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REIC MIET R LI L=, —D D 7 )L—7 (Kanai 1t
2008) (T, IR R T B SRR A 1R T B 8 oD R
Wk, TRDO LS TIE 10 Hz (130, F2 350+
TIX 20 Hz fHETIT 9 Ba . REMENDE (AT ki
MBICHER SN BT2b D) S, Th
BQUEANYF & i e AV b Gl N oA
EWE L, b 9 —2D 7 )L—7F (Pogosyan fl 2009)
X, R —EB Y A7 2BITHRORT VT 4 T ORE
HEFHEFIZ 20 Hz B 52 HIM L, ¥ X7 ZTHICFOH)
AL AR DAL NS WV DHFEEHNCAH BT H B,
20 Hz OESIEB AR E ORMOBWMAR L —&+ 5
TEERRH U, AR D IRVEEE RS IR
R oiniemnolz, BTHE, W7 —71%, MM
B L 0 5V UL 10—20 Hz OFERA, KA
B ORI L O CHEITH o U X AEOBESN
EELHAMFEA LGS Z L. ﬁﬁﬂﬁ&ﬁﬁkwﬁﬁ
WZHOTINEBT L ENHDEZ EERAML, +0
3 X 0 10—20 Hz @ EMF |Z3535 S 7= BRI RIER D
FERHDINBHNZNE VI REE L7205 LTz,

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

< (Cook fi 2002, 2006; Crasson 2003; ICNIRP 2003a;
Barth fit 2010) , —f%IZ, FD X 9 ZeBF5EIEAI1 - 2mT
FITENUTOELSE L~V Thbb, Eiko
Brj| SR TTOISERITSEL VLI DRV L
~AOLTIThNTEY, B0 L 25, i
RO A R L TV AICEE R, TDOLH 73
Bt % 5| & T 7o DI B2 R, B R TlE 4>
IR STV,

EMF %2t LTl (A3 —k o714 7) T
DL EERFADADBND, L L_EHERICKLDH
I DS LR, i Sh-ERIT EMF
ECEEBEBE LW L 2R LT % (Rubin fill

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

WL B,
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2005; WHO 2007a) .

IKJE I O BB L OBRA~OIE B 5 ek £
FIFEROFRRERD E NS Z iz Tk, — &
D3 S REH)TIZARWFEEHL L 23720y (WHO 2007a)

BN TC, KEEOBERE LORRA~DIEL &
DIRATENI FAOMSRE (A 5 % 2 FIREMEIZ DV T
WS ONDRR DT FBEIFTE < OB HIREN
1ThoNTe, ML SNTBITIRA LT o Tz, B
IKJEB OBROFEEIE L & D Z LI OO TS
DOH LB D, ZiuTsE b, EmEmfEHO
FER, —RMEOREER £ 7R 2 A N L ARIEDAE T
L7 EEZ NS, FIREED & HFDOMOESN I L
OB DO ZERIC O W TEIHBEIC Sh Tuh2Rn
(WHO 2007a) ,

L7=ho T, REEMOMKE, Mt KOk
BRI, MNP G OFERIT oI ST
D, HEStOMRIME LCHIHTE 5, FhUTmz T, #
FEAVEL L SEE) & OB EORMEEENS, FEERICX
D BEORBEZIT D ENH D T L BTN
REVERGHLA 55, L LA s, KEEOERE
FUOBEFUCIES BENTZR T T 4 7 TOZ OO
PATENZAOBFZED & OFFUT, AEDIE L BHIRO 72
DHOMYL & F DT+ 7 BRI R,

HRRADBR - BT T TR S IR ERE
B RO BRE DR FHIEORE R, 50 — 60 Hz DFE
e FE T IHERA~DIE L BTN USRI F o8
ERIES RN EHERBLTND, 2D LTI,
MEEP LM END AT b=V B ETREDRLVE
YOMH LR RO & AP OFIENC B 5
585 < OFEEHHANLEANZONWTHTITE S,
50—60 Hz DX BERIKMA T b= LUl E 2%
HEIZHET D REDR T T ¢ TERIGEL, AIREN:
D & DA 1 OFIENC o3 R R b2 Il E . W
DR DL R & 7o 7= (WHO 2007a)

50—60 Hz OESI LOMRN T v F OkaRIkEs X
CIMFED AT =2 LU b 2 D B R P~ %
< DEHIFFROFITIE, IZBEN AT = 0K
iz ES"DIEERELIZLORH LN, —H,
fDBFRITE D X 5 7t & Lieino e, FEHEitkO%
B 2 b OBV T, 50—60 Hz DSBS L O
RO BIRAT F=V L UOLBLORRAT h=I2fk

179 5 A JHAERIRRRIC 5 2 5 BT B4 2 REHIL T
DRTERTH S (ICNIRP 2003a; WHO 2007a), E b
PISh O FREIEE H - 50— 60 Hz OFES S L OB O
BPEIX S BIFETIE. AT h=2 Lo LD
BIIR 6Nl
ZFEDOWFLIHD TR —EIE R A b L AR /LT
VLT B LRI R L TORWA, fist &
LT BRI~ XD 5@ L)L OARJE I O FE R
X BOBMBERICAONAHEMNIA N LARS B A
BEMEAS S D (ICNIRP 2003a; WHO 2007a) , /b 72\ iJF
FLMFERS TRV, ERLVES, EHEE)
N B G3 B AT v, AEBEES K OWMESERIAEIZBY
WL RILE R EDRIVE L Lo~ [
W KR EN E T IE—BHEO 2N D TH o7z,
WIET 2 &, b7 —2ix, KEEROBERE X
O ERITRRD, ANMEOWEFICHEREIEATS X5
IRAFRRN MR ~DEBE 5.2 5 L) Z & R L
TR,

REMRE - (KA OBERE LOBROIE BN
W D ORFRZEMER BRI BT 2 & W S (R
INTND, R—=F YV PR L OEH M LEIC R
LTI 72 <, 2D OB S KA I IE < #
OB OFHUL R, TV A ~—ik L O ZEHE
PERIZREEALAE (ALS) (BRI L Tik & b £ < OFFERL
KINTNWD, W OOIFFEIE, BRBH ORZEIC
PEETHANL ALS O U A7 ERERH B0 i ian
ZEEREL TS (Kheifets f 2009), ZHFETO
LA ZOBEAEFIT AW A T = X L3
SNINTWRWA, 20V R EHIFER  a v 7
75 LS BIE O (BRI D AR R TH S
MBHENR, SHICE XL, LIS IX<#E
FEMTIE, BT, BE-EKESY N 2 2R EEH
WERFgRIR MR, VA7 EREBELTH RN
(Kheifets ft 2009), 7 /LY A ~—RIZBI L CTi,
FERIE— B2, BISA T 2 OBLER ATReMED
R & PR EHFBEBE S — 2 DAFFEIC I T b 3RO BIE D
Ronizn, AOR—2DHEIZBNTH, 2TICE
WTTIZZRWA, WL ODRFETY 27 BRI
SINTWD, HRNOY T 7 A—T041c k0, 20
T = Z T —EMER IR E WD FIZ TR STV D
(Kheifets ftf, 2009), FIFAAIREZRRFE RN T —L Sz

2
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(Garcia fifi 2008) 723, ZAUZIEKMFIEHRE R OFEAY
SEMEZRR LT ORERN S o7z, MA T, WK
SA T ADFHLH WL D0 5, MOBENIELS D
IEERIASHE D HIENE —MREIIZ T Tneny, ZhvE
TO L Z AME—OF A FRER B ABREEZ0E, BINT
SBEHLDOTNINA—IFDIY AV ERAERLTND
M. ZIUIIER DR WEFEIC KRS W b D TH D
(Huss ft 2009),

EREEIES BL T AV NA ~—0K L OREA
WFZe3— B0 20, 5 L.
IINA 7 —REB LD ALS & OBED
TR,

ATz
EERIE< 'L T
AEHLI IR E R

DEMEREE YR L ORHMIE BOER
BIRFZEIC LAUE, BRI 3 v 7 13 AR —
RTH DR, LI OIRSE S O BRI L OB

BT 2 DIRILAE R~ OB FEREEN, — KRR E1X
BT HFERICHEBRT 21E<BLL TRz &h

ATREMEIT RV Z E R E LTV S (WHO 2007a)
SCHR T DRI S R IZ 31T DRk % R b ST
WA, ENLOREORETNEREOTHY, —
DOBFFENI L OEE ORI BV TRERIC— B
MN7enro 7= (McNamee fli 2009), CMgfis R ED
TR LU RO IO R T, 1< # & i
ZR LTV (Kheifets it 2007), (X< 8 &0l
B AL OZAY & O R RBHENAET 2028 5
IEHERIOEE 2y, BIET D L, ZAVE TOFHLZ
AR < #8 & Dl & SRR & OB Z /e LT
AN

