
50 HzEE R L 0 i s s h 2 ER OFETY
Y— 7 BEORRERE, AHERIKVm' S0 B8 L7
1L7-26 mVm' TH O EEIEBN T ATERLLY
m'¥E 0 BLFI2-33mVm!Th 3,

BELSAOEHIIBITDEE T A —F ORED
IR HAEERR A R IR ATRREN S ZEE L
. ICNIRPH:, EFFIENEEE L~V EHET DR
iz, ZREACRELSFEERHO T A,

EMF [E< BHIRICEAT L2040 L3514 >

BEEAIE< B L AR BICH LT« Ofs# 5
2D, BFAL FT7A 0BT 5BEMNIE BT,
R, FlREn ST R EEEEERTOME L
LT, —EC B E O &HE T T, BRciT 1 He
A 10 MHz ORE BT 5 ER B LUORER~TE
EhBmANCEREND, BRI, ARLEWIFHE
i, ETOERO, e RBFEREOEENCER
N5, ZHDLHRBEACEHTIIE, DESZHEO SR

M REL D LEZLND, B DHE, BRON
7= hiE. B4 EMF ~OE< BIE TRy,
BEMCTIESNLEER T 20D 0ELY
HL BRIESARICH LTHEAShZDE, 20k
REBEVBIE 2o TND,

BEIZE T HTHENE DXL

ETORPET — & L2 OFRITH DEED TR
EbRhER, TRHS ORI, BRFHRMIE
W, BARM., BWiEM. FREOZESRHD, HRIC
BIDEOLS 2AENSITEEFELRAVWD Z LI
LoTHEEND,

LasLest, FHr s ERRO2TIETS
HRPBRariaicd, £ TOEEEER L2 TOER
NG = b Te» TERRR A RET D7 DREE T
DRI E L BNRY, LiedoT, BHET—&#—
A DR ERFERORECBNT, EYOBREETO
FGEE BIEA &5 038 TEMEH W ORRE T
HB,

EFRFRESELAL

Besr &N - R L BRI EEM T b iR
£ (12FH38EE CESOIEORIREL 4
BIFE L EES, EHA KT A 0B TEMFEL B
FEIEOHBCAC2HEEIFENEREE £ T
HH, THIEHEHBHEITCE OMOESRE R
U EAT2ERTHD DL THD,

FERNERMELRTEAESECHS, £2C. EH
FZp il B O, H<BEDEZ L NBEZE
b, REOHEELVTHERL IO/ Fi5tE%
AW TRET A EFFIRPLEXHEINSH, 12
NOEHE L-ULVIIEMPIE BOME (BER) B IUWM
ENTERRFEBIOGHT A L0 THD, HAHEH
TWEEL, EREE (F)  MRTE () | MRS
E (B) .\ BLUONKER (p Thd, HENEE
OYHEBIIEER I Ths, FOX5REE
PWIIZIBNT d . DTN E ORI ER £ 7153
BEEFEYARSZ L L HETH D LR THD,
BE L EETEE, BEET A ERHIBARE T
ERFEEND, b LAEEERIIHEE N SE L~
NMEBETALLTH, 20O L30T LH ERER
FHEETA LT blEy, LnLkdes, EL

Bg 15-3-8



SN RN D RIS BET O AR R A
THEPNERIE L. BNENER S LENT A RE
THILBBETHD,

ELARHI R

ALEFITOEREMIL, BRE~DEELRFEL

T HmHOEMRE BRIEODOHA FF74
FHIETHIZETChD, EoXsic, VAV TR
ZO—BHOERENBE LD, LSRN EESR
(PNS) BIUHEHERESR (CNS) ofilE. #HEERNY
WEOFEH, MEE0 LD NE~OFEO TS LS
Ehb,

bt oEERE, EENCGRAOFEB L EET L
®i7. 10 Hz—25Hz?> B @ FI 2 38 0 BT
< BT IS OCNSHERE (T2 b, B & #BIE) (250 mV
m' PLTFOERBEAFETS L BERBLURA
IZHIE &b, ZhBORIBREIZ L v, JHiEssicx L
TEZHTEMCH L —BEOREIIETHETHIX
TCHhHbH, THEOFETEE~DFHEREEL TR
RERTWRY, L LEHE, —EORENEREC
BOTEESHET 200 HNR VO TEBET S D
L EICNIRPHEERG T 245, iBE2EE T EH
ENzy, TR X DBV AR L URGE R T,
AR REL SN LA L. FHE JUP RO FH
R RO REE L 400 Hz CET 5, 400 HzE D@0
B E T, RIS TEE IR Ok B E S AR O T oE
fECEA XD,

FEEINCRECOIIEL EEHIEOL 2
L BICLVEZ S A[EEOH S —IBIEOREZ S
THBAEZ BN TNADT, FHEEIUTREOEH
TR A BB 5 7= (2, B8RS L UMEER 2800 mV
m' PTFOERBELFES S L) RERBLURR
WHIEEN D, Zhid, EROFENEESZET SR
Hic, FEEES Vo LT S A EAE L
b D ThbH, 3kHzE LTI ZoflREIE ERET 5,

ARICOWTIE, BRRE 5 &M L, |5 OCNS
B L. 10 Hz—25Hz D EEEEERE T10 mV m™ @
EEREIER S BNA, ZhXEVEREHRBI U
WEEHCERFIRIE LRI, 1000 Hail B80T,
I X O AR B R R R A B3l 5 B AR (e &
RETH, TZCHEESRS 10 ##E L, 400mVm’

OEEFBESELND, I ORI BEIXAFEO2TO
Bz odRRRCEA AN D,
EFEEAF2BIUE L IZTT,

i DR

ICNIRPHE, 1@JEksy. EclddpFiIcERMOE—7
AFOLDAEED, EREVIBRICIVFEIND
HERERIC ST DHIRER. BRI TS sz BEks
EE a2 L&Y D (FRIERBAYI BT
DELBROI L),

BEEROEETY

HRUER ORAELFEL LS DO R v b
V2 BELTERDLBRE., RAMLREEERAT
B = RO ARG T LB EETH D,
EL e EE L HERE EOSIICEET 2 ER
BT S OERNATEZE L LTICNIRP (1,
T B ET A/ &7 22 X2 mm’ DIEFERE

#z2. BEELTSBRELUER~OCAEOE BT
5 AR

o R i e {ﬁﬁf
BREMIR
FEERDCNSH 1Hz-10Hz 05/f
10 Hz—25Hz 0.05
25 Hz - 400 Hz b5 |l
400 Hz -3 kHz 08
3 kHz - 10 MHz 2.7x10*f
FEEN & (R ER D AR 1Hz -3 kHz 08
3 kHz - 10 MHz 27%x10%f
BRER
FHELDCNSHH 1% 1 Hz- 10Hz 0.1/f
10Hz-25Hz 0.01
25Hz-1000Hz 4 x10*f
1000 Hz -3 kHz 0.4
3 kHz — 10 MHz 1.35x10*f
FEEN & (BB AR 1 Hz -3 kHz 0.4
3kHz-10MHz ~ 1.35%10°f

=

-f LRIES (Hz) .

- ETCEEEDE,

- 100 kHz & ¥\ RIESHEFE T, RFICHEELRSEL <L
FBMMCERTLMUERD S,
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100

=
()

N\

HEHEFEE [V /n]

0.1 N P .

0.01 = T

1000 10000

AiE#E [Hz]

100 100000

- e e i 250 (1 <5 SEGFOCNSHRHAE GEER & (KGR D= 1R

HEMEE,

- o NROELE; FEIROCNSHE - e NEOI<CE; B EFEO2ERE

1. CNSEXUPNS~DEEIFHEDL ZHEASRARECE S ( ARE (B LEENE BT 2 EFHE

(FRE&E : BT, HIZONS, PNSEETR I TVaEE, E2loatinz8# T, #h8h,

BEERCOCNSHES, S LEHOoEHB LR L.

