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The investigation on the uncertainty of the induced electric field within the fetuses for the exposure apparatus with

the localized magnetic field at 20kHz for pregnant rats
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Effects of exposure to 21kHz magnetic fields on estrogen-regulated gene expression in MCF-7 ceils

Yuki Ogasawara®, Masateru Ikehata®, Sachiko Yoshie?, Yukihisa Suzuki®, Satoshi Nakasono®, Chiyeji Ohkubo® & Kazuyuki
Ishii’
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To evaluate biclagical effects of intermediate frequency magnetic fields (IF-MF)}, estrogen-regulated gene expression under
magnetic fields were studied using ERE-luc integrated MCF-7 cell. Exposure to IF-MF (21 kHz, up to 3.9mT) for 24 hr did not
affect luciferase activity. Also, no significant difference in luciferase aclivity was observed by IF-MF exposure for 4 days

although slight tendency of increase was observed. These results suggest that IF-MF is unlikely to affect directly estrogen-
regulated gene expression.

Long Abstract
INTRODUCTION

IH hobs that uses intermediate frequency magnetic field (IF-MF) to generate heat by its electromagnetic coupling with
metallic cackware are becoming popular in Japan. However, the fact remains that people concern about heaith risk of IF-MF
because assessment of health risk is not enough to date.

We have evaluated mutagenicity and promotion potential of the IF-MFs using several test systems, so far. The IF-MFs
(0.91mT at 2kHz, 1.1mT at 20kHz or 0.11mT at 60kHz) did not have mutagenicity itseff or co-mutagenicity for known various
mutagens in the bacterial mutation assay [1] and also did not induce micronucleus formation in V78 cells {2]. The IF-MF
(21kt-z, up to 3.9mT) did not induce micronucleus formation in CHUIU cells [3] and did not increase gene mutation at hprt
locus in CHO and DNA repair defective derivative cells [4].

To evaluate a possible health risk of the IF-MF, it is important to investigate various biological effects of exposure to the IF-
MFs. In case of using IH cooking hob, effect on the pregnant woman and the fetus should be carefully investigated in
addition {o evaluate its carcinogenic and toxic effect. In this study, estrogen-regulated gene expression under IF-MFs was
studied in order to clarify its possible effect on hormonal responsiveness of female derived cells.
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MATERIALS AND METHGDS

Genetically modified MCF-7 cells (human breast adenocarcinoma cell fine) that were transfected with the ERE-Trans Lucent
Reporter Vector (Panomics} using Lipofectamine were used in this study. As the result of transfection, EREs-luc fusion gene
(Estrogen Response Elements with luciferase gene) was franslocated on genome of the cells, Thus, estrogen induces
expression of the luciferase in these cells.

For IF-MFs exposure, an original exposure system that was capable of generating 21 kHz, IF-MF up to 3.9mT (144 times
higher than reference level for public in the ICNIRP guideline) within exposure space (150mmx150mmx150mm) within + 5%
deviation was used [5].

In short termn test, pre-cultured cells are re-inoculated in estradiol free media (phenol red free MEM media with insulin and
activated charcoal treated FBS}) for three days to deprive cellular estradiol. Then cells were harvested and divided into three
6-well plates. One was for the IF-MF exposure, second group was for sham exposure. Last one was incubated in a

conventional incubator for contral. In each plate, three wells contained 10" M estradiol. For exposure period, exposure
group was incubated under 21 kHz IF-MF for 24 hrs while sham exposure group was incubated in identical exposure device
without power unit {sham device). In long term test, pre-cultured cells were divided three petri dishs with estradiol free media.
Exposure group was incubated under the IF-MF for three days while sham exposure group was incubated in the sham
device. Then cells in each group were transferred to 6 well plate and were incubated for another 24 hrs under each
condition.

After exposure perod, tolal protein was extracted from each well using cell culture lysis reagent (Promega Co., U.S.A) on
ice. The extract was directly used for chemiluminescence assay using the Luciferase assay kit (Promega Co., U.S.A) and
chemiluminescence meter (Lumat LB 9507, Berthold Technologies, U.S.A). Protein concentration was determined by Lowry
method using Bio-Rad DC protein Assay Kit (Bio-Rad, U.8.A.). Measurements of experimental samples were conducted with
blind manner. .