AT K UHE - BRAICH T, EFIIEE FO
HAEFEA DA F IR R E TIIRBLORE R L < &
LOBE AR L TR, BEROBFUE TICEEL
T2REED Y A7 EFAZ DWW TCIREM ZRFEILAN N < D>
bDHHLOD, TOHE SN BEEIIM O TITR S
NIRRTz Z b, /. £ L5 REEIZ O T
DOFFHLITZ Ly,

WL OPOHHIAOTIZEB T, 150 kV m™ £ TO
ﬁ%&@%ﬁ«@i<%@%@ﬂﬁﬁﬁbﬂf%b
ZDOHFNTIER Z 2 EFREAY A X% F T AR

LIS BOMEL H DD, FER i%ém@ﬁ%&%
XN E—E L TRLTWS (ICNIRP 2003a;

WHO 2007a).,

”ﬁ?L*ﬁ@ﬁﬁ?ﬂZ@@iﬁ/\@ X< L, 20 mT £TH
WIS a, RERIVERIATEC A E 7213 i O ap
T % 4 U727>5 7= (Juutilainen 2003, 2005; WHO 2007a)
WD & IRER OB SO & FER LU
FEAD R L OBEOFEHLIIEF T,

A 1980 FFERA D 1990 FRUTKHAT ALz h e
0 OOEFHEIL, 1998 FFEOIELBEHA KT 2D
HIFRAE 2 25k T D K & X 0> 50—60 Hz BEA~DEH
FNE < BN A BT 50D HNRNT & R L
7o WAL, BERE/NERA L OBIEIZEE L
TWER, ZOROMTRITRAOBRALBRE LT, £
R LT, YUNTEE SN, 50—60 Hz BiSt L fiix
DN EOBEEIX, FOBBMEEFED D D IoDIT
AV SNTAFRICBN TR SN ) o7z, LAL7R
N6, ANREMIFICEE U XRS5, By O

FEITHREN T TOIVIZARTEIE, 50—60 Hz OJE{EBRERE
ROBNFOIXL BERX Sy E/NE AT Y 2712950 B
HWRH DB HAVRNT EERB LI, ZHKE
BB ENI A TH D | Z OFRERITEIAA T 2|
B DRRE DGR L OMBROMAG Y THH S S
ATREMEN B D (WHO 2007a), 2 DD 7 — Vo34t
(Ahlbom ftfi 2000; Greenland fti 2000) i, 0.3—0.4 [T
B2 DI BIZOWTEEIY 271355005
NIRNZ L BRB LTS — 0 E O OFEE HIX
ﬁ%@%%ﬁ@ﬁ&mhamﬁ&wﬁﬁﬁ%%mﬁ&
TR T & Ao o< R LT,

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

ERT XL, &b BREEO/NE AR TH
%, @bk ) oo SEEERME AR O Y e BT T LN EL
IRV ETHh D, 1TE A EOMEITERETT L
T 50—60 Hz &S 0 A £ 7213 Y v/ A~
RN EEHAE LTS (ICNIRP 2003a; WHO 2007a)
B CORBMBR IR S LD 523, iR O
v 3, ISR LORERAZELH DD LFE
OB MTBNT—H LI EZR L TWRu,

T v N OALEE T A~D 50— 60 Hz R DF
BIX, FHRBOMETHAE TS (ICNIRP
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2003a; WHO 2007a), —EPEDRUWFERDE HIT223,
T, FEDOHRFEEY O M LERT v Fan
DEWVBEERR B D WITEHIRE D S 2, 1k
WV E TR TR S e AR E Y o)
JEDET L~D 50— 60 Hz BT < BEOFEIZBET 5
KEEDHFIIIEEN TH o7, FFRIBAIFE, (LFEH
B CHEIE SE T RE D AR L OMMIEEH S DU COHFZE
I, e A EDREERER S L,

2RE LT, EEEOBTUI BOMIa~DREIC
BE20F%81%. 50 mT L FIZB W TERIBFEEOFHE K &
AR LTV (Crumpton & Collins 2004; WHO 2007a) ,
BFRET 2 & ANR AR & R R OBR~0 RN
X< # & OBSEOEFAFHL & 1T, A OF)
WERT — 5 | FRCKBBERET R DA O T —
2%, IEEREMICEENTH S, Mo T —#
I, LR TIERVWE OO, & E L TEmFE
EXEEL T D,

SEHEEZESNSERRAA FS 4 DL

ICNIRP (%, Z DfRFHIRBWT, 2Ry L OEM
FI7p RSB RHL L, R A R Ol DR Z %
BIZAND,

SMEE KA EMF ~03< BNMRRICE X
DM B DML SN b DR S D D, T,
PR F K OHAHRR D ELEERIN, 72 & ONCHEIEPI L BLS:
DFRTHD, £, BHEARBIAREELRH 5 b D
V&, BURALER L EE) & DO & 5 2R RS E
FUIC X0 =@M EEZ T DR TH D, D
A TORBIIREIFE L, BEM N T8k
o, RNEHEE SR 2 w2 BRI R 4
W Z I K- CTREILEETEETH D,

R O BHIRIZEAT 544 FZ A > (ICNIRP
2009) (ZRHE L CTH S HESRIC L72As - T, TREEM)
REECIX, WURBE LIBITONGE, (EEE
DHEIEPIEER G 3 & O b D TR tRRI i & 2 Thetk
Do DWDTRIAD L S Fe—iME D EE | KD b
CTHhEBEANCRBRT D Z LTI R o 22 L THDH &
ICNIRPIZE 2. %, 72876, 20D X 5 et BRI
F IR R AR B A R U5 L id b
RONDTHD, TDED RIENRE TOHIEKDH
5 L ~DIXL FEIE, RIS L OHHRARER DA

BERRPR A 2 (8 5 7= DIHIR S U5, ICNIRPIZ,
AR D Jn 5 BRI & iR 7 BRE D 72 (T HE i/ h S v 2
CICHBEL TS (RSB ) o mishiRsR O s
&b, M1—-3kHZLL ETiE, #ifE AT 2RRE LT
MR ESSFER L 725 T ERIA T, £724910 Hz
BT TiEp-< Y & LIz Biatmsili~ DGR3 7 E T,
ETNENBMERS LRSS,

HAMIPO e BLG: 2 [BhBE AU, dtiaElC i & % ATRerE
DHHETOEEN#IND Z L2 D, MDY
BAEI320 HzfFiT 12 3BT/ T, ZaL & 0 @ Ja R
BIOERWERE TIIAMIC L5345, Zhaskiss
K ORI R B & 23757 2 mic BV TiE, KAl
TRt 2 Il BRAEASTE ) S 5. JIfdi A 321 ¢
BHT, OO BRIICE ST, IE< @R E
T4 5 FRA R R W ATREMED b HIEEE A EIE L
T, —RMETIED D PMEEE PET D IEER ATREMED
& D WEERET D201, FAHIFR IR R fE I
BEESND, ARITOWTIE, MDD R KRR
s NEHIND,

KR EDOBRA~OIEL Tlx, REBEMMEMAIZL D,
T BN STV DA FRIR)ISE 5 & 27,
ZO X HIRIEL BT L > CTHEREICHE SN DK
BN L DIWAEAOIEIE, BF L& vt
g5,

1SS R BRSO SR 2 B3 5 ST
i % ORI LOFMEEB R X > TR FHE
INTE7z, WHO OB AIFEHEBI T 5 TARC ([EEE
DAFSERRBE) 1, 2002 AETAKE I ORI ORI & 1T
W, 7Y 2B (e MCHTBENAERD D
Db LMW EFHSNA T T =) ITHE LT,
Z DSPEORIM TN B fIF I B9 2 FE e O R
Th s,

ICNIRP O RLARIE, ARJE I DR ~DO RN < D3/
RAMmpEOY A7 L5 L RIS D Z &12o0n
TOBAOBZIRHUE, 1IZBHTA KT A v ORI
ETBITIRIEFITIHD, EVNH 2 ETH D, &bt
Z OBEAKER TP TG, IE<BEBEER LT
HIERE~OFZRITM B AEE R0,

RARY - BREMICBEAET VT, FiR3HE—
TEFEOEBEREFFOLIUE L, KX i B0
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2B DL EROHEE IS M PSR — T T
NERRALTCE R, BT 28R B LOWRMC X
DEEERE, BALRE—FEI AT T L& IV CEA
ENte, UTHE, FREEB L OER PO B LAY
—E7 /L (Xi & Stuchly 1994; Dimbylow 2005, 2006;
Bahr ftil 2007) 123 < | £ 0 EBITEWVE R OB,
BREB L OWA~DIE BT L > THERNICAEL D
FATONWT, D DICE LWAERRAR SN D &L )i
otz