CBITHERDLZ FAEH L LTHEBERARE
THILEEHETS, bARECHFENBETOER
T3 99 N—t 1 F A BT EERRIR & oY)
RETHD,

ERMIT, 22— rBIUFOMOBETEER
ML ~OBEREEIFINEETHLDL Y, 2 OEET
B/ MEITEREEZNERBIUCERN R
AP Y OEROHBEIC L >THRED, =a—2rBX
CERw b7 —7 OB A TFER T 5 2 ENE
FidfiEElcE R s BER AL TEMNETH
D, BHEL-RREAERFAILG - TEWEES
BmROFEE) . ZOBENETIEOHEERLERE
EOEBCIES Linb D Thd, BTSN TIL =
OIREERT 2 235 T mmEEREICHE S D < (Reilly 1998,
Reilly & Diamant 2003) , FEHEMR L. 7070
TOREGHORERERE CHDH 2 mmE - ORESIE
BELRETE S, Zh oD RHETHEE L -rdian
TgEESZ2 L2 CHWBNE, HENXD XS
(R X 0 BV ER COBEOR AT, 28D
HAEERALE Y HRMEHOESNE Ry hT—7

10

REEERCANZ TS RBRY, ZOBEOMIE
i 7 AT & b SR B ONIECELS

XD LDTH D7, HEE L7 t@ e ofiEE E
X0 bz iRy, FEEROESEET. BT
1000 EOMEEER LE S HERERECE S X

SEENTED, TOEEITIEE A EOWRERT
B lmm’ ThD (Jefferys 1994) , Lizdi~T, &8
FEN B EEMLEEREIL, | B Tmm FTO
#E L s AEEY B D, ERORHE, TV

A= b LS ADRRBETCORREEROHBECREY

THECEDIBELEDLEEETCHY, F0L 5
BT ERETHD, HOFEMEED 108 S
EARDEREL., SLHFER S BEADEESS D RET
LEAEARELZTPT, LVEE LEEY— il
BEEEL=OOERFEL, 55 FEETOFEE
FD 99 N—E L EAAfEEE—FEE LTERT

BT ETHD, LhL, E—7EXRSEIETETS
ZEmb, ZNITERZENBS O HITOOBRNE
WThD, ERFHOEOHDROBRKEEL. BETHE
Fh s I E bR e TOEEE L E
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£7T5HZLTHD (Rellys Diamant 2003)
—HRE— b LT, R DR R &
BZTHE LR E ENTWEH, FEESEEN X
2T, EEHEIAETREERE D LETE LA Lo
HEATH D, EEOWBE. FFEO2X2X2 mm’ @
TV IR AR ET S LR CE, FOBSITET
B IERE LT Xy, #EEOSE. T
MR RS ORRBICIERE L Th X,

BELANIL

HELAYUT, AR ENF— 4 & B isEihe
T D ERGIES L EE H SN D (Dimbylow
2005, 2006) , FIEOBEE LAAHIT, IELES
WA MELERBIUVHRLOBGVEERICEDE
b L THEINTHADT, BEXRIEOHEEN S
BILDZ LIl D, BEEEEFEEL FoA b Y OFREE
MEBEBERICIANBNE, ZICERENESE LS
M, ZOoDREOEE bt MABHER
(CNS~DREEHCRET5) LONSEADFED2E
MO 2HHER PNS~OFEICEHET D)
AEEL, IhEOBRAELEIGESTREETHS
(bt 50HzCIX, CNS~OERZ oW THE
EHI PR EA AR < BEICEE T 5REIAH
RBERITE72033Vm' Th D | PNS~DEEZ-NT
IIARRERI TS/ 060 VT ' ThH D, FiA U OR
FE X & RIAA T, Th b OHEMICK LTEM R
EREE 3 BERENE, ) .

EHiC, 25 Hz £ COBEMI<EICHTIERD
BE LT G LA EOERENIREET COEME
Mo X AR BT 2 botShs—Dr g
ACUND, 25Hz— 10 MHZRHIZ 20 Cik, & 1~
HHBEEROLOCERFBCEINTEY, Ltk
TIOEEEH BN TEINELZETOENFTT
DEBAVEFIC L AFR AT A DIctgik~v—
VRS Z BT aRv kb ERh ey,

10 MHz & COARIECBIANTLIERDEZ L
ST E B ENT AP0 %EL Rk LT EERME
BAE (TR LEME) 251t 5, &b, 50Hz £
TORRIZBUENTIERODEE LT, RED
AeBWTHEERYORBEMEASHLT L9
D+l —DrES LTINS,

11

F3BLUA o, BENIIER L UARIIL BiC
HTDHEZLNEFNTIENTS, K2BXU3
. BBLNVERRT S, 3513, AMEO S
HLEFMOEHE T (B9—) PERABIUBRICX
HIEBLEDEEEBENTVD,

NEEFRE & VSR OZERTEY

BELANVT, FESEDAEMCBIIAERER
IIRER OE BN VN T DT EEGDD
FICREENTHWS, LaLESb, £ 05845,

#3. BEELTZERS LUHE~OREN BT
55F Ll (BIEEL. EWE

=R i
REMRE  Cvmb  Hamb  B(D
1 Hz -8 Hz 20 163 x10°/f2 0.2/f*
8§ Hz-25Hz 20 2x10%f  25%107/f
25Hz-300Hz  5x10%/f 8x10? 1x10%
300Hz-3kHz  5x%10°/f 24x10°/f 03/f
3kHz-10MHz 1.7 x10" 80 1x10"
i

- fEEEE (H2) .

- FEEEORFELELUVERDORREOEECET 2
BEidfEA O i 20,

- SFICBRER T OMBHEEON Lo owTE TH#EMR)
DEFSHE,

- 100kHzd ¥ @\ IR EE T, REICHBELSE L~
FEMENCEET L HERDS,

x4 BEELTZ2ERBLTHE~ORBEIFEHT 2
SE L L EEE. EHE

[ A EHRE PR H  BEEE

E (kvm?) (Am™) B (T)
1Hz-8Hz 5 32x104/F2  4x10%/f?
8Hz-25Hz 5 4x10%/ 1 5107/ f
25Hz- 50 Hz 5 1.6x10? 210"
50Hz-400Hz  25x10*/f 16x10? 2x10"
400Hz-3kHz  25x10%/f 64 x10%/f 8107/ f
3kHz-10MHz 83 x10? 21 27x10°

i

- f 3R (He) .

- FETECEZ BELUVEHOFEHOEBICET 2
BERRoE: 28,

- 100kHz £ 9 @\ EESEF T, RFCHFLSE L~
RN EET2MERD S,
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BiR# (Ho)
BWENTLE m—- AROI<E
EHeo BMZEET2HA~OE(BICHT2S2EL <L (£33, 4328
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E
z
LS
8
B ]
B 0.1 p L ——
0.01 T TTTTT —TTTTTI T T T T T T TTTTTIT
1 10 100 1000 10000 100000
BRE (H2)
BEIT<R m—e- NROFTLHE

2 BRMELTZ2ER~OQUEBIHTESEL <L (F3,

ERE R LIRS TORBI NS Wielh, ERER DS
LI R TH D0, FEDNEREFCBET D,
ZOLXSREE. FERLEDDEMOARIZET D

ERBEEIIRAME O KELRETD LT

L, 0B OE ARSI BIEE L A,

GEPLEE LT A— FADERHCH BEFEICE
FrA 2B AR o0 T, i BErli 07 sh DrE—
CIRENRBREZ. B P NUETHEEE
REBRET AL THD BEHER20emEE LD &
EMR SR OREEL DR R DA, s

12

4 &2

D, TOXIRHGEICE. FECR O pERESE
D—EC DT OER D ERET D 2 EBTRT
&% (Stuchly & Dawsoen 2002; Jokela 2007), ZERGFE
BEIZSE L% ERLRVL ST, B
I BIESEL Ui EE-Th I, EFHIR
* ERl- Tk bt oEEPEEAFITEND,
EMFE S EA R ERRICET 5 LS
HE L2 L OEEMEOERETHD, okl
i, HoicESLENTE R A B Vit E S Tithh
mIFRFR R, e, BEDY A TOHE—HT