RESULTS AND DISCUSSION
We confirmed environmental condition of both exposure and sham exposure devices in GmT-sham experiment. There was
no significant difference between OmT and sham withAwithout 107" ' estradiol, :

in short term test, we performed two to four independent tests in sham-sham, 2mT-sham, 3mT-sham and 3.9mT-sham
condition in short term test, respectively. As the result, there was no significant difference between exposure and sham

group withAwithout 107''M estradiol in each exposure condition.

In long term test, 2mT-sham experiment has finished. There was no significant difference in luciferase activity between
exposure and sham groups although slight tendency of increase in luciferase activity of exposure group compared with sham
group was observed several times.

Therefore, it is suggested that the 21kHz IF-MF is unlikely to cause biological effect based on perturbation of estrogen
responsiveness.

CONCLUSION

The possible effects of strong 21kHz magnetic fields on estrogen-regulated gene expression under were evaluated. As the
results, we did not found any significant effect by exposure to 21kHz, strong IF-MF (up to 3.9mT for 24 hrs and 2mT for 4
days) in female breast adenacarcinoma derived MCF-7 cells.
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Evaluation of effect of intermediate frequency magnetic field on cell differentiation
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Effects of abdominal local exposure of intermediate frequency (21kHz) magnetic fields on fetal development in rats
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Due to the lack of science based evidences of exposure effects of intermediate frequency magnetic fields (IF-MFs), we
teratologically evaluated them by using pregnant rats. Using newly-devised in vivo exposure apparatus which can expose IF-
MFs locally to the abdomen of rats being similar exposure conditions with pregnant women standing close to induction
heating (IH) cooking hob. Obtained data are currently under analysis.

Long Abstract
Introduction

The Environmental Health Criteria No.238 published by the World Health Organization requires the need for biological
studies on hazard identification and health risk assessment of IF-MFs. The induction heating cooking hob emits such IF-MFs
(20-90 kHz) and is recently wide spreading in some countries including Japan. When people use the IH cooking hob,
abdomen is close to the hob. Therefore, reproductive and developmental effects are one of the main public concerns.
Although it is reported that there are lack of teratological effects in rats due to 20 or 60 kHz MFs exposure [1], rats are whole-
body exposed. with relatively low intensities. In this study, we evaluated teratological effects of abdominal exposure to
pregnant rats at higher level of IF-MFs.

Materials and Methods

Both sexes of Splague Dawley rats (Japan SLC Inc.) were purchased at the age of 11 and 9 weeks, respectively. After one
week habituation, females were checked optimal day for mating with a vaginal impedance checker, and mated with male if
their impedance value are enough high. In the morning of the next day, vaginal smear was checked to identify copulated
females as gestation day 0. Pregnant rats were randomly divided into three groups (n=10-11 each): exposure, sham
exposure and cage control group, respectively. For the abdominal exposure, we used originally developed apparatus, which
have the spiral coil and emit sinusoidal MFs with 21 kHz [2]. We set MFs intensity to 10.3 mT at the center of abdominal
surface. Exposure (or sham exposure) was done for 1hr/day from gestation day 7 up to 17. During exposure, dams were
fixed in an acrylic holder except cage control group. On the gestation day 20, their fetuses were excised and weighed. The
number of live fetuses, dead fetuses, and implantation sites were recorded. Half of live fetuses were placed in Bouin’s
fixative and examined for external and internal abnormalities. Other half of live fetuses were eviscerated then fixed in
alcohol, and their skeletons were stained with Alizarin red S and Alcian Blue 8GX. All teratological evaluations were
conducted in a blind fashion.

All experimental procedures complied with the ethical guidelines for animal experiments at the National Institute of Public
Health, Japan. :

Results and discussion

In this study, we examined numeral dosimetry using a pregnant rat model of gestation day 16 rat. Under the exposure
conditions described above, induced electric field of each fetus ranged between 0.611 to 5.74 V/m (mean 3.01V/m)
depending on the relative position to the spiral coil. The mean value is higher than the basic restriction to general public
exposure (2.83 V/m at 21 kHz) of ICNIRP guidelines[3].