4 mmPl FORZ BAA A X - S E Db
BERENS, KT RTAORMICE>TRD
AR R A ) OFERSELRE (Dimbylow 2005;
Bahr ftfi 2007; Hirata ftf. 2009; Nagaoka fth 2004) ., 4}
BRI — T, ME AT (BROBA)
FRFEE MAOEE) O, FERNICHEEIND
ERITERIT A2 B, FHEICLIUT, 50 HARERUT & 0 A
AR CFE S LD BR ORI E— 7 O FKAEIE,
ARG mTY 72 0 B L Z223—-33 mV m™ T BER DA
& L HIRET MTKAFT D, BURER ORI ATBR 72 KRR
PRSI 9~ 2 B HR BT A LTadd o T RAY
PRI 2 EDS, T — A b A — A DFERGHRE &
L C& N7, 50 HARE RS L 0 S IcFE S b B
I, AN mT4 -0 B EZ20—60mV m!' TH 5,
50 HzfE AT & 0 AR 8 S 5 B R o JR ATy
E— 7 DR KEE, STER KV M E-0B X%
1.7-26mVm' THY | FGIZIOTIZ INBER kV
m' VB L1233 mVm!' TH 5,

BB LAV OEHITET D H R RT A —2 DRSS
BRI FREZ: R A M VISR D RN EEE L
T, ICNIRPIZ, HEAHIR) HEE L~ & EH T 5B
W2, R RAS 2 HEEZ VTS,

EMF (X< BHRIRICET 5274 F51 >

W) < 88 & AT FBITH LTl 2 DfEEHR G-
ZBND, RIA RTA BT DIEANE < BT,
MO, FI2TEND BT HNTEBIRENET O R &
LT, —RANCIIBEE DS T T, B3AciW T 1 He
725 10 MHz ORFIZ T 28R L ORR A~ %
SNDHRNTHHA SN D, MY, AR &V HEE
I, BTOEMD, Ffx 2R REERRIEO K8 AIZEH &
o, ZDE D RMEANDER TIIE A~ DS ED LR

8

PEIRELS 2D B2 bND, £ DG AROAN
7-HBiE, HSD EMF ~DiEL BTSN TN,
TEMICIZ BINDIEEZITHT 20D L VLW
W< BHIRAARICHKT L CBRASNZ DI, 2ok )
IRBREHPBILEL 72> TN D,

MEEIZHB 1T DTN S~ DAL

ETORHEAT — 4 L 2 OfERITH D FLE DOARHED
EMHRNER, FHENSOFICIE, BT EOE
W E AL BYRER], SRR O RN D D, HERIC
B BED XD e il SIHRBREE AN B Z LT
LoTHIEEN D,

L LR D, RS ZAELFKOETIZET 5
RN+ 7072, & TORMEHFE & 2 TOLEHR
RE =TT o TURIBHR A 3T T % 7 8 DR 72
DARMUT G- Z SR\, L8> T, BfgET — 4 _—
A DIFFRARAR I DORTEIZIBN T, EOREETO
FHOR S A% &5 N3 CEMRPEIRT o RE T
b5,

AEAXFRESE LA

ST S VT (R b NI BT T D 2 s
i (1 DFEIFEE) 12HES X B O FRME A FA
HIPR & MRS, ARH A KT A BV TEMFIZ L B4
AHIBROHE WD BRI H (RNERME E ©
Do THLTZDHRRAIIERCZE O fth D B ESE PEAT
JUZAE T 2B R TH LB TH D,

HIRNERRE AR CH 5, 22T EH
721X BRI D7D, IZ<BDBELNLRE 26
N, REDBELNVIEL IO/ FoiiE3 R %
DTS 2 FARRIREA HEEH I D23, VWD
MNDOBE L ~VIFEMFIZ #BOME (BR) B L UM
BN THE RPN T 250 TH D, B
TR, EBRRE (B) | BRSRE (H) | RO
& (B) . BIOWEER () Thod, HEHEE
OWYEREITHAER o Thd, 0L RIT<E
RBUZBNTEH, WT N OWBEEEORIEM F 72135
BEZEYRBE L~V L T 5 Z LN ARETH D,
ZE L)V AT, BT 5 AR &3 2
EIFRRES D, b LHDEM F 7233 RN 5 E L
NEBIETHELTH, TOZ ENLT L HEARHR
EHRT D2 LT R bR, LhLAERL, 5L
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AUV AT D RS T T, BEEd D HAHIBR 2 i 72
FIE D ERGEE L, SEINBRER S NS a RE
THILEBBETHD,

E AR

ARICEFUTOERBINE, ERE~OFFRFEL

&I DO DEMFIE BHIRDOTODTA RTA
EHIETHZETHD, BB X HIT, VA7 TR
ROBEDIGN AL D, TR R R
(PNS) 5 K OHHEARESR (CNS) DFlE, HENEPI
BROFHR, BHEED H BRI~ BOFRENE L &
b,

ERDELZNS, MEPDCERSOFHI & BT 5 72
DIT, 10 Hz—25HzD AP ) T BkERIT
< EEVLL B OCNSHEAE (T 7205 | iK & M85 1250 mV
m' DL N OBRIRE 2 FHES D L O 2B L UORER
WCHIBRS D, T bORIRMEIC X D | fkeeicx L
THRE 2AREMED H 2 — PO EIT R TRI#ET 51X
FTThHDH, TNLOEBIME~OFELFELIIR
RENTWRN, Ll b, —EOMENRREEIC
BWHEEZDET 5000 A2 O TEBEES 5 D3
F U L ICNIRPIEFE T 2 28, I8N 7 AR 25 Lo
SRV, T KD EW AR RS L OMEW BT
MR R BT A LH L. KRB KOO 1
PRSI OB & 400 Hz TR 7T 5, 400 HzL Y @&
JERETIE, AR O BRI AS A AR D4 T DHE
PZEM S b,

FEHINRETOXEIL, FEEEIXE0 LS 7
X< BIZ LV EE DATREMEO & 2 — il DB DU
THHA 526N TNDDOT, Kk LOHROFHE
FRRHIN 2 [B10E 55 72 8012, BEES L OMAE 2800 mV
m' UFOBEFIRE A FHET D L 5 BRI LOBER
WCHIREN D, Ziud, ERORENSEZEET ST

(. FRKERMES V m Nk U CIERERER 5 A L
LD THD, 3kHz LTI Z OFIREIE LH$ 5,

NIRIZHOWTIE, IEIERE 5 A58 L. BT CNS
FAREZE Ly 10 Hz—25Hzo J& 3t T10 mv m™! @
FARHIRN G- 2 BiLd, ZL D EWER G LMK
WEEBCCEEARRIIRIE EA-T 5, 1000 HziZ W\ T, R
T3 Z O D Bl 2 558 3 2 BARHI R &
KT D, T2 IR 10 2@ A L, 400 mV m’!

DIEARFIMESE S D, ZORIBREIIAEDOETO
AL OMBICE I S D,
AR A R 2 B LUK 11ITRT,

el 15

ICNIRPIE, @RSy, FI3IERICERMOY—7
EROLOEED, ERELEIBRICLVFEEIND
HIRNETURTT D HIBRME L, RERWEE) S g ke
& 7 2 & A HELET 2 GRIESRIEAIE < #RIZB
LELBROZE)

BERDZER T

HEBROFE %%W&ﬂ@k&o@%x/%
WZBRE L CTHE R DG, R akiaEn 4 7
@#N%E%@W@%%%Z#é_kﬂﬁgfb&
1B 72 AW R R & SR TRE EofiRICBE 3 2 2k
i T D T2 D DEBER 7R PTREE & U CICNIRP 13,
YA 72 < HERET D/ &S 72 2X2 X2 mm® OARFEHR

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

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 D AR 1 Hz-3 kHz 0.4
3 kHz - 10 MHz 1.35X10* f
T
fIFEBH (H2) .
- T OMITIZNIE,
- 100 kHz X ¥ @\ ARSI ClX, RF IR 255 L~L

BB T A MNERH D,
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100 -

10 4

AREHRBE [V /m]

0.1 4

0.01 T T
100

1000 10000 100000

RiE% [Hz]

- e e EEIL CEE  BEEBOCNSHE

BROIELCE ; BEEOCNSHE

— R ER  BRER & RERD AR

- = AROIECE ; BEE & RE OB

1.