BR 15-3-12



<ECHEL O, FSEERENH LW SE LU E
BHLTHLIW,

BREWBR~DIEEOMENM

AHEABLUANBAI TR FNICHELZE
R3S ooty bAMICINE S G, AEER
EHVERRER & BT LTniE K EOSITIC B T 22
CHRBELDFED. BN HEERE S L R
HHEBRESY . BT, REECERECED &
WETHZLETELS, 20T LT, AMER LA
RR~DIE<BINENTHD L LE2EERTDHTH
%5 (Cech #h 2008), LaL. BREHMEERL
SO HEEROSIRECERE L LEE L
HE, FOLIBRAEETRCHE THLLEEDLID,

BEMEROSS LA

BALERIC LT ERB L UBMED W — F &
EEtTA-boEEdSbhiThide by, F0OK
A REMERIC AT 55F LU TI0 MHz £ T5
ZBNA, SEOEE L ULERSIDRT, %
HIRS &5 | Z B 2 TEMERO T CoRER. sA
EMOBRIEDNL/2TCHD 0, AFRELBIINTS
BREROSE LUV, REFRE 2 2AVWT, B
ENECBICHTDELIVECRESND, EET
ZlE, B, AEOBHIETERLS, BA0b
ZEEOEBEZERLTWD I L THD, EHERD
B, AEMIEFERITRVS, AREBRE LCHE
BaEhbd, MAREAMERON LT, Bl FRICL
DERETH D,

#o. BENLORUEELT LBHEROSE L ~ L

BRBBER

W C R (mA)

[ s

LR 25kHzE T 1.0
25kHz-100kHz 04 f
100 kHz-10 MHz 40
25kHzE T 05
25kHz-100kHz  02f

100 kHz-10 MHz 20
FE L, kHz TFb &5 B,

DERECR

BEHOREHDERE X UHEA~D
R < B8

ELEAREOERBLUMA~ORMBIICED
WRIRICEBO T, B BEEES O TNEN TS
HE A OHETEETHD, EERIEER
BT, FTROBAPEES 2B BEEICER
EhB, 10 MHz ZTOEEHEHROLESFRIRIC
ST RN ERITE R LB TnEESNS,

mm5151 ?)
jerre B
T E ., BB COERENENERS
B, B, i3, ®2 ChAbhE. B COFHHE
ERMEOREAHE,

EAGIROEEABEA DD, BERB IURR
HMEDBELSMIHTEERD 7 747 ) 7 H#EA
Ehs,

e )
sz By

BIY
o )
J=liz LR

E

Ej= Bik# j TOERBE,

By ;= F3., 4 TEAGND, A COER
BEDBEL N,

H;= B j CORREE,

Hyj= %3, 4TExbND, FHHK j TORR
B DB E L,

TR S K MR T B L L. B hEh,
HOERPEA END,

toagm I
——=1 (6)

_)=1HZI{,_j

ZIT,IiE B CoEMERE S, b
£ETHEALND., FEK | COBMERCSE L
~Jl,

EEZEADIELE
100 kHz U FoEEE L, BERBLUL ol

BR 15-3-13



Rt EEAEDRE, BAWEAREECSMRTS
RAERZIC L2 TEDHENT WD, TOFKE. &
Rl L URROERITESER (LIZLIZ 2R )
Y=kt ERLIRERBIUVER Y. #
27—V B #E FT) A0, #iEA~7 b
MRS L . Al OB EESIC T A A—
AERATDILPARICTRETHD, ZOFEL. A
~7 MAERSIEMATHEES NS, Thbh, £
TORKREZRBAICEZ D LV I REZEINT
By, FORE. —EOFRNE—F7ENELS,
OARENIRER L2 D DI, AALT BRSO
RENTWT FR BB — L M Ty,
ThbLT T LRBETHD, ifAdar—1

MBREERTWABEIE. ZOREELEN L
ICE2AOERELY 2D, EBIT, FTAANS b
fETIC B A Y T v FRBEEMIC L s T AT
T ABEENBET D0, E BRORER
BANHECEEINT 5 S H D,

ALy BRI BIRKE LT, ERRBRE
EHEZELNVICBEET L7 o AV ZBEEE HVT,
AEERE LUSNERER. FHEALOUICTEEE
MICEAf T &T D FERH D (ICNIRP 2003;
Jokela 2000) , B FRIE RS b 572 B SRR OB REB X
UREROGE, 74NMF VPl THEERBND
FIRRITEEMIC RO L S mRbahs,

‘ zﬁ:;%cos{Znﬁt+ 0, +¢;) |<1 @

TIT, r 3R EL 3 E ISR ERE S, oL
{BHIBE 4. 2. BXORO it FiFHEE
FHC BT BERBIURRAOEE, HEA. BX
G744 NF OB THL, MHABERKRE, 20K
BRITNERG). @), OLEHETHD, EX(THD
EEMFE (BT E—2EE<EOERE) (2
THHELWHA A RAIMEE (58) KE#sSh
T3,

HFIE
ICNIRP (. &HFA FTA T T OBIEAT
Tl X TERBIUBR~NI<KBENA
EOPENRFERIND L ERIELETD,
VE2EDEFEA I T, T2EE BIENEE,

14

BARE#E S 77 L5 5, BR O BHE
EMICERFIEEEL D56, EUREIELE
TLZHAEZ B, B—HrE LT, meelekad
VWO Th, HEENEOERBLUBROKR TR
oL CIEET S TEMETBEAERT 08 L0,
T EYREERFHE MECR L TA w7 —
vy 7 F RN RSO RENE OB AL
DERAFESEND,

SEB A0 IRE, TR AR X USRS oEFh
EOHIEMTEATFHEELAECH2ONBL
vy, BhEEan X oA REEREIL. FEORIERT
HEHETHLD, FEFOELEERTIREOF
BLLToh Ly, FRREIVWoTYL, THEM
FHRELGEOEELELT S, 6, ERMLO
PHg D e TEFRERO L 3 Ek ERT2BET
b, MR ISR L TOLOBHETHD
DT, BERFIEEEZ TZe bz,

BIDBEL-~LVEBL HAEESHDET-D
T, Wi E Mo ARBES Y BT,
FROMEEARCERTEZ LA TED, £z,
D EEFHLETHHAAERT, EETHILLE
BTHA,

s EFETHREIUEER (G~—2AA -2 %)

& OERET U
+ ERFUBREE (EBEE) OBE
s BFEER EMERERIIAERECI-TELR

SAEIC X DA E OO R L LTELS

XDk I NES

RMEEOTREICHT BT

L@, EVERE (03-04 0T BLE) DEEH
B ORER -~ B OB EAVNE AfED
V27 EREBEL WA L&, BEFRT—8
LTRHLTWA, IARC L, D X5 2R % (3
BAMREHBME LR ES5ELE, L L
B, BREDRALRORERGIET SN TE
B3, Fh, 20OV EHOEELRETS
DTy, B EhWERBESRVWI LT B
FHBRZBWTZOREEHI ZLIXTERNT L
#EHTA, LhLiadb, Fla—iaT U H
T AEESS Y AZ7EH EOBED, WHO

BR 15-3-14



(WHO 2007a, b) BXUMhofE#»E 52 5T
Wh,

S # — ICNIRP i, ERRERE RS, HEER
THES, EPRFSEES, BUNEES, FqoovEIRERE - g2
FE- - [FFrhEZedh b0 BIOECRE 2 LET, &
7=, ICNIRP (. KHDF 57 LEBEBLTEBRLT
TZ o/ ICNIRP BEEMAROHF*ELTL P2 —TD
HFrzBIcRELET.