So far, no significant difference was observed in dams’ body weight, average weight of fetuses, number of fetuses per dam
and number of implantation sites. The data of teratological evaluations are currently under analysis. All teratological data will
be presented at the BEMS meeting.

Acknowledgement
This work was supported by Health Labour Science Research Grant, The Ministry of Health Labour and Welfare, Japan.
References
[1] Hirai et al., The Bioelectromagnetic Society 33rd Annual Meeting, platform #09-3, 2011.
[2] Nishimura et al., Birth Defects Research (Part B) , 92, pp.469-477, 2011.
[3] ICNIRP, Health Phys., 99(6),pp.818-836, 2010.

PB-48 [10:15]
Impacts of arbitrary radiofrequency exposure restrictions on operation of mobile networks

Jack Rowley', Peter Zollman?, Brent Gerstle® & Lars-Eric Larsson®
'GSM Association, London, UK, EC4A 3BF

2\/odafone Group Research and Development, Newbury, UK, RG14 2FN
3Singtel Optus, Sydney, Australia, NSW 2113

4TeliaSonera, Karlstad, Sweden, SE-651 15

209
— 66—




M ERSEADESHIEICET 25
BLU BEMS20128 M % |

E i fREERER R
4l B

ERERBHRIFTIRE THR2458A28

2012/8/2

D EIRBER OEFBIEICET S

BrEe

- BESBHLHRARDS RERS- BREE
HELEAREER) [BEICHH3H A LB

RICET 2RI (REFRE - RARFRR D
—BELTERES (FR21~214EE)

ISR TIE, BR TR, AR, SR
MOIMEMBL . EHEL THEEENME.

PRSERZE(300Hz-10MHZ) DEWRFA LR

VDT 15~25kHz
- EWFENMEE (H) 20~90kHz
- BFH) (RFIDMEL 519 - 13BkHzIMTF
- BFERERME (EAS) 82MHza#E
« JEHERACH-F Suica. Edy 13.56MHz
* RO < BIEMEEES
| HBEEN S, BRBRYSHIERELTD

JEIC RABRSEELY)

WHOREBRRO S5 U7 (EHO
238 (2007) TRISEOMFRHESES
LT

[PEEIREE (S300Hz0'5 1 00kHzZz) D&
WRICEET DT —I—D"RIILTNDIZ
0. BRUZDFHBOROD+DET -4
N—RAZREITINENDD. | CBE5.

(JEIC AR5 £Y)

&
%

ROw
EF)

B R ¥ B & &y

i

FA
TRR5 1999 J500 2083 X

BABHIX: REMABSHBEEHMAT
(IHYyF L Te—8—]1DWEEE

2011 HH 1~9F &&t 609FH
1~38 765 8BIR
4~9R8 6.35 88

20124 T 1~68 &t 3687H&

6.1R &R

BEY

IHAR BB THEASN SR REIRE T (20kHz) DR
ROEFHREOERETMET 5.

F5ik

AR R ER
BIROBEMAHIITRSYNEEICBRANIZHE
WHERITIECGEL. BRADOEEZTRSD,
[FEICANSEEIL. BEQIHAESE TIELL,
YRR AICHICBEREL. RFICBETm (Y
AMNEER TR ERSICHRET S,




2012/8/2

BN RFEAIZHI ] BRL-IZKEEBOHER

s HREROXKEERELLRR=IEZRDIIE

FEOR(Z20kHz, 1.1mTOEE>FAEITIF B ELL
FRS v (7B B ~17 8 B){Z20kHz, 0.2mTO £ & (< o
Z SHEOMEEE TOREICIIEERL, LRE LI a L EBOBMEREINT .
SRR O VSRR RIS u%‘?’éﬂ—:‘yhmﬁ%m”ﬁ’l WELL-
Ll SOALOBREREI/ILOBERESLL, 2B EREEDELE