CNSH L UPNS~DFBUR D D RN E SRS < AR < 87 L ISERE < BRITH3 2 FEATHIIR

(FEDE SO FLBITIE, HLUZCONS, PNSERLSINLTW DO EFNZ, £2ITHIGSET, £hEh,

SHESOCNSHIRE, SHES & (A O Sfik LFR LTz, )

BT BERORY MY E L CHEBER 2 E
THZEEHET D, HAREOHEMETOE

D 99 = X A NABITEAHIRR & O i )
RETH 5,

HEARMIZIE, =a—u B LU oMoEREENE
HIfEA~O BRI BT RN ETH 503, T OFHEL
PR B/ MBI BB R AP R EK J L OSERD) R v
A MY OBEROEFHNZE>TRES, =a—mBL
OMHER T — 7 OMSRE A 15E 2 F /e PR 5t
RIS 35 S 7o BRI T BT H
%o HLRE L 7o iR A BRI IR o TEWZS S
RKROFER) .« T OB ZEIROFHEER % B
EOWHBECHEY LEbOTHD, BHFHESIYTIL, =
OFHET 2 225 7 mmOFFAIZIE S D < (Reilly 1998;
Reilly & Diamant 2003) . A BT, 77«
T ORI O KB TH 55 2 mmE Z OFESER
B L RETE D, 2D ORREEHTHEE U 7o o
FMERE 2B 2 5 L 2ICHVLR D, MEPIED X 5
R & 0 RWER TORBEOEAICIT, 250
FIEARR LA D Mlait 0L G TRy hU—7

10

PR EBBIZ AT UL D22, T OREOBIE
X 7 ACHE S TN S R BN ED IR SR Y

LD bDTH D70, HHEL 7= oo R A
L0 bR, FEERO AL, &/ T
% 1000 EOFHENEMA LE 5 M HIlartic o< &

ITRBENTEY , ZOERBITITE A EOMEERLT
¥ 1mm® THB (Jefferys 1994) , L= ->T, AW
FHNC B H 2 LR, 1 225 Tmm £ TO
HFH & R DR B D, FEHPRMMN S, IV

A= BV LV DG EE T ORFEER OFH I

TR TEDRBELEL Z LIIREETHY, T LD
RIE TR BHREECH D, HDHHEMBED 1 >DORY
BANORKIEIL, SLHRR 7 2O OREEGT
PEAEZ KELZTROTV, LVRE LI — 7kl
2155 =D ORI B, 5D H I TOBESR
KD 99 "=t A VEEE— 7 EE UTEIRY

HZETHD, L, BE— BB EIRIET S
D, ZAUTEWFIIBLE D DT R ER 7%
RTh D, ZEETFE DT ORI ORRIT, JHFTHE
F /N S TR E T2 I3RS © TOEE & E

B213-3-10



#3252 THD (Reilly & Diamant 2003)
—EL—L & LT, SRR TR OB A
Bz TR L72WnW & STV DA, MR E D X
T, FEEMESL R TRIRZE O [T 55D
BN CH D, REOSE, FEED 2X2X2 mm® O
ﬁwmmﬁ%ﬁﬁié’&ﬁf% ZOBAIFET
FRICIEIE L Ch LW, MEDGE . FEMBIREIX
@ﬁ@ﬁ%@ﬁ%ﬂ%%bf%i%o

SEZLAN)L

BELYUE, AR INTT —F AT FE0E

FTIZ LY | BAFIREOHEEHIND (Dimbylow
2005, 2006) , ETALLDOBEL-YVEIL, E<HES
DN EERB LU & OFREEDERRITIR D5
Db ETRHEISN TN DO T, BKBROB5H#ER S %
LBILDZ &%, BRI E L Ro A b U O
NINBEICANONTZ, ZZIRREINZSE LN
ME, ZOORHRDRE, bbb, MNFEEER
(CNS~DEEICFAET %) & CNSEMAD B IR D4
m@ﬁ%:*iéﬁéﬁﬁ(m$mm%% CRET D)
EEE L. ZhOOMEEDRITESITHETHD
(FTebb, WHﬂW:CWA®%@hOwT@%
ARl BRI A SR U T < BRI MR 3 D AREU IS
e T472033 V' TH Y, PNS~DFEIZ DN T
IIAMEBRER TS 72060 V' TH D, R A MU OR
eI & % FAAA T, 26 OFFMEICHK L BRI 722
fREL 3 @A SN, ) .

S HIZ, 25 Hz £ TOREMIT BITxT 2ERD
BHE LU, 1EE A EDOEBZRSEMET TORRE
TIZ K DHE BT B0+ h~—T 0 %28
ATTND, 25 Hz— 10 MHZIHIZ DWW TIE, 25 L1

TFEEROBOIAHIRIZEESNTEY | Lizhi>
T OB TEZVEL2E2TOSRLETT
DOHERLETRIC X DHREZ B LT 2 DI +o3 7~ —
NIEZ BTV RN E FIiu R,

10MHz £ TOARIEL BIIXITHEROSE L
AUVE L BEENTZADI0 %L EiTx U CHERM
PR (B L BME) 2Bk 5, 51T, 50Hz F

TORRIT BITHT 2B ROBE L~VUT RED
NZBWTEITE e LoREEMEMLPILET 5720
DFoyle~—V  BELTND,

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

2 ZE MO T—ER (B—) 2B ORI

DIFEL L DREZEN TV D,

SERER & & UHMBHER D ZE R T 15

BE LT, RN ED D ZERICBIT 2 ER £
i@ﬁ®wﬁﬁ%$%méwk¢6£<%%#@%
WCIRESNTWD, LOLERES, £ OBA.

. RERZ LT B B L OMWR ~OERNIE < Tk
68%VAw(ﬁﬁﬂ\£%ﬁ)
= i i ie o TR
FEEER e i amh B D
1 Hz-8Hz 20 1.63X10°/ f? 0.2/f?
8 Hz—25 Hz 20 2X10%f  25%X107%/f
25Hz-300Hz  5X10°/f 8X10° 1x10°
300Hz-3kHz  5X10°/f 24X10°/f 03/f
3kHz—10MHz 1.7X10" 80 1x10*
T
- fIEEES (Ho) .
- HFELE DI #B KOO EE O BT 5

B E 3%k ORI 2 B W,

- FRCHRE R P OB O B IkIC W TR
DEEBI,

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

# 4. FEBENTERB LOER~OARIEL FBITHT S
BB LYV (BB, E2hE)
JEI I Bt TR WRRE H WO
E (kVm?') (Am™b) 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 8.3%107? 21 2.7%10°
T

- [ I3EEE Ho) .

- FEERE O BB L OO KO B
S 3tkik o Rl & 2 W,

- 100 kHz XL Y @\ ARG TIE, RFICFFA 7255 L~L
LB EBET 2 0ERH D,

ES v

BR13-3-11



0.1 N
= ™
0.01 §3_
il ; :\\\\
8 0001 1 AN
o 5 S ‘\\\\\
B ] SNecccaca= -~
~
0.0001 3 ~
; S
0.00001 T T T T
1 10 100 1000 10000 100000
BEiKk# (Hz)
— EIE R ——- NRBOIECE
X2 BT D2BR~DOIXL EIHTT25EZ LV (3, 4%522H)
100
- 10 { N
~ :-----------
= \
\
” ! e
ﬁ ] \\
B 0.1 3 B ——
0-01 T L LR T mrrrrrg T rrrrrg T T rrrrrmy T mrrrrrm
1 10 100 000 10000 100000
BiKk# (Hz)
— ERIECE ——- NROIELCE
X3 FEMZLT 2BERA~DIXL JIHTTDH5E LV (3, 4%522H)

BRI AR E TOEBHT NS W, BHEROY
AIFFE—RETH D> HIRD/NE BRER I RET D,
DX RGE. RN EDDEMOMEICKT D

EIGREL F I IRE DR REEARES D Z &1,

WAZ, DRV EEZ DTN ERRE Bl & 72 5,
HIRN B T A — MLVORBECH DIEF IR
AT 72 8 AETRIZ DWW TR, X< SRl oD 72 D DME—
DOBUERZERIBIL, NS R A b UIETHEE
RERET DI L THD AN 20emEBZ 5 &
BRER AR OJREMITI D72 72 208 FE—RRIEITFR

12

Do ZOXDRGAITIE, FIKITR S D EITFE
D—FZDWNTOZERMPEE ZRES D T L AATRET
%5 (Stuchly & Dawson 2002; Jokela 2007), ZZfi] -
PEIZBZ L~ L% LRSIV K D 1ICT D, /T
< HEIFBE LV E BRI TH LW, ZEAHIIR
Z LRl TER S0 O\EELRBENMNT S5,
2227558 A TRe 7ol < BRI BRI DR LU iR
$H2 5.2 2 DITEEVEBEORBE Ch D, Z0Fas
W, PSS KU A R VIS TiThh
RITNIRB R, Flo, FEDFZ A TOI—HRIT

BR13-3-12



TR LT, AR LW SE L~ v g
HAHLTH LU,

BREBMA~DIECEDOMES

SMRER B L OIMNBRER R TN ENICHE L8
R IR TRy MUICNE S b, SMIER
&N A BT LTI < BBOMRATIZ IV T 24l

IZRAED 2051E0F, BRI HEE Ry & BRI 72
BB, RN T, RACE CRRMEICRD &
RETHZETHAH, 2D &IE, INBER &IMH
BERA~OIEL BIIIMANTHDH Z L 2ERTHTH
A9 (Cech fth 2008), L2>L., ERALHEEM L
BRI BEBRONIREL B D L 25
58, ZOXORRRITFERIIHBTH D LB D,