FHAF T4 - OREHEOERIES BRI ES
BB LU ICNIRP ELF & 2 7 7L — 7O BHII LT D&
N TédHholze

ICNIRP

P.Vecchia F£EE (121U 7)

M. Hictanen EIEEE —208FEF T (743 F)
R.Matthes EBIEEE —2008FHh5 (Fa4w)
A Ahlbom —2008FEFT (A7 =2—F 1)

E. Breitbart —2008F £ T (FAw)
F.R.DeGruijl —2008FFT (F 52 %)

M. Feychting (27 = —F 1)

A Green (A= +F3U7)

K.Jokela (7425 F)

J.Lin CRED)

R. Saunders (ZE[F)

K. Schulmeister (zF—2 F1J7)

P. Sdderberg (A ™ = — 5 1)

B. Stuck CK[ED

A, Swerdlow (ZE[E)

M. Taki —2008E % T (H#)

B.Veyret (75 2R)

G. Ziegelberger, RIEEFHR (-2 LU T)
M.H. Repacholi, ZFEEE (24 2D

ICNIRP ELF & 2 21 2 )L—F

R. Matthes 7 ). —7EBE (F1 W)
A Ahlbom (R z—F 1)

K. Jokela (7+ 22 F)

C Roy-{zF—=Z& k3 U7

R. Saunders (ZE[EF])

S% Xk

Ahlbom A, Day N, Feychting M, Roman E, Skinner
J.Dockerty J, Linet M, McBride M, Michaelis J, Olsen
JH,Tynes T, Verkasalo PK. A pooled analysis of
magneticfields and childhood leukaemia. Br J Cancer
83:092—698;2000.

Attwell D. Interaction of low frequency electric fields with
thenervous system: the retina as a model system.
Radiat ProtectDosim 106:341-348; 2003.

Bahr A, Bolz T, Hennes C. Numerical dosimetry ELF:
Accuracyof the method, variability of models and
parameters,and the implication for quantifying
guidelines. Health Phys92:521-530; 2007.

Barth A, Ponocny I, Ponocny-Seliger E, Vana N, Winker
R Effects of extremely low-frequency magnetic field

exposureon cognitive functions: results of a
meta-analysis. Bioelectromagnetics31:173-179; 2010.

Cech R, Leitgeb N, Pediaditis M. Current densities in a
pregnant woman model induced by simultaneous
ELF electric and magnetic field exposure. Phys Med
Biol 53:177-186; 2008.

Cook CM, Thomas AW, Prato FS. Human
electrophysiological and cognitive effects of
exposure to ELF magnetic and ELF modulated RF
and microwave fields: a review of recent studies.
Bioelectromagnetics 23:144 —157; 2002.

Cook CM, Saucier DM, Thomas AW, Prato FS.
Exposure to ELF magnetic and ELF-modulated
radiofrequency  fields: the time-course of
physiological and cognitive effects observed in
recent studies (2001-2005). Bioelectromagnetics
27:613-627, 2006.

Crasson M. 50—60 Hz electric and magnetic field effects
on cognifive function in humans: a review. Radiat
Protect Dosim 106:333-340; 2003.

Crumpton MIJ, Colling AR,  Are environmental
electromagnetic fields genotoxic? DNA Repair
(Amst) 3:1385-1387, 2004.

Dimbylow PJ. Development of the female voxel
phantom, NAOMI and its application to calculations
of induced current densities and electric fields from
applied low frequency magnetic and ¢lectric fields.
Phys Med Biol 50:1047-1070; 2005.

Dimbylow PJ. Development of pregnant female, hybrid
voxelmathematical models and their application to
the dosimetry of applied magnetic and electric fields
at 50 Hz. Phys Med Biol 51:2383-2394; 2006.

Garcia AM, Sisternas A, Hoyos SP. Occupational
exposure to extremely low frequency electric and
magnetic  fields and Alzheimer disease: a
meta-analysis. Int ] Epidermol 37:329 —340; 2008.

Greenland S, Sheppard AR, Kaune WT, Poole C, Kelsh
MA. A pooled analysis of magnetic fields, wire
codes, and childhood leukemia. Epidemiol 11:624—
634; 2000.

Hirata A, Wake K, Watanabe S, Taki M. In-situ electric
field and current density in Japanese male and
female models for uniform magnetic field exposures.
Radiat Protect Dosim 135:272-275; 2009.

Huss A, Spoerri A, Egger M, Ro"o7sli M. Residence near
power lines and mortality from neurodegenerative
diseases: longitudinal study of the Swiss population.
Am ] Epidemiol 169:167-175; 2009.

International Agency for Research on Cancer. Static and
extremely low frequency electric and magnetic
fields. Lyon, France: IARC; TARC Monographs on
the Evaluation of Carcinogenic Risk to Humans
Volume 80; 2002.

International Commission on Non-Ionizing Radiation
Protection. Guidelines for limiting exposure to
time-varying electric, magnetic, and
electromagnetic fields (up to 300 GHz). Health Phys
74:494 —522; 1998.

International Commission on Non-lonizing Radiation
Protection. General approach to protection against
non-ionizing radiation. Health Phys 82:540 —548;
2002.

International Commission on Non-lonizing Radiation
Protection. Exposure to static and low frequency
electromagnetic fields, biological effects and health
consequences (0—100 kHz). In: Bemhardt JH,
Matthes R, McKinlay A, Vecchia P, Veyret B, eds.
Review of the scientific evidence and health

BR 15-3-15



consequences. Munich: ICNIRP; 2003a.

International Commission on Non-lonizing Radiation
Protection. Guidance on determining compliance of
exposure to pulsed and complex non-sinusoidal
waveforms below 100 kHz with ICNIRP guidelines.
Health Phys 84:383-387; 2003b.

International Commission on Non-lonizing Radiation
Protection. Medical magnetic resonance (MR)
procedures: protection of patients. Health Phys
87:197-216; 2004.

International Commission on Non-lonizing Radiation
Protection. Guidelines on limiting exposure to static
magnetic fields. Health Phys 96:504 —514; 2009.

International Electrotechnical Commission. Exposure to
electric or magnetic fields in the low and
intermediate  frequency  range—methods  for
calculating the current density and internal electric
field induced in the human body. IEC 62226, 2004.

International Electrotechnical Conumission.
Measurement methods for electromagnetic fields of
household appliances and similar apparatus with
regard to human exposure. IEC 62233; 2005a.

International  Electrotechnical Commission. Medical
electrical equipment—part 1: general requirements
for safety; 2: collateral standard: electromagnetic
compatibility—requirements and  tests. [EC
60601-1-2; 2005b.

I[EEE. IEEE 1308 Recommended Practice for
Instrumentation: Specifications for Magnetic Flux
Density and Electric Field Strength Meters - 10 Hz
to 3 kHz IEEE, Piscataway; 1994. IEEE. IEEE
644-1994 (Reaff 2008).

IEEE Standard Procedures for Measurement of Power
Frequency Electric and Magnetic Fields from AC
Power Lines; IEEE, Piscataway; 2008.

Jefferys JG. Experimental neurobiology of epilepsies.
Curr Opinneurol 7:113-122; 1994,

Jokela K. Restricting exposure to pulsed and broadband
magnetic fields. Health Phys 79:373-388; 2000.
Jokela K. Assessment of complex emf exposure
situations  including  inhomogeneous  field

distribution. Health Phys 92:531-540; 2007.

Juutilainen J. Developmental effects of extremely low
frequency electric and magnetic fields. Radiat
Protect Dosim 106:385-390; 2003.

Juutilainen I. Developmental effects of electromagnetic
fields. Bioelectromagnetics 7:107-115; 2005.

Kanai R, Chaieb L, Antal A, Walsh V, Paulus W.
Frequencydependent electrical stimulation of the
visual cortex. Curr Biol 18:1839 —1843; 2008.

Kheifets L, Ahlbom A, Johansen C, Feychting M, Sahl I,
Savitz D. Extremely low-frequency magnetic fields
and heart disease. Scand ] Work Environ Health
33:5-12; 2007.