- HEAESR L, EREADEDRA~AOBIHIIE BIBE AN IS BFAMTUT ORIEET EBEBERELI|
FEER. FEERORLRRITONTROARYS e
BE

[2] ICNIRP, Health Phys., 99(6), pp.818-836, 2010.
8,

RS YO BEEIFRET IV
(BB R TR LUMRI (magnetic -

- resonance ~ fmagmg) u{%rﬁ\b%ﬂbﬂ:

R ABSOTBES/m)
(4-Cole-Cole M HETN[EIMBRHTIND, )

o 0.0 ) 0.568
AEfs 00240 | Zofbpds | 0.345
| #iE 0.345 =] 0.531
B 0.0607 EZ 1.27 .
[ 0.0971 fE RO 0.095
[T 0.512 | BB (Bistsh) | 0.2
i 0.0727 ] 0.000214

& 0.00290 o BYDMBHLLRBED W“KU){L!;‘ZI hau,
{hnaing s, 1, e e O T hery A o BHITEABRICSEVFREREBIOERBTHI LMD
L EH M ERE , e S
EhREOFEER BB~ ORESHEA~ DO

RELBLING 101 Vim ® E
B 171 vim ‘ B ERAOE<BEBEL. T _
Sy RERNTHRSERMEIcES | FEIOO
BB\ PRBRHRC S S SNk
BOBSADTEEESN-T 5,

T3

o UTOBREARE (Bn=11) ,

@ F<e

Q@ fald<®E s} 7 17 20 (21)

@ 4-y Who-ih

° IHR7TH~178 (BEWRE) 08
BFAIDPIC 1 65MId<E

© D7 JUPINEEREE Gy bDIEBEP I
#HE) & 1030 [mT]

= (CNIRPY 1 3JDKIA008)
#?;;E(ﬁ§0)1u3\tt§§ﬂ‘3k%< Pﬁ_t®$§2ﬁ1~fib0%bfﬁé o HEiRZ0H (IEZ%ﬂ}EImB‘C&E) -
> &Y %wuﬁﬁ*ﬁiﬁk;é{@{?&%@ %%%I%ﬁ"\% BEDBIC L DIBREBE L. 1)
THB, OEFE. BB, BRESBIUNR
. , , : Sn DIEEMHIC T T HE R
o . e .
RS



2012/8/2

BMEIEESH

SDIwh HE10:BE. BSvM2BE TRE

SV DRERER A E—F VR FToE
TR, A E—F A E300LETREHE
HELARET 1 TRIRE, BH. RATFIvY
EITL S FERRBLLLEROB LY S,

HEMRYPTHHITIRTBE~17BETHRE
BEBIES,

IECEBFE 1B 1MET 5.

9 7 17 20w

IVRRAk

BEOAELE L - EERE
BEEOMBAIE. MBRE (L2, MRRE)
EFBLVRETHREOH. BRE
FRIROEE. tHA. BERE
BRI HETRIEOFEE8R
HERE
RlEEE
BREE

Exposure group
Sham group
Caged control grou;

- - - Wid i L T v
[Mating | Early gestaimnf{ e ‘e stage} [ Late gestation J{Bins]

BERICELTE. £HFICHERETI[F]
(malformation) J&EFIZIZBEMNLZUVEE (variation)]I=
SHTREZELE.

EXS)

c AR TE. REDOFEHRAICH-DITEIEMAS17H
ET. 1B 1BHEOBESBRIEKEET -,

o [IKEBIESERORARETI0OIMTICNIRPHARS (2D
£94001%) . WIEHHE TIXRRICHEESNDIBRIEENT
3.01V/m(E/N0.611, BAR5.74V/m ) THY  ICNIRPHARS
A DEEFRELVEFNECEEBETHS (283V/m at
21kHz),