EMERODSELAL

BRIz L CIERB L OGO Y — %
BB 5 720 DIER Z bR TR R 5720, T X
5 IERERIC AT 5285 L~ULIZI0 MHz £ TH
2D, REMOBEL NV ERSITRT, EWF
RIROS % 5| & #2 2 JHEAE R O CORMEIL. A
BUHOBEO/2TH B0, ARIEL BITHTT S
PERLEIR DB B L-OVid, KBRS 2 2 VT, T
EME BT HMHEVRLSBESIND, HEETA
TE, BELULE, MROPIIE TR L, HAHEOH
HBEBOEMEAZ R L TNDZ & TH D, BlERO
AT, ARERNIIE BT, KR@kLT%
BIN5D, BRREMMERO IEIX, HifFENC
DABETH D,

® 5. RO ORRZE D EMEROZE L~

e KBl
(mA)
25kHzE T 1.0
25kHz-100kHz ~ 04f
100 kHz-10 MHz 40
25kHzE T 0.5
25kHz-100kHz ~ 0.2f
100 kHz-10 MHz 20

E: £, kHz TR D E K,

13 < R JE1 e KR

TERIE < 57

DRI HR

BEHORBBDERS L UVHR~D
Gl G

H70 5 AW B OE R L OA~OFRIFHL ED
RIUCENT, FIZ < BIHEICOWUIENTH
LZE D IOHWITIEECH D, KEMRIEER
YLFC. NREOFE D BT 5 o R A
IND, 10 MHz ETOJEREDMRDDE RIS
DN, EANEFUIRUC LT > TR SN,

10MH: F

2%5j31 3)
Z 2T, E I SRR j COFE SN RNER R
B, By jiE. K2 THZOND, JEEE j TORHE
R D FEAHITR,
FABIRO EEAEH O 7= 0l2, BRP L OB
SREDSE L )UCET RO 747 U 7 HiEH
b,

10MHz Ej
= 4

Jj=1Hz ER,j ( )
BLO

oMz [

L <] ®)

Jj=1Hz HR,J'

ZZT,

E ;= AW j OB,
Ep =3, 4THExHND, JHEH j TOBER
BEDSE LN,
H;= AW j TORSIRIE,
= K3, 4THExOLND, JFEE j TORBSR
WEDSBHE L L,

VU BB it 38 L OV B it
ORI 5,

WL Tid, ehth,

oMz |

—< (©)

J=r24%

T T IR AR CoBE R Y. I 1

#£5THAOLND, BEE ] COBEMEROEE L

~Jb

<]

FEIEZE~ADIELE
100 kHz L FOMEE B Tk, ERB L O, Kok

BR13-3-13



FE, B A EDREE . RIRWEEERRIZSNT %
BRI E > TEH BN TN D, ZOFEE, &
R LOBROBIGITEHEZ (LIXLIZ L 2Rk D)
RE—=V R, £OXHIRERLLIOWRE, H
Z2AX7— VU = EHIE (FT) VT, BERCA~S7 k
JVEOTZ R L. B ORESE BBt 5 e — v
ZEMAT D LRFICARETH D, ZOFHEIX A
A7 MVEEGERNF TR S NS, $hbh, &
TORKEFFRREFISE E 5 &0 ) REICEESNT
BY., TORKR, —HOBNE—IHEIELD, T
DIENBLFIE L 725 DI, A7 MV DD
RONATWT, ZNHDMER T —L 0 F TRV,
TRbE T X LRGETHD, ifinae—L
MZHEE SN TWDEAITIE, ZOREITSHEL L
WZEMORIEL Y &7ed, SHIT, FT A7 bv
FENTIZRT B 7Y v I RBHIZ Lo TAT Y
T AJEWETAET D12, 1< BELOBIERRFN
DANZBENTHEINT 2 ATREMEN Y B D

AR MBI D8R & LT, FEARRIRRE
T2IEB B LVICBET 5 7 1 V2 B R VT
AR L OSMEBRESR . FHEE R b NCHEEE
WA EAT T 23D HENRH D (ICNIRP 2003;
Jokela 2000) , F=iFHIE ALY 7> B 72 2 INHH D B SIS &
UOWR OGS, 7402 Ik o TRELRSD
HIFRIZEZAC R D L o Ickb ENR D,

b

A
—cos(2nfit+0. +¢.) | <1
7y Cos@fit 40, +)

i

(7

T T Tt VXFERT EL; VXA 1 R A S T ol
EHIRME ; 4. 2. BEO O L, & i EaiE
BHIZ BT BB LOROWRIE, fiff, B
BT A VB ONAATH D, MifBAERE, Z0)
FRIIMFEXQG), @), G)EFETH D, EAMTO
FEREHE (EAM T E— 7 EIE BEORE) (2B
THHELWTA X AIEE (BB) ([Ki#ish
T3,

E LS

ICNIRP (%, &RAA KT A DT X COEEE
T Z eI o TERBLUOBANELEINTZA
ROBGENTHRESND Z & RIS KT D,

VESE3E OBIFERRITIE, TR0 B il EER 2R

14

TARBET 2 7T L0355, s TORX B
RENCHARIR A2 256, U722 R 4
TLARTEZR SR, H—HE LT, FRERRT
WOThH, MDD DESIS L URER O U 2774
LUV TR 5 TFERE R A BT 2 DB KW,
IR GBI R ZRRGT &  MBEITE LTS 7 —
0y 7 1213 L RS OGERER OB AR 7
DERAREEND,

B AD HIBR, BERAYE X ORI AR o i 72
EOHIEREREZ THEB L e TRV 2O K
W, PR 7e & OfE N FIBGRER RIZ, FEE ORI T
BIEATHLN, (EEEOREEHRT DREOT
BtL BT ONL, FIRERKHIVLOTE, LR
EELLHIERE A BT D, SbIC, BEILD
B D 1= DICHix SO X 5 & AT 54T
b HEBAIIREEEA IS L COROB#ETH D
DT, EABIREZEZ TLR LR,

INRDBE VIV E B Z D ATHENED B D BV
Th, PRERLZEOMOEARBG#ER R A R T,
FEROXR A ARICHEHAT A Z LN TE D, Fio,
RO EEBET LR ZRT, FTDHZ L bHE
ECThHD,

o EHE B L OEE (DS — 2 A= 2 5T)

& OERTW
o ERGURILLE (RIBLIEE) g
o FHEBR, HHMER IR EBIC Lo TAELE

KIEIZ LB A E DI OFERE LTHEL S

I &% ks K UYE S

R EDTREIEICBET 2EFF

Fiko@y | RWERE (0.3—0.4 (TELE) OFEH
JEE OB~ R OBV < BEHY/INE R O
YRY EFEBEEL TS Z L&, EERIRE—E
LTCHRHLTWS, TARC I, =D & 9 ez 15
MAMER D Z03b Lt &8 L, Ll
5. BER LN AR O R SRR S TR
5. o, FOMOWRD REHIEE L e S
VTV, S SN REBREN T Eid, K
AFIBRIC BN T ZOREEW D Z LT TERNI L
EEWT S, LoLans, FYLa—vaf Uxtk
T 2BEE2 G ) A7 EH LoBER, WHO

BR13-3-14



(WHO 2007a, b) L UMLOMKRI D5 2 54T
AV

# F# — ICNIRP X, [EBBRRIEY S, AR
BEBE. [ERR @RS, FRMNER S, KA Y EeRss - AR
Rt - T NREBAD D OTRITE BEH o LET, &
7=, ICNIRP %, ABDOA > T A Api#k%z @ L CEHEBRL T
T& o572 ICNIRP Wi HEMEDO T 2B LN E2—TUD
e EBICEHLET,

KAA R T A 2 O Wl 1 o [E] BE B e i o b e 2
B23B LVICNIRP ELF #Z 2 7 7 b —7F OHERITLL T D@
D ThHot,

ICNIRP

P. Vecchia ZHE (A& V7)
M. Hietanen EIEEFE —2008%FT (7427 K)

R. Matthes EIJ§E§ _20085#75)% ( KA “/)
A. Ahlbom —20084F T (AVx=—F )
E. Breitbart —2008%-FE T (N1 )

F.R. De Gruijl —20084E%C (47 %)
M. Feychting (A7 =—7 )

A.Green (A—AKNZVU7T)

K. Jokela (772 F)

J.Lin CKE)

R. Saunders (3[F)

K. Schulmeister (A—2A& kU 7)

P. Soderberg (AT =—F )

B. Stuck CK[E)

A. Swerdlow (3[E])

M. Taki —20084% T (HA)

B. Veyret (75> R)

G. Ziegelberger, FIFHFHR (A—A MU 7T)
M.H. Repacholi, £EZHEE (A A R)

ICNIRP ELF % A7 7' )v—"7

R. Matthes”7 L —7ZEHE (K1)
A. Ahlbom (A7 =—F )

K. Jokela (7 4> F 2 K)

C.Roy (A=A FZV7)

R. Saunders (Z[E)

S5 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
83:692— 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

15

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 cognitive function in humans: a review. Radiat
Protect Dosim 106:333-340; 2003.