Kheifets L, Bowman JD, Checkoway H, Feychting M,
Harrington M, Kavet R, Marsh G, Mezei G, Renew
DC, wvan Wingaarden E. Future needs of
occupational epidemiology of extremely low
frequency electric and magnetic fields: review and
recommendations. Occup Environ Med 66:72— 80;
2009,

McNamee DA, Legros AG, Krewski DR, Wisenberg G,
Prato FS, Thomas AW. A literature review: the
cardiovascular effects of exposure to extremely low
frequency electromagnetic fields. Int Arch Oeccup
Environ Health 82:919 —933; 2009.

Nagaocka T, Watanabe S, Sakurai K, Kunieda E,
Watanabe S, Taki M, Yamanaka Y. Development of

16

realistic highresolution whole-body voxel models of
Japanese adult males and females of average height
and weight, and applicaion of models to
radio-frequency electromagneticfield dosimetry.
Phys Med Biol 49:1-15; 2004.

Nyenhuis JA, Bourland JD, Kildishev AV, Schaefer DIJ.
Health effects and safety of intense gradient fields.
In: Shellock F, ed. Magnetic resonance procedures:
Health effects and safety. Boca Raton, FL: CRC
Press; 2001: 31-54.

Pogosyan A, Gaynor LD, Eusebio A, Brown P. Boosting
cortical activity at beta-band frequencies slows
movement in humans. Curr Biol 19:1-5; 2009.

Reilly J. Applied bicelectricity: from electrical
stimulation to  electropathology. New  York:
Springer-Verlag; 1998,

Reilly JP. Comments concerning “guidelines for limmting
exposure to time-varying electric, magnetic and
electromagnetic fields (up to 300 GHz). Health Phys
76:314 -315; 1999.

Reilly JP. Neuroelectric mechanisms applied to low
frequency electric and magnetic field exposure
guidelines—part I: sinusoidal waveforms. Health
Phys 83:341-355; 2002.

Reilly J, Diamant A. Spatial relationships in
electrostimulation: application to electromagnetic
field standards. IEEE Trans on Biomed Eng
50:783-785; 2003.

Rubin GJ, Das Munshi J, Wessely S. Electromagnetic
hypersensitivity: a systematic review of provocation
studies. Psychosom Med 67:224 —232; 2005.

Saunders RD, Jefferys JG. Weak electric field
interactions in the central nervous system. Health
Phys 83:366 —375; 2002.

Saunders RD, Jefferys JG. A neurobiological basis for
ELF guidelines. Health Phys 92:596—603; 2007.

So PPM, Stuchly MA, Nyenhuis JA. Peripheral nerve
stimulation by gradient switching fields in magnetic
resonance imaging. IEEE Trans on Biomed Eng
51:1907-1914; 2004.

Stuchly MA, Dawson TW. Human body exposure to
power lines: relation of induced quantities to
external magnetic field. Health Phys 83:333-340;
2002.

World Health Organization. Environmental Health
Criteria 238. Extremely low frequency (ELF) fields.
Geneva: World Health Organization; 2007a.

World Health Organization. Electromagnetic fields and
public health: exposure to extremely low frequency
fields. Fact Sheet No 322. Geneva: World Health
Organization; 2007b.

Xi W, Stuchly MA. High spatial resolution analysis of
electric currents induced in men by ELF magnetic
fields. Appl Comput Electromagn Soc J 9:127-134;
1994,

ff 8%
HERE (&5
BAHT T E— 7 HEIE K BDRE

BT, STEROEERALY F T AERE
HL, RIZR (7) 2BATAZ L TITRES, L
L b, #< it s . BEERCOEROT Fa

BR 15-3-16



TERET 4 PENT 4NN T EHNSDR,
ELIENTHD, 7405 OfE (AHESICH
THHAEFOm) . X ERITREC T 5 E
W DORE G = EL(fiel) | EL(f) 1= L= - TEbT
B, ZIZT, ELY FAEEE f ToE < BHIBRME,
fief (31 Hz 225 100 kHz £ TOEEOEE B
Thbd, 745 ENEBOY— 7 EE, 25H
EHlcHETS (RED) v—7{EICER Szl
THITRE (EARIREEBEZ L) 2EBLA
WETThD, K6, BrHshio— 7 EOH
AT, WEAAET o AH X BIElCnE T, BR
BLUOBROMEICLFEICEEEEL, 7o VFE
NEERBIURAOY—7la2 LS5, K1,
2, JTREN L O, BIREE. U A S GE
9] itif;%h%ﬂiﬁbf%k#éiimﬁ
WG S BB, P 1L OB ROy Ik
Bl 24T, 7 F ONEA D (T EH)
XA, 180, 90 . 0, 90 ETH D, &
I 7 o A H UL, R TR AR RN RS B B
DS 3 dB LA_E 3 X OMGIAR A% 90 BE LA b r it L7
WEORBTEEZ A VFERETENLT AT

TUEE 5 Z ENTRETH B, —fHlE LT, M Al

. BEBROBER T T 420, EBREEE
Lf@ﬁﬁkﬁﬁ%mﬁaﬂﬁﬁﬁﬁ‘mmﬁM/
Fp 8Ty B g2 BRE A T B ARl T
DTV D, BEXMTFE—SEOT Tu—Fik, =
E—Lr Bl Eae—Lr FOmEOERE L
CREFUZ WA Z LR TE 5, EDOEE, HIERRH
EroicE LD, BYREREE Lo TY—X
Ir—AOE—ZEARE SRS D IC LAaTER
By, PEOREEN GRS, e —L v FER
BIUBRORS, BRI E—2ET 7o —Fid,
AT MVEBRELFE—TH D,

6. FEFEOERE LUHRO & — 7 EIZH 5 HIRE,

HBEREEIL 50HzTH 5D,

b

£l ()

HEER mvm) ARER BEF

i {4 (Vvm? (uT)
[ E S _ _ .
ipog  D2¢ 100 B2800 B2 10000 @23 1000
NG — - — =
g B2720 @Zx400 B2 5000 B2 200

10°
R #tt
-------- RC %
10°
107
10
10° 10 10° 10° 10 10°
BEE# (Hz)
— REaiRERHHE
-------- RC A%
" AT
- ~

10° 10 10° 10° 10* 10°
BiR# (Hz)

Al GREEROELH ST DIREISE & RIS E

PGS

Adverse effect : A 572820
R E BRI ERET ~ 0 Bz LB
EAOIEFEIZ L » THEER R

Averaging distance : L
AR OB T2 RET D & &0, FRNEROTY
& D & A D FREE.

Basic restrictions : ZxASH| R

RFE~OFERREBIIELAEEOLD, 2T,
BERIOD | SRR & OEMEFRIMEEIER A =X
AIZERET 2WEEIZET D, SFAHZ EPRE SIS
FU7z | TR AR,

Cancer : 23 As

filf & A o B e EEMRO SE, B L UEEN
DRI DIOL~OREOLERY (58 12 8-> TR
SN HER,

Central nervous system (CNS) : iR
b & L5 72 5, R OMERO—E, KR

BR 15-3-17



I EELR,

Characteristics : 4
BEREFIIRR O EONE, F2E, K
&, BE#HASS 7 A, BE. BRARE,

Conductivity : FEE

BRAMEN HEHCELABRBEENRE X
ERET HEOMEIORE, BAEV—A RS A—
FSmMYy TR &5, EREOFL,

Contact current : FEATET
TR & R E b OEBMB AR A L TR
e AT D i,

Current density : ZHiE &
HLEBBICLTEHSESENF ORBEEETS
B LR R, BRROER B 5 T ER
BEL. EMAEHEOHNEE T > ECE LYy, B

MET 22T S EE A — P MAMD TRDENRD,

DC : Bt
direct current MEEEE, Ll ROEFHERITH
LAV EBENRD, TR 208,

(HERE) BioofR
AR s D L BRI D,

Depolarization (cellular) :