. ﬁf&i‘@d)t:aEﬁﬁl#iﬁéc‘:’ﬁﬁﬂ?ﬁd)ﬁﬁtﬁiﬁliéﬁ&)fo

FNAN

o LOWLENS BB OEF AR TIERE20@ED
BEERAOTHALEE T AEAHRIATODIENS,
SOHITEGBHEEOLTHANEEEEEHIDENDH D,

o Fl BERE.QMLOMBICIDEERBELEICONT
L7 —FI7IMIBYBREMLITSITDNTERERIC

2£34[E] annual meeting

s 20124 6H17-22H
o F—RARZT - TUYRRUH

- ZMEHRE 2104
-E=5AR
« BHAR 45, BE 26, $E 7
« &[E 39, NZ 6
« KE 26, HTH 6

BEET ANEN DD, " B 54
o BHENZOONESIE. BRORV AN DOREENEEE
BLIERICEHEUSTS,
34 BE/VVS Plenary 3 34 BEMVS
Plenary 1 + Risk Communication
o EMF Safety: Looking Backwards, Looking — Peter Wiedemann, Karlsruhe Institute of Technology,
Forwards Germany

— Michael Repacholi, University of Rome
— Carl Blackman, US EPA

Plenary 2

* Advances in Electroporation
— Andrei Pakhomov, Old Dominion University, US
~ Luis Mir, CNRS, FR
— P. Thomas Vernier, Univ. of Southern California, US

— Ray Kemp, RKCL, UK
- Roslyn Young, RozYCOMMS AU

— Ray McKenzie, Australian Mobile Telecommunications
Association

Plenary 4

» Windfarms and Public Health
— David Black, University of Auckland, New Zealand




2012/8/2

Plenary 5 34 BEVVS

» Developments in Epidemiology
- Joachim Schuz, IARC, FR
- Mark Elwood, University of Auckland, New Zealand
— John Dockerty, University of Otago, New Zealand
- Malcolm Sim, Monash University, Melbourne, AU

Tutrial
o Science & Media

facilitated by Janie Page, BEMS Newsletter Editor
— Rodney Croft, University of Wo//ongong, AU
— Roslyn Young, RozYCOMMS, AU
— Leigh Dayton, The Australian newspaper

Wy
Oral Session (total 69 ) 34 BEVVS

+ Epidemiology + ELF Dosimetry
« In-vitro + Policy + ELF Epi
« ELF/IF/Pulsed

* In-vitro (ELF)

* RF Dosimetry - Emissions I
+ RF Dosimetry - Emissions I
< Dosimetry MRI + Dosimetry — Absorption I
« Electroporation » Dosimetry — Absorption I
* In-vivo » Mechanism & Theory I

* Human & Clinical * Mechanism & Theory I

Poster Session (total 104 )

» SessionAand B

34 BENVS
Z Dt
» US Airforce Workshop

-~ “EMF High-Peak-Power Pulse Bio Effects and
Standard”

* Bioelectromagnetic Research at the
University of Queensland

» ENA Workshop
— “Smart Meter”

Ay
d'Arsonval Award 39 BEVYS

* Niels Kuster, IT’IS Foundation, Switzerland

34 BES
Student Award (poster)
(1st prize)
1,763 MHz Radiofrequency Radiation Acts on Induction of
Growth Factors via Cellular Signaling

Kyu Tae Kim, Sun Young Yoon, Seong Jin Jo, Gahee Park,
Woosung Chung, Oh Sang Kwon, Woong Yang Park

Seoul National University, Korea

34
Student Award (poster) BE

(2nd prize)

Pulsed Temperature Stimulus limits growth of Fibrosarcoma
HT1080 Cells

Lucas Portelli, Aditya Kausik, Frank Barnes

University of Colorado, USA

(3rd prize) )

SAR Reduction Technique by the High Impedance Surface
Using the Artificial Magnetic Conductor

Seungwoo Lee, Nam Kim

Chungbuk National University, Korea




2012/8/2

Ay
Student Award (Oral)w BEAVS

(1st prize)
AustinMan and AustinWoman: High Fidelity, Reproducible,
and Open-Source Electromagnetic Voxel Models

Jackson Massey, Cemil Geyik, Natcha Techachainiran,
Che-LunHsu, Robin Nguyen Trevor Latson, Madison Ball,
Emin Celik, Ali Yilmaz