Crumpton MJ, Collins 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 electric 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 J Epidemiol 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"0"sli M. Residence near
power lines and mortality from neurodegenerative
diseases: longitudinal study of the Swiss population.
Am J Epidemiol 169:167-175; 20009.

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

International Commission on Non-lonizing 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: Bernhardt JH,
Matthes R, McKinlay A, Vecchia P, Veyret B, eds.
Review of the scientific evidence and health

Bg13-3-15



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 Commission.
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. IEC
60601-1-2; 2005b.
IEEE. 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 Opin neurol 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 J. 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 J,
Savitz D. Extremely low-frequency magnetic fields
and heart disease. Scand J 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, van Wijngaarden E. Future needs of
occupational epidemiology of extremely low
frequency electric and magnetic fields: review and
recommendations. Occup Environ Med 66:72— 80;
20009.

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 Occup
Environ Health 82:919 —-933; 2009.

Nagaoka 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 application of models to
radio-frequency electromagneticfield dosimetry.
Phys Med Biol 49:1-15; 2004.

Nyenhuis JA, Bourland JD, Kildishev AV, Schaefer DJ.
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 bioelectricity: from electrical
stimulation to electropathology. New York:
Springer-Verlag; 1998.

Reilly JP. Comments concerning “guidelines for limiting
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 [: 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.

i 8
HEE (22
EAMFTE—VEIXSEDRE

HAHTE, ETBIROEBEEARY FF Lxh
ML, ki () 2@+ 52 & TTAmE5, L
LaB6, £ 0546, REEKR CORIFOT I 1

BR13-3-16



TENIT A BN T 4 VB T EHND DN,

"
SLIERTH D, 74 FORIE (ANERCK N :::ﬁg?%ﬁ
THMHAMEFOR) 1%, X< EHIREIZ A5 2 8 " 10°
WO G = EL(fief) / EL() \ZLT7=08>TET &
B, TIT. EL( B TOE BRI, 10°%
fref 131 Hz 75 100 kHz. £ TOEEOSZJE Rk o
Thb, 74NV INTZHEROE— 7 HIX, BEF 10° 10" 102 10° 10° 10°
EHICRT D (RED) v—7 ik sz ERS (Hz)
B CEARIRE 2 EB5 L~0L) &8 L7 100 —
WiEFTHD, K6k, HEisnkv—s@Eol | e RC AS%
BT PR S, SN, B #
BLOBROMMC b B, 7onss § O
NEEABIOBAO Y — 7 2B EE5, X1, -50
2, 3R ENI L DT, HIBRMEIE, 17 UL £ (F 100
B FFfICERENB L TENT D LD 10° 10" 102 10° 10° 10°
WEHFIC T DD, U UL fOBIOS Ik AE% (Hz)
B3 B KHPET, 7 o Z O[T (R 7 SH)
ITENZEIL, 180 L, 90 B, 0L, 90 EETH D, H Al FHEERO BRI D IRIEISE & AR
BT 7 4 VB, B 7 R I R BUSE D B
N 3 dB LA EFS KL OMEARZ 90 FELL Bt L 7e FRsEfREs
WE D REBETRIE T A VA ETAXT OZ VT 4V
THPTHZ ENARETH D, —flE LT, X Al Adverse effect : A E 7
o, BEEROEALT 7 4 V& D, BREEBEE & EHRFE IR, EITEEMER~DIXEITK D,
L CoMi L iz =7, lihfid, RC (L TN DEREIZ & » THERFE,
Xy X F) BT gV Z B T B IS I
SNWTW5, BT E—7EOT 7 —Fi%, = Averaging distance : 2R
t—Lr hrBLOIEab—L 2 FOMGFOERE X FEARRIROMSFE2 R ET 5 & =12, KNER O
CBESFUZRHWD Z LN TE D, BEFEOLE. WERHH % b DEP & e D PRRE,
%+%KE<&U\§%@§%@%%OTU%X%
F—ADE—7EPRE NS Lo LT Basic restrictions : FEAHI R
YRR 9%@&@%1&%@%7‘;5 JEab—L v MER BERE~OFEREBIZEDLFHEEOH D, £2TO,
BLOBAROEE, BEAFITE—2ET 7 v —FI BEEN D | B {RMRE & OB AR EAER A 1 =X
AT I\/Vn‘»"eiﬁu‘(jﬁk [Fl—TH o, AZEFET AWERICET S, SFHZ EN/BE ST D
AT IR
#% 6. FEEZRE OBRE L OBER O v — 7 HIZ kT2 HilFRAE,
BEFPHIL S0HZzCTH 5, Cancer : 7%
FHEER (mVm?) S ERESR 20 il & STz BeE s BRSO 2, B X OH AN
i R (Vm?) (uT) DB DENLA~DIREDIER Y (FEk) 12 X - TR
LHEE] _ _ _ _ ST LNDER,
Rl A2 x 100 @2 x 800 @2 x 10000 @2 x 1000
, ;:ﬁzg BTx20  EEx400 BT 5000 &7 x 200 Central nervous system (CNS) : HHX#E R

& FFHED D72 D, FFHEEN) O R D—, KIH
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PRI E 7R,

Characteristics : &
BRF IR O EIMEE, B2 E, K&
S, JAREEARY NT A W Bl L,

Conductivity : E#3E

BREEME NIMEHCAE U 2 BRBEOKRE S
BRET DEOMBIOME, BAEY— AR/ A —
FL(Sm) TR IND, KPR,

Contact current : $ZfilEE it
B & D E I OB A I L CAER
BT ZPEAT D &,

Current density : BT &

&b B REFZ DT HFEIMED T DK 2@ T 5
BIRICE LAY S b, #RROERIZIS T 5 A ET
B, BN EAROBEHETEH > 7ECHFE Ly, B
WAL T T /S5 A— MWAM)TEDLENRD,

DC : HEif
Ll Aotz rdE
72 ) SR,

direct current DBEFE,

(R LAYV (P

(FfR D) i ik
HIEUEELZ 203702 2 i LR RRAEAL DD

Depolarization (cellular) :

Direct effect : [EEEHIFZEE
EMF & A9k & O BENFE ALAE ] O fk B4k
U % AW Fn e,

Direct electro stimulation : B #5354

SNELEEI F I IR X o TR S S IR
FOBRAI LT, ok & OE S E 21X
KACHEII DR,

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

2T, 2HDOWIBFEELZIEY LI T DT 4%
PRI VAF ROESF T A E AL EDEMDOEISE
HOMETH D,

18

Dosimetry : R/ A RV

BREFUIE B SN MR E 7213 B ONEE
T FE T IIHEEREE, oL — RN E(SA).
= F—IERSAR)OMIE, EIFFHHEICLD

Electric field : TR
AV A=V THIEES DN MV E

Electric field strength (E) : B 5RE(E)

TR BRI RIET &2 Z OB TH - 72 fH, &
RE = — b/ V= ERFRLV N A—
ML/ TR EISH(N/C=V/m),

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

Electromagnetic fields : #ERzS

RN TER LMADHEAEDE T2 bD, ZOH
FEIL. LR Ui, MBS (electromagnetic radiation) |
ERFIZND T2, FEHPITE & A ERR AR 2R IRJE K
WZOWTHWS & B 5252 b5,

Electro stimulation : &4

FIN L 7= SR RHIRRIC X 0 B AR BT 5
EEEM 2R T2 2 &, T7hbb, %7 Al
DIFBYDOEALAE L L 5 e T 7 AFNRRRIZIRIT 5

RO TS,

EMF : &5 LOWAR
Electric and magnetic fields®DW&GE,

Established mechanism : f3. S 172 A 7 =X A

WD &5 KA b HOAERERIIA T =X 1, (a)
bt FOEWFREO TN HND Z ERFRETH
% 5 () F R EHE O RR A AW - I 7L
WEFTHETH D ; (O NP THRIESh TV, £
T IXET — F PHE &R > Tk hSMEATRETH
% 5 (dFRD 7RG X o> TFF STV D ; () F /RO
HHFRIZLS ZIT AL TV,

Exposure : 1$< #&
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8N DMESE B D ER B KOS £ 7= 138l
HETIIHD X, B<BERELDEVD,

CERIM)

Exposure, long-term : E£HIAIL< #&

ZOREEE B 5 AR O APED KER S O W
W7 IE<EEET, Lo T, HfEO b0
ORI D DB E THRA T2 D,

A
BIE. TF UL, BAEFICETA1EH. ool
TEIZ L > TN DA DI B DFFifh,

Exposure assessment : |3 <

ERE

BRELO/ ETTADITL B biE+ 25—
D, REZ, 85, B L 2E T L ERD
T B OMAEDEIZ LV RESND,

Exposure metric : {X

Frequency : J&i% 4%
TG IC L0 MBS N TERGk M a8 o 1 BRIk
B EE, GEE, LY TR SN D Hz),