Direct effect : EAEIREE
EMF & 442 EE L OBEZOMAER O RE
LA EFaR L,

Direct electro stimulation : [EL#E B4 &

HEER IR L > THESh S FEE
FOERE S LR, hoBk s oEBEEfE 2T
KA B AR,

DNA (deoxyribonucleic acid) : 7 7 33 U AREZER

2AMT, 2 EOEREEELED EFTh a7 A%
YRI VAT ROBGTT, EEALDEHDRELY
HOHMETHSD,

18

Dosimetry : Fi24 1

BERFCIILEEINTAFRE I8 OFHER
MEFIIHEEREE., L AF—RILESA).
S A — IR EE(SAR)DHE . Ei T3 s
HIE,

Electric field : &5
Bk A= BATHEENASTY FARE

Electric field strength (F) : =R E(E)

ERVPAEMIRIITAHREZOET TE - E B
RoEiloa— b /=0 ERTRA R A—
L/ T b &5 OVC=V/m),

Electromagnetic energy : TERET F /X —
ERRB b o= FAF—, Pa—ATRLEND),

Electromagnetic fields : ERER

BEHCER LBEROMEAEGDEsTbo, ZOH
ZBiL. LIE UL, IEERER T (electromagnetic radiation) |
ERBENBH, BEHEE A SRR EE
oW THWD L, BEEEZDZEBDD,

Electro stimulation ; B4/ {&

ETAn L= BE AR ) AR R A
EBEMEFERTLI L, Thbb, #7722
DIFBOEEEL L 5 I ARERIIRBITA
BRI OEE,

EMF : B fds LURLR
Electric and magnetic fields?>BE3E.

Established mechanism : #EYZ X 7o A = Al

EOL S IEHEEE L 2EFETHA =2 A, (@)
b FOESENEEOTFRICE WA Z LB FERTH
% (AR EH M OBRE A iR 7
TR THD ; (Ot MNZBWTHRIESA TS, &
T — 2 BREREH T h~ AR EETH
D (AFEH AT L > TEBEER TS  FFR®
BERZFILALZIHT AN TN D,

Exposure : |5 < &

BR 15-3-18



B A SEJE D ER IS L ORER £ iR ER o
FETEHDLEL, HKEBELD LW,

Exposure, long-term : FE{FIE< B

ZOREFEE. 5T 2 AEMFEOEEORE OB
WChdiX<{E%ET, Lidt-T, B+ oL O
HoRM P EEE TR 2D,

Exposure assessment : | X < B
WE, 7 Mb, BEFICETAER. ook
HE X o TiThM DB AR EOPHE,

Exposure metric @ (< BRE

ERBIV/ ERIHADE BERETS—2
D, REE. BF. BRI XES0E L ERD
FF O EhEII LV EREENS,

Frequency : EiEH
ERFC X W ELNL BRSO EE O 1 #EICE
A EE, BE. Y THREEHH,

General public ; #45&

IOABIADEESELAET, ETOEHDA,
SRR EEREO A i, ThiE, HESESR
A, BEEE ., ERFTOEESE, HHR, DR EFRC
FEE TP TWIA—TREABESENS,

General public exposure : 238 < #2

AROBEPZTHETOEEENERE JUR
RiZ B, 2 OERICIBENE BRI UERL
<BEEENEN,

Harmonic (frequency) : &R (EHEED)
BB L i rothosE B oRgED
B,

Heart rate : Cr3%
1 4RI 7= v o B oD E1E,

Hertz (Hz) : ~/2
B () 2R EAL
S ThD,

1~ 1A 70

19

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

Induction : FHE
SR (REY) ORBEELT2ER I IIHMAEDE
Bl X TEHEHEMREERICELAERFHITHR,

Instantaneous : BRERD

FEICEVIER (BEEMACIT00vA 7 e g
FENUT) CHIEE i3 sz i hde b
BEOEEETRERT DA B DA,

Let-go current : FERTE T
TEEREOBRIRMENEE T, - B@ERoEES
FrRoET LB TSR ARDER L ORIE

Magnetic field : FER

A7 AR H, ZHEERFEOSH DS EICEH
DEREAHAET D, T T/ A=V TERDEND
(Am", (BEREBEI SR,

Magnetic field strength () : BEFRAEEEH)
BRAZ MADRES, Tri7T /A— bATHED
Eh A (Am),

Magnetic flux density (B) : REFIEE(R)

EEB R OE—F R OER (B KRETH
ERETLNY B, TAZFMTERDEND, 1Y
UA (FEEEROEN) 12107 TRTICELNY,

Magnetophosphenes : BE& BTk
GEERSHEEEIKT A LiIc L o TEl& kD
EhHROBRE OEE,

Mean : FEIE
—EOREEE LT — 5 OBHTTES,

Median threshold : BIfE @ H=E

R ARG TE (LB T, B OS50%
EL Y RELEEELFL, MDS0% I ZDEL VIS
ZEEEFEoX 5 2EE,
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Medical exposure : EHEIL< 7

EZMORWE IR R INERAZT LA
FELT, EEEERAORZ T 4T ELT,
ADBZFDEFECERBLIUHEADITI]E,

Mutagen : ZE58E £
EARERAEITIENTEOME,

Mutation : 22582 R
EBEHEICBT 2B CEEEE b oE L,
ELUBETHRABRZICLIALOTER,

Nerve : %
R D,

Nerve fiber : #EEHHE
— AR OHRER R,

Neuron : = =— 173 (FhEEHND)
BB —EOEE, Mg, fREENLRE—
IR AT,

Non-ionizing radiation (NIR) : 3EEEEHETiR

WMERCERE (A1) FElEETRD0+y
RIRAF TR, BRASY b7 AFDET
ORISR BRR, T OfFmT. 12eVEFOXTF=
AAF—THY, T, EEF10nmEL k. £7ciX
B PI10P B T & flicHh s,

Non - uniform field : FE—#&72 7
EEMRTHHHEE LI HEO—EHSDEEN
T, BE. FE, HaES—E TR0V R, EROSB
B, FEOHFEICLL o TBHER THRVWRERFOE

Rtk LT, ZOEBTHEAT D,

Occupational exposure : B2 IE< B
ARG, £032810 ST CBESITORE - L
T, EABBRT AL TOEMRIL &,

Peripheral nerve : FRAHERE
HREREROAMCR D . B AT AR,

Permeability ; FEREE

BER - OEPHEEEC D AR T—BEIET
PYNE, O EFERE AL T~ EFEER
TH~= M 7 ATHD, FEE: EHHERE, HEE
Teid i B A Hoe OB (MSTEED e T
Blofe b OELFEHRRE (u) LRSS, B~ V—
/A — bk A(Hm),

Permittivity : F5EZ

HEEEORS I AEEIRBACRIETHEEOR
BEPETLES, 777 v FAA— M TERDER
AH(Fm), LHERT, WHEEREEOFEEL R
HOBEERETE L DThD,

Phase duration {z,) Hr AR

FHEEeORES Er il ZET S A L ADMH
OIFH, S f OEMECRE. =120, 548
BEWOBE. 4 TEROE—7EhbEY—7 ED
037 EHWHET AL TERE LS L ERE
B

Phosphene : P13

EUAOEKIZ L > T ZAREZROME, B85
FILEFC X - T Sh, BEMNEITHENCHES
hs,

Plasma membrane : I
ik L UEY I OMIEE ~ 2 iEE 8RR,

Polarization (cellular) :  (AERL®) 2318
HIFLFEPIANC IR R S s B E,

Power frequency : 7 F & &

MBI BREINLHEEY, ERFEIBNT,
k. 77 VA BED—ETII60 Hz, HHRDZ D
% < MU IS0 Hz T B,

Protein : 7= AL <&
HME R AR E L OR ST EDERSEDE
Besmrn—7ont ko,

Public exposure : Z3#RIT< &
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RO E PR T HETOEMFIEL &, BiZeT
LEBIUEBLETOHELEBIZEELE L,