The University of Texas at Austin, USA

iy
Student Award (Oral)zié BEAYS

(2nd prize)

Inhomogeneity in Magnetic Fields of incubators is a
confounder for Biological Variability and experimental
reproducibility

Lucas Portelli, Theodore Schomay, Frank Barnes
University of Colorado, USA

(34 prize)

A Numerical Framework for Modeling Electrotaxis in Bone
Cell Cultures

Juan Carlos Vanegas Acosta, Vito Lancellotti, PeterZwamborn

Technical University of Eindhoven, Eindhoven, the
Netherlands

Buisiness Meeting 34 BE/V

1. Adoption of Agenda (Schiiz)
2. Approval of Minutes of Annual Business Meeting #33 (Schiiz)
3. Report of the President (Schiz)
4. Journal Report by the Editor in Chief (Lin)
a.2011 Most Cited Paper Award Presentation
Wilén J, Johansson A, Kalezic N, Lyskov E and Sandstrom M. Psychophysiologicai tests and
provocation of subjects with mobile phone related symptoms. Bioelectromagnetics Volume
27, Issue 3, April 2006, Pages: 204~214.
5. Report of the Secretary (Wilén)
6. Report of the Treasurer (Chadwick)
a. BEMS Fiscal Year Financial Report
7. Report of the Newsletter Editor (Page)
8. Web Site report (Carson)
9. Recognition: (Schiz)
a. Retiring 2012 Board Members: Jeff Carson, Osamu Fujiwara, Thomas Vernier, Andrew
Wood and Maria Scarfi,
b. BEMS 2012 Technical Program Committee Chair: Andrew Wood
¢. BEMS 2012 Technical Program Committee Members
d. BEMS 2012 Local Organizing Committee Members: Andrew Wood and David Black
10. Election Results (Schiiz)
11. Transfer of gavel & ition of retiring presi (Schi )
12. New Business (Black)
June 2013, BioEM2013 Thessaloniki, Greece (Mevissen, Chadwick)

34 BENVVS

BRAE 1

o ToFU—bviavEBRRRTESBM->THH>T, LTEEHE
THoT=.
o EEEERXL—XEoT,
. BMBOFED
- BIC, 3—Ay\H OB MENRPEN GEEHLTR
B2, BEiANEL?)
s TRTSLERNRBLIGMNT,
-y arOAMIFSHIENER.
- &y aryhi2oRsT,
— OralDEEME#MNEE->TWEWNEYAY,
— RRG—BYT N—T D7 —TF ATV AP,

A8 34 BEVvs

A7 A KN 2

o FJI1%JLR, Electropolation|ZB8E L 1= 5252 A1
— SEIEGMBEEENBESh TS, REREHD
HRAaTEENBE
o 2. Human StudylBILTI%, EEICERTETEENRE
i
- HIM-HYRBISOVTEBLALOE(BERT, EEH
YELOBREDRR
— [E<B O EL{H >thermal effect [TDWVTEREAF+2T
H5.
« Biological effects {ZDWLVT, TE TV RELTHREFZ (in
vivo, in vitro) DR OF PR,

548 3 34 BEMVS

DA RN

&

o BEARMNSDSTUDENTEADIV M) —BRDRNATHEDOHA)
f=8, o LHBRIZ BT RE,
- FEEEEESRLTERNERS,

- BMBARE
o A=RRSUT (FYRRY) BHEHNE(BELHR—F
LOTIE?)




DRELETEIME D 5 —S5 L4-4

Vol.39 No.l0 % ik s e . - GREN ResTnsn %G
rEEBE T OB ¢ I - B - R gober 2002
B BB (BURRERBER JAPANESE JDURNAL OF PUBLIC HEALTH
BAMEOEFEERTE, BA L BRECREDE Y 5 EHR N
AETEL . ZR5IEE - BEICR 2 g0 FEEE LS /) | | :¥ﬂ:
T 5o :
ok A SEREETO MR BETIE, e 0fIEET AT & > pﬁ?
W QBRI AREN B abh b, £/ BRE
W REBEH, S, BEBE (50760 L) DEMANSRE '
f¥2 L. BRAMETIEETF 0Ly ORBEOEE % HE
L (&8 #maLHABPBI b b, 2521% Suica. W50 - HEL0F MFBUNNSR  TEAN244E10f