/\}2'?{
COMFEIAHERARKREET, RTOEBD A,
SERIREFCRIEDO N2 G T, ZAUTIE, HIRDERZ2
A\ mliE . SEIRP OVESEE . FRL N7 BRI
WL ZITRT NI L—TRMANEEND,

General public :

General public exposure : AT < #&

’Aﬁ%@ﬁi?ﬂﬁ%ﬁééf@ﬁﬁ?&@?&ﬁ%J:U“Eﬁ
FUEL<HE, TNOERITITIBEMNIT BB L OERIT
<EBITEERRY,

Harmonic (frequency) : maae (&%)
P BB 7213 DD B3 8 0TS 5
JEREEL

Heart rate : [01A%%
1 7734 72 Ol E R O E M,

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

1~V iE 1A 70

19

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

Induction : FHiE
SN (BREEHT) ORFRIZ LS 2 BR E IR O
JHIE & o CHEMEBET L U D BR E IR,

D

T FORERIPN (BRIAIZIX100~ 1 7 nfb 7z
IZENLLT) CHIEE I S 2T b e n
FEE DL % Tk T 2 7= DIV B D TERF,

Instantaneous :

eV A e
ARER OF I & T, 8o @B rh s ikE
FNDHET Z LT E 2L A DN LIV ORI,

Let-go current :

Magnetic field : &5

A7 R H, ZHUFZERTOH 52 KB
DR ERET Do 7o _T /A= L TEDEND
(Am™),  TREHERE IS,

Magnetic field strength () : &5 585 (H)
RN T PVDOREZ, To_XT /A= MV TERD
S5 (A/m),

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

EE P OR—F 3RO EN (B ICRIETH
BIRET DT MVvE, TATF(T)TRbEND, I H
T A GEELEDHAL) 1310 7 AZITH LY,

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

Mean : FEHHE
—EOWEME E 72137 — & ORI,

Median threshold : BEfE D - JLfE

B OREEHEEI AT, BRE D50%13 2 0
ALY RERBMEZED, thD50%ITZ DL v /s
ZRBME 2RO X9 7o BIE,
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Medical exposure : [E# < #&

[EFRIRBIT E T2 I 3RRR SRR 2 % TV D
HELT, FREEFENROR T T 4T LT, M
ADET DRI DB I L ORSR 0I1T < #,

Mutagen : 255875 B
FRERERE T LN TELMWHE,

Mutation : ZE5K7Z5 B
BEWHEIZK T 2T CEEEE boE b, =
72 LB AR LIS E D B D T2,

Nerve : ff%
HHER DR,

Nerve fiber : R HRHE
— RO R,

Neuron : == —1 > (FH#EEHINE)
W —AROMZE, MlE, BRRZEEN S5 —D
DHFR AL,

Non-ionizing radiation (NIR) : FEZE Bk

WHEPCERE (A1) ZRISREIT DD 5y
IREF X =T FFIIR, BREANY BT AHFOET
DOFGTHR & BT, € ORFEIX, 12eVELF O F—
FAX—=THY ., Zhud, ER100nmEL B, F72i
JE A3 x 10 HZBA T &S5l T H 5,

Non - uniform field : FE—#E72 R
BEXRTH D H R ETITH RO OB
T, RIE, Hm. AR —E TRV, ER O
B HEROFEC L > THEL SN TORWERE T OE

FUcxt LT, ZoE#REZEHT 5,

Occupational exposure : J§kFERIL < #&
EBO, E72013F0 Y TONTBIBZATOREL L
T, AT 22 TOEMFIZL #,

Peripheral nerve : AR
PR OINZH Y . B AT DL,

Permeability : R4

W & ORI LI D AT T — R ETIET
VYNVE, W EFVERE IR N T —, BGVEEE
TIE~ M7 ATH D, FFEE : b=, WEE
TV TIE OB R & BZEH O@EE (ERER) 1w T
Floleb Oz it (u) LS, AL~ U —
/A — K JW(H/m),

Permittivity : 35 2R
HEEROWS 1 FE 13BN RIETHE D
BERETDLER, 777y R/ A—RMVTRDbEh
% (F/m), FEE=RIL, WEE L IIE OFERLHLE

TOFEBRTEHI ST LD TH D,

Phase duration (¢,) : AL AR

FEEE v OPTENE a i & AT D AL mOM
DI, JEE f OIEZEDO%E . 1= 1(2f). 53
BB oSG, [HEEOY—27 SnbE— 27 fHD
0.37 (HNTIEET D AL FE TEME LW & fpIR S
D,

Phosphene : Pt

JELS ORI & - TR Z 2T RO, BR
LRI & o THFE S, MR PDEIIREEAIC
D,

s
=

Plasma membrane : Al a5
s L O Ol E 2 st lF e —EE,

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

Power frequency : ¥ F 8 5%

RILERNFEE SN D EEH, EXFEITBNT,
ek, 7790, BARO—EHTIZ60 Hz, H#RDZD
fltnZ < K TILS0 Hz TH 5,

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

Bt 7 N—TDO Lo,

Public exposure : A%RIE < &
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NFDREENRBRT 542 TOEMFIEL #, BEEMNIT
BB LOERLET OIS BIIE TN,

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

Reduction factor : ISR %

A R A VREBIEITIBT D AN S O 72
SRR 563 B HHIE O 72 01 A BB I AR & I 2 5
Tl B BmERE LT D R S D
FKOFIE LTIE, 8nT—42 %&b N TOREIC
SMET D Z & AR TREE & AT LT2FF
BEOEAE, &— RIS T DGR
NE (BERR) 7enibsb, HA KTA UHifT E
OREIZIT DR MED S, BT FIEO B 2 1k%
T DRSS T HONRLVE L TWHRIETH
LEWVI DN, ICNIRP DR TH D, Z DOAHED
Sid. ICNIRP {2 K D IEBARBORE TIEBEE S
TRV,

Reference levels : %5 L~L

TR FIRER R AR b TRIE SN, AER
R T EJIKESND THA > ER, B
F. HERTER O EMMES L O — 7 i, FAHIBR %
RPN EDFEATE 246, ALEOEM B LU
FIELBIRTHBEB LT LTH Ly,

L7z o T, B35 L-ULVL, FARHIBROBEST % Pfk
WT DTS Z N TEDZEENE I “RA
W 72T A =2 ThD,

Relative permeability : %

(faxt) BEEHE (ZOHESR) 2 EHEROBERHET
Holob D, HR 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
AR,
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Relative risk (RR) : fHx} U 2 7

TR T N—T DIRBIR D i 7V — 7 DY
IR B IR, LEIIG U T, il & ORAER T
DFREEAT S, MRERBOLE, FEE R, Mty 27
T2y XERCTH 5,

Root mean square (rms) : SEZhH
BRI A2 L T 288 F() O - REOREL DB,
FCORE SN DT 5 R OFETR, £7H
BEZFEL, RIELNT ZREOTHMERD, €
DOVEHED VIR E1GDH 2 & THEIND,
——22[F(D)]? dt

ty—t; “ty

(A)

Fms =

S.L : [EFRHALR

International system of units D I&FE,

Spatial Peak : ZEffj &'— 7 f&
INENOYUNCYAY NG EFEii) s (o) RN A5k o
T2 REE OYE B 0D fiy KAl % Flak 3 2 FHEE,

Spark discharge : KAEAEE

FEAVRICERREAT 2 0 LT R Y | ZROMKR A
WDHEMOBHE, Z2REBHS D702 7 mEE
DLETH D,

Static field : F#H72 5
REfE] & & BIZE L LW, 138 A EDBREEH T,
EREB L ORI & & b LT 58, AR A
R R TAIFOHZ A B EEN D, DR DR D
TSR ) BRI, Yo T VEER] TP OIRENE B 2 P
THZELIZLVHPETE D,

Tesla(T) : 7 A7
WORBEDEBEN, | AT =10000 7 A (Z
DIEZR)
Threshold : BIfE
Bt & SO DB 2~ T RO L~

Ventricular fibrillation : /[>2={l5)
DEDORENRT, INA B TIRHEE % 5 > 72 I0HE & R
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L35, AHRIR O RFIT A 5 28, R Rl S /e
WEET ARAY A — R GREEJESUTATE) T,
Voxel : R 7 &L Z O RFEIAEREE P O DAL COME (F 72 IZE
SWILDFIHER, KAX 74— R GREEJFESCIC f5) #4a9
B3 TIE, Ry A MV ETFTAOEME L OCAEDORH
WERATLEZDIHNGND, Workers : 1E34&
MERIL< HE) B,