Radiofrequency (RF) : AR B 1%
3kHz #>5300 GHz>4F o B % L oBh 3L
5?‘_—0

Reduction factor : 1&:/EH{% %

HA BT EEBECBITATRENSOREL
BRI *T D EO 7 (R IR A N Z 5
&, H<B-#EREL-NVCETITENED
FEOME LTE, BT —7%k L TOFEEIC
SMET H I L. EEZFTERE L FhioRs LicEF
FEOEAZE., B CBEEICET 20T
hE (EERR) REBbD, HA1 F74 VTR
DRBIIS D R 23, ETFFEOMBAEE
ET AR T AR INFEL TS EETH
BLEI®H, ICNIRP ORETHDH, TORFED
&, ICNIRP (L XA EEBESORETIZIZER S
TiELy,

Reference levels 1 2% Ll

FETMRCEEEEEZ LY TRESNE, B
HREEPZUALECEBEENSTHSIER ¥
SO EMEROESER LY — 7B, ERAEAE
RIRNIEPIERATE 288 A LEOERBLIUR
RIE{ BT 55Z LB TH I,

Licido T, &5 byt E5GIIROET4 iRk
T BBl D Z LA TE ZERNE 1T A
B 727 A—FThD,

Relative permeability : bhiEREEE

(#ex)) HHR (ZOESR) 2BETOHET
Blo7=bm, ER LD EWD Z &id, T OHER
ARERC L > T THELEH ks L%
B 5,

Relative phase : FHHAIFH

& D ETAWE R & [F] B M E T oAb o0 5 CH
ESNDHIOWERE DARZE, £l EEDEE L
frFAZE,

21

Relative risk (RR) : #HAf U A 7
FEHRNPIN—FORBBEOLE S N— T DEE
AT BB, LESL T, ERhFoBETF
DIEAITS, FeRBEDOHE, ZEL, Ml Ar

Ay XL ERLTHD,

Root mean square (rms) : SEZh{HE

BRI AT LT A FO O ZREOCBRL» B
ETOBTE SNBRIIC 0L FHOFEEE, £33
HAETHEL, RICEGEA - TREOCFEELRD, £
DYEHEOFELELE DL T L CEBND,

PR = ,#?::[F@)]z dt

SIL: EREAR

International system of units > & 38,

(Al)

Spatial Peak : ZEf '— 7 &
ANEOA SR EREE LI EEI LD TER SN
T E DB E DR RIER TRk 5 A,

Spark discharge : KEHE

RARICEESEMTZO LIZELY | EREOMES
WO EMOHSE, ERAEET 0TS EEE
BHETHD,

Static field : #7722 R
B b LB LR, ZEAEDEEST,
BERABIOHERIFRE L LB T 258, B
A7 M7 AT HER S B EEND, TDRXORRD
(MR BT, AT OIEEES % T
THZ LI ETCES,

Tesla(T) : 7 A5
HMHEEEOCEREMN, 1| 727 =10000 H¥7A (Z
DIEZER)

Threshold : EEfE
BIS & RIS DER AT THE D L,

Ventricular fibrillation : .C»Z=H0E)
GEOTERRTC, INEA CHREE A Ko T UHE & 55
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LT B, ERAIREDORFRIC A S 8, R fibiziot & iz
Wk ET AL H— FERETREXICEE) T,
Voxel : 7 B ZORBTEEEETOL HEMLTOME (ETHIE
SIRAMIMBEES, £AF F—F (FREEHEIC &) &,
BE) T, FyA RVEFAOEDERB L AMEDE
BERBRTHEHICAVENS, Workers : {F¥3E
MEEe)iI< i &8,

Waveform : &7

1 ;B3 p825 BWIOERE, BXUp829 REODBED 2 AFTICO&L, NEKERICET ATt
s, MEERIL. F74 Fo4 2 ORBCEBIELL 2V, EXCEECFRLE,

2 1 p829 R(O)D I 17 tE. RONCERIL, I, PREPET S LB D, FIUTERCR
LAt

3 ftBE (2%8) ORECEEOIMNAT, FXo L EL ICFTELTRLE,

4 : AR, AFEA ST TOROWEES O o EENT0E 5, FIULEBEC
LiE,

an

iR

22
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15-4 WHO 272 b>— (No. 322)

= SN
ey World Health
8 Organization

WHO 27 & b — b 322
2007 £ 6 A

BHSR & ARBE

HERRAHR~DIE R

BROMAIZEEEFBCRIPERVED LR THET, BRVFN TO AT, iR
FUBERMEOMBEICBR EBAOEHHEL D 3, 1970 FREENLREET, Z0k3
REEAK (ELF) OBREBIUVBRMA~OF<BPRECBOBREELIMLENL V) RY
MREEESNTOET, ThUESETOMICE OMENTET L, BRL S EEME MR
L, ROFADBERER VIAATHET,

1996 4, fRIREMEE (WHO) 13, BREF & s+ 2 ATIC B+ 2 65 U A 7 O RN &
MET A, EBEEMA =2 bErb EFE Ls, WHO ©F A7 Vi—7Efk,
ELF ERAR ORBHE OV TO L E 2 —OfEmad H L E Lt (WHO 2007),

IOT 7Y hir—hid, FOFRITA—TOMAICEI LOTHD, £, WHO OB
TR SN EEES AL TARC) A5 2002 iz, * LTEEEBERMNRIEER S
(ICNIRP) 75 2003 iz, #H Fho0® L BLF ERAOBRBERE BT o580 L= —%
BHEDOLDIZLET,

ELF B FORER & BERRECE

ERABLUBERIL, BHRBLIO,—7 0, FECEMRBIOERES2 Y, ERAKLTH
Aoyt 0ET, BRIL, EHHGEL, AL MEA— R (Vim) &0 5 By CRIE
ah, A-eE&BO LS le—fE80BEN CER SN ET, BRIZ, BROES (b bER)
MEDEL, 727 (T) EWVWIBEfTRPENETH, IDFHFTEIVFAZ (ml) £
EvA42v7 AT (W) TERbEANETYT, —HOETIE, Fv R (G) LIFHIHDH]0EAM
— oAV BN EST (10,0006=1T), BRITIFL A EO—HBRIHCERSN 52 L <,
BHICHEELET, BERALVERALEER O SR OM, B HiCEBTELES,

IEEAEDBAIE, 50 £72iF 60 4 ZiL@F, £imid~LY (Hz) OREHTEELTHE
T, HEBEOBRIMAEOES T, BRIBE~A /o7 ATBEIIRVET, EOROET
T, BESRITH 20 T, BRIGETHAAL FEA—PLIchDET, LA L, EERAOEHEHRE
ARAE#MAITL - SR <, BRINTIIH 00T =A 787 25 bk TIIM 0l =4 F 2T AT T
T, FERNOBROEHEIIRRTLE AL FHEA— FLTT,
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B R I—T O

2005 4F 10 B, WHO iZ, > 0 735 100,000 ~/L-% (100 ¥ 2~/1Y) % COREREHEEF O ELF
DBERB IR A~DIEL B LV AL AL HNLWEREY 27 2l 5 2H, BEEM
FEDHAT T N—T52BHE L E L, JARC 5532002 SIS AT BT 2 SEME 2 L =oicsdt L,
ZREAYTN—TFE L OBERBICETAIA L E 2 — L, BAET AEHLE RES
bDILELE, ZOFZRAY TN~ OB L OEIEIL. WHO ORERREZ S 7V 7
(EHC) */ 7% 7 (WHO2007) IZAFRENTWET,

AL e I AE N A R U A 7 B S e AR, — RO x DN G A LA
D EBELFEBRICE L CAEM AREREI A EmmLE LR, LER-ST, LLTFTIE, £&
LT ELF ER~DiZ< EOEEBF T i E1,