Waveform : X%

AE

1 JFSC p.825 HAIDE, B I p.829 (ODERED 2 HENCDA, WRLERRICET 5 itk
oo, MEERIL, ATA NI 4 ORNFICEBIIEDL L0, FITUTBEIZR L,

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

3 fIEE (B3%) OFEORBEOBRAT, JFXD ELIX ELF) WZFTIEL TR LT,

4 HFERUCIE, ASCRITER SR TORVWHRES W O23E LTV DAY, JFRIUTEIITHR
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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BRY T I—T D

2005 410 A. WHO I, > 0 /5 100,000 ~/L>7 (100 ¥ 1~ L) F TOJE IO ELF
DERBIOBERA~DIE B IV AT BINRVERE Y A7 Z3Hlid 5720, FHEE
FDE AT TN—T%BHE L E LTz, IARC 73 2002 FE1Z 3 A B 2 FiFL A 04 L 7= D126 L
ZDEARYT TN—T13% < ORBEZEBIZET LA L E = — L, BAICET DRELE 5 D
HLbDIZLE L, ZOX A7 TV —7OfmE X OENIEIL, WHO OREEERIEZ 747 V7T
(EHC) &/ 777 (WHO?2007) IZAERSINTWET,

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
T AR TS KOV A O fIliEES KX O AR R ORI la O BLUEME OB b A B X Z LET,

REINZEDOAIREM

ELF BEFUE < BIC L D2 BN Y 2R 7 TR ise 0% <&, /MR AmIEIZE S %24 T
T&F L7z, 20024, IARC X ELF it % e MIK L TRBAMENRS 200 HEn 2] &5y
HLIE /) Vo972 0RLE L, ZOHEIT. B MIRBT BB AMEDOREM RTINS Y |
MOFEERENC I T DIENAMEDTEHLN 73 TR WERFTH D Z L2 EWR L £7 (ELF Bt
PADOFNZIT T — b —EEARRH Y £9), 2O X S ITHE I RILT, EE RO 7 —
IWEHTTC, 0.3~04 v A 7 vuT A7 % LE 506 HJE I O RAEREERE A~ OYEE)E < #2512 B
L ONREMBENMEE T DLW —B LI Y =D oRmENizZl T, ¥ A7 T —713,
FNLBIZBIMS NI RIC L > TIOGEPERIND Z LT EfiHmLE L,

L L7Ze R B, JEFEEILE, SR ANA 7 A O FTREME 72 & FiE EOMBEIZ L > THWE DI
DEFT, MXT, KLV DIEL BERBAFBAEICEG T2 2 L 2REBT 25 L9 2 En
%w:XAkLTE%téw%nt%wﬁ%wiﬁho£¢6K\%L:@;i&ﬁVNw®
WR~DIEL B L > T DDORENR D H & THUX, ZHUXE D & ZARMDEYFIA T
ZAAMZEDHDOTRITIERY $HA, MAT, BIFZEILEL L TEER L L O REEZTR
LTWET, LER->T, ZTHUHRTEZBETIIL, /LA I BhE S 2 30 IR % &
R72E 213 EBNEDOTIIH Y /A,

INREMFIE 2 D FRRETH Y, 2R C—E/ISH 2SR ET 2 IEFIEIE, 2000 1T
49,000 AN EHEESNTWET, FENTOFEIRFIIEN 03 v A /e T A7 % EFESHZ &
R THY . O LI BRBERIEDOF, THO 1%~4%Ths EHESNLTWET, b LK
R E/NR AR E OBENKREBRTH D H1F, BFRUE BERFEIRTH 20 b Fi eV ES]
Hud, 2000 FEOFMEIZIESN T, &R CHR 100~2400 ANOFFH & HEE S ET, i
ﬁ&@%iﬁ@&%%%%ﬁﬁ%bifobkﬁof’ﬁ’ﬂf@ﬁﬁ£@1$ Emr@
VA7 Z@bbE LTH, &RAMICE 2 UX, ELF BRI S BRAREAIC T
REMTHY EL X9,
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ELF BEAUE< B & OB D RIREMEIC DWW T, ZEOBFE~DOF ERENRHIE SN TWVET,
amru%@mmmmxmkwm L OO, B, DIRIE SRR, AESERRRERE T, RER

. RIETTRESR, ARRATENERR A, MIREMRERR ETT, WHO DX R T J N —T 1%,
_n%@%%%%éf_owf ELF BT < 88 & O BIEME 2 3R 3 2 BH 7 rOREIL /N R F i
ISR DL E D IXD TV R LE Lc, WL 0Bl 22X, (T72b bb i e
RIRBROAN AR T 2) GEL S, ELFERITI IO DRBZGI SR SN LR EN
TWET,

E3]S: DR AN == I G S R

IR 2@ L L O BICBE T 2 @EFE BTN, SN TR . 2 2 SOEEERYZRIEL
%ﬁ@ﬁ%P?%y@%W%ﬁbfwi#wxmem%-E&nmm BRFSRClE, 2hbo
R IT. ELF BRER~OEBIRE L~ L0 1E L I L A RSO Al e %#éﬂ%M£
Wiz, ZNOOIFBEFHIRMEEZSI X TTFAHZ L 2IERLTHITEFIAFTTHLERRLTNE
7T

WHO OAHA Z 2R

ELLDE Mﬁm@%%mi<%_owfi fREE~ D E R BN RN ST
F9 (ICNIRP2003), BRI EHIL, FEEBLOARE NS OEENSEET 5 7-0OI11E
ENTODEBENRIESBIA KT AT & T, BRAV#E T 07 T A2,
XL BEOHIRMEZ IR T 52 ENRTHISHDRER L DX BEOREEEFDHNETT,

RUIRZEICE L Cld, ELF BRI <8 &/NRAMAE & OBE OO S 25 2 i,
BRI & DR EOMEASITRATY, 25 LeRkile B LT, U Fa#ER L £,

-&Wkioﬁ%ﬁi ELF ST < OB EICE T 2B FREEILO NN S & —)F
DIl T HOIL, B0 EER L, 7 a7 AaiiEdT 5 2 EREENE T,
HFUX?ﬂﬁ7DﬁX%ﬁT\ﬁﬁ@K@p DREESIVE LTz, TR 70458
T DRI TNET,

o MBAAET, H#MAE G2 ECOBBRELAREL T 5720, 2 TORERRE L O
T NTmaIaslr—ay - a7 02815238 ET, 207
77 ML, ELF BRORZ B3 2 %05 OFHE ORI 1 D FEER . M5 RIAER, TR
DOHOME L Wi s dGET L2 b EENET,

o W ARBEAERT S, ERE AR (BEKELAES) 2BET AR, Ko R
FCIE BARWT D HIELZRETHOLLWTL & 9, #8720 < BB R IZEZ &
WCHRZ2DTLLE Y, £ THH-TH, BEMNTERWIE S BHIRE 2 B3 5 BORIZER
SNFEHA,

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

Geneva, World Health Organization, 2007. (WHO BRI Z 47 VT - &/ 7T 755 238 & [EKE
e D)
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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).  (EIFEAS AMWFFEHER « & MTRT 2 FD A Y 27 OFHT

BT 5E S 7T 7880 % [IFEHERSHL. & 1E : #id KL OBIRE R OB I L ORISR )

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).

(EBRIEEBAAR#EZ RS OB I CIRAEROBRE L OB, EWFps, mEr® 0n
% 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.

(EBSFEEBE OB Z RS (R T HER. Bt L OEBA(300GHZ £ T)~DiE < &R
DIeHdDHA KT A ])

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 C95.6-2002). CKEESE 72 k% IEEE C95.6-2002 [0 7> 5 3kHz & TOEM{z~D
MNEIEL BB 542 1L ~UL o IEEE #H#E))
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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
(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
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SC coil 3 SC coil 4
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Fig. 2 Configuration of SC coils in a bogie (unit : mm)



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 - 5.76 Gauss

Sensor tri-axial fluxgate type

center of vehicle
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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 @D 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
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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 inFig.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 D 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.

Gauss

Bx
- By

ey By

Gauss

IB|

Wave form with the static bias subtracted

wweeew By

s B

Gauss

Fig. 6 Magnetic field wave form at position @

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
@ |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 46 3.5 1.76 1.41 15
the 2.0) Linear
viaduct synchronous
motor
®] Vehicle 0.0 7.0 2.70 2.41 8
level (2.48) Pulled by
diesel car
B(t) =Z%=1 {BciXcos(2z X (v/21.6) XixXt)

+Bs;Xsin(2 7 X (0/21.6) Xix 1)}

where 1 1s 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),

(21.6xX15/138.89) % 12 X 2(double track)/3600=0.016.

Namely, it is less than 2%.

10
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w

0.1
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0.0001
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Fig. 7 Spectrum of magnetic field at position @ at a
vehicle speed of 500km/h

5. Conclusion

ant ~f amuviranEaantal o
ient O1 environmentar mag-

netic fleld at the Yamanash1 ’I‘est 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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