N E

LUl (100 =4 707 2752+ EEZ260) OREESEICL > THED Z LAER S
NTWDEMENEERH YV E4., ZhBE<{ALNEEMMEENE A N =X LIC L > T
BHahThET, MO ELF BRI S ENICERB I OERZFHE L £33, TORENSHR
(R & RS L OV O Rl L ORI R OME it O BE O Z (b2 SR LE T,

RIUMFEE DO EER

ELF < B LARMMN 2 Y 27 2R/ ~EREZMNMAROLE &, DNRAMFBICESE LT
T&F Lz, 20024, IARCIH ELF#R % Tt o LTEAAMER S A by &5
HLi®e/ VI3 750FRLELE ZOSET. £ MBI 2B AMEOREN 7255 E D |
MO EREDIC BT ARBAMEOTEMA S THAVRAFTHA A EEEK LT (ELFER
A OFZ 2 — e —REEREA B0 1), 2oL S CSaE IR, BEERR S —
N T, 03~04 w47 27 AT % LB 2 EHBEORBERERR~OTENE &iCBhE
LT/MRAERBAEE T L WS —B LI =V BWRENEZETY, FRAZ T A—TF,
FHUBECEMENERFRC > TCZONERERE IR iV EEHRLE L,

L L7adin, EZRREIL, BIR S, 7 AO AR P RiE EOMBEIC Lo THWL ook
DET, MAT, BLNVOEERBARAICEST A Z L ARET S L5 R4EhhEEN
AH=ALE LTEHERDLNELOELED A, E4DHIC, LLIOL BELLO
BMRA~OIECBICL > T POEERNHE LT, Thitsnk 2 5RNOEMZERN A D
ZALZEBLOTRINES RV ERA, MAT, BMHHEIEIEE LTEEL2LLOEREZT
LTWEY, LERST, ZNLE2TEEESNGE, DR BEIFEC RS 23R EREE &
RARDIZEEFENEOTHL D £8 A,

MNREMFED 2 D EREBRTHY . B C—EMICHZICRET HERARIL. 2000 FiX
49,000 AEHEESNTWET, EENTOEHBIIEIKENR 03 v/ /T A7% RS2 &
HETHY, 2085 2REICFELOR. FHO 1%~4% THELHEESRTHET, b LEE
FENRAMEE: OFESKRERE CH L BIE, AL ELARRETH A0 6N VER
#id. 2000 FFEOFEIZFESNT, SR TER 100~2400 AOFBE S HESHLES, Zhid,
BIEORERD 02~495%I2/HY LY, LEA-T, {RIC ELF BRAAERIC/NENFBED
VAZE@mDHAHELTH, 2FRMCE L, ELF ERUE ERAREECRIT TS
[REMTHDEL L I,
2
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ELF B & L OB EDREIC 20T, 2EOBBE~OHEZBERHRINTET,
HIUF LSO AR A RADD A, 500/, Bk, LDIBRLERER, EEEEREES BFR
w. REENEM, MERTEENEE, MEEMERL ETY, WHO OF 27 71—,
Ihb OEFEEEe TIE 20T, BELF BRI & & oBENZ2 R 2 BHEraeiia /R | i

W 25ELE D B »ICBWE R LE L, W 2@l zxThil, Fabboine
FEBRDUNAMCET D) FELS, ELFBERE I N OEBRES|ZEZ SRV SRS
TWEY,

EFRMRESETA RS54

BN @ LS AOE BICEET A@ERBIMIISNATED, Zh? 2 >OEERIEL
BHIRR S A Fo 4 Oz LT E4 (IONIRP 1998 ; IEEE 2002), BEES Tia, Zhibd
ML, ELF BR~ORHMNA2EL Lo { FEic X 2 a2 8o aeitic B4 2 BEnEt
ik, “HoOIE BRIREZIE TFIFA 2 L2 EL LT BICHR+STHEERALTHE
I

WHO DAHA F A

& L OBRERA~OERAIE BIOWTHE, BE~OFELEESRENICHL STy
Z4 (ICNTRP2003), BURHES, HEEBLOARE b OEENLEES L 200 F
RENTWAEBENRIES BT K74 v 28AT & T), BRAVE 27T A0
L BESHIRELZ BT 2 Z BTSN A2BERHLOEL BEOBEEZEDHXTT,

FEHMEEICE LT, ELF R~ E L /DR ANRE & OEEOFELOT = & E % i,
I BARRIC L AR LOERIITH T, 295 LEkREBEEL T, T2 L4,

o BB L UEERIL, BLF SR < EOMBEREIC Y 2 REEMEEIG Righ & & — B
P TH5DIC, BZEOEMEZERL, AT /7 02T EREERET,
ELF ) A7 §Hli 7" 0= A & T, M@BOXERSBRESNE L, ZhbBH 2R
TV EDERI o TET,

s MBALEG, FHRE2GALETORBREZ ML THLD, ETOMNERRE L OBFR
MTRMANIcala=lr—ta 7ol T LEHETDH I LBARIELEY, 207
7'Z A, ELF BREAZ ST+ 2REOFE ORI 2EER. #FARE, R
OEOFE L HHREZEET D L bEENET,

s WilchBREEBRT S, 3R (BEXRAELED) 2REFTLHECE, B
FCIE BEREET 2 FEERETL2OLIVTL L 5, BURIZBEEBREEZ
CRZDTLL I, £ TRb-TH, FEMICEWTEFRIREZERAT 2ERIER
ShERA,

EEER
WHO - World Health Organization. Extremely low frequency fields. Environmental Health Criteria, Vol. 238.

Geneva, World Health Organization, 2007. (WHORIEEREZ 747 V7 - £/ 77 78238 & [HEHE
HEERER )
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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). (EEAAFZIERS - © Motd 28 A Y 27 OFM
BT AT/ 77 78 80% BEElEkER. B 18 BRI UBEREOERBIURR))

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, Interational Commission on Non-ionizing Radiation Protection, 2003 (ICNIRP 13/2003).

(EEFERHARPEZEES BB IVEAENERB VMR, £UFNEE. BFEEE (02
& 100kHz) |)

ICNIRP — International Commission on Non-lonizing Radiation Protection (1998). Guidelines for limiting exposure

to time varying electric, magnetic and electromagnetic fields (up to 300 GHz). Health Physics 74(4), 494-522,

(ERFEERERSRRE RS (FRIE(LT 2ER ., MRS I UERRGGHz & T)~niL < R
DI RHA FZA )

IEEE Standards Coordinating Committee 28. IEEE standard for safety levels with respect to human exposure to
electromagnetic fields, 0-3 kHz. New York, NY, IEEE - The Institute of Electrical and Electronics Engineers,
2002 (IEEE Std €95.6-2002). CKEESRETFLHHEE [EEE €95.6-2002 10 425 3kHz & COERER ~D
AEIE L BICEEd 2 &2 L~ [EEE &)

(XD D)

(R Iz 21 T)

Fact Sheet ® B &FERIE, WHO 26 EXOARAE T, BHAFHE L ¥ —ORAETFRESFETL
CTELETEECERNLE L, TEEEXSEEINETOT, BRBRICBT TR
BTS2 F LUEELCIRETEY, Q2011£5H)
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WM ) =7 O L OR— ACOWTIEK 15-5-1 B LV 15-5-2 (RT3 0 & > —
VR EBRE LTV D70, HRNROR— A7 5 OIS RBEEEN OB L, EoRETH 25 [HE

BB ZE S (IONIRP) OH A KT A > OBRIEZE KIFIC FE->TH Y, BRI &

2 RBIIRD TR E L,

FEERERIE SR OIFFOLEICIE S <, HNB L ORBEBEL O EH AT 2K 15-5-3 B LUK
16-5-4 |2, [FIHEMEICHES SPER RO E L& 15-5-5 1 d . (MEDREMIL [15-9 B
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AN AL AUIENE K 2 FINASBIRER 7 — & 13152 25 4F 9 A BRETEEEAT il = 35 20 RHiR (S BEL 8
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