Icoca 7 K DIFFEME 7 — NV AT LADERGE L. I L

DA—FLAF L%, FIFRTLE, WHEHEL AT - M

‘/é:l/’of:‘ﬁi%": 3T i)( HANI Nz “7‘.7‘"\]1/“ &V"Df: e P 2 Y
S A %71 ERAAREESEBEDRE
FAETIHERRIIOVWTHR, BIFREEEBLIURBEICLYD

RN - D OHEHD DT 5N TWBED, Wi d HERAGZ

FERIEEERAEEREES (ICNIRP) OF A F7 4% L I
BEIZLESRESATEY . EFEERCBLTIRWTRY

HELE L ERANENTnSE, —FTREZEIZIDVT

3. WHO DB EMEM#TH 2 EEFANERE (JARC) 25

200 R VARENRRE SR C R LT, E20 IR B ES S
DEBROEDAMEIZ DT E DI T8 MIxt L TEFNAMEDN
HLhbmniewn] (Fv—72B) CHEL, FOHE, HLO
MEPH->T-DHRBEHFLVEZATHD, F/2, HETE

(b2 BB & FROERPBHRABREICLVERINE L

VS ERGEBBEICELTL ., MEMAEEILRYDDH B,

B EE. BUROBEINEL CEAL LATEE RO
Rb S0 e Bbhon, BEAL, EEIIRE MBI, 98 o . s aweaas 10
B Ch 2 OWERE B2 BRI 5 LTS | eivacion

V) L Ee #’Lf:ﬁﬁ v }%ﬁ?ﬁﬂ’ﬁﬁ)ﬁ @kh§i’%§5§ bl‘ﬁ"\) -k 7’]9'( X2 Japanese Society of Public Health 1ERURISR

WY H L, LPLEDS, #HEHIHEROFNLHE
gt ACTIEE B bz EEBEOE» 5 5
ThHiHrEFVAT, FLEUEFECELTHEERIIE>TS
CRITENREETH A,

T+ — T LICBWTH, B 2BAEEOBRRIC O WTOE
WHEE, IL-FNOBRRONEEL Z2OFMIIOVT, &6
2R EI B AP R BT A R OWIFREN A IC DV THERR
BTV,

[mRIE]

199643 F MU T AFE ARG RERT (it (B82%). M4B & HELLR
WA EA SRR R, B REERNEREERENEENEE, Rk
HEMERZ ST, BEGFARREMEHLEEEMRE,. Mot
P - RUMERS. BTE. BRReRoEERE. REZEIRICEICER,

104



« |—37

%40 @

LEME e RsA S

Momos

RER IHAEBTRASIN DS 21kHz P EERRAD

EERIZCEICE DRESHIE

[B&]

AW (intermediate frequency, VAT IF
EBE) ERESRIL 300Hz M6 100kHz FRE O B
DEREFZ Z LR L, T, 20kHz~50kHz % 5%
EMECFETAFER H REBEBNEER L, *
DREEFBZ OV TLET IR HEV, Ll
BNG I ORWEEVERAICE LT, thE
THFFEXR SR E L TOBELHNELS . +o 2R %287
MEPFELTEBLT, WHO THHEOMLEHES
B LT B, AR TR R R O BT
FHTHRBOFEEZAONHIL, FPRBEERAD
EEEZECEL CHENRLOERIIET DS Z
LEEEIE L. FIRT v FERAWTEEIEEBEK
BB #EZE B4 (ICNIRP) H A KT 4 fEL Y 400
CEREEETHS 10,507 ORER (5 v b0
REH R MCRBTAFEY) # 1B 1O EL
ToTEBEDRIE~DEELFHT-,

[Aix]

H<EBEE LY~ DT E

EREM R TRBERRITIE BEB X, FFAlci
ELIZbOERWE, a4 /VIZERK 10cm OH
EBThHY, ToRerfi e UTRWEBER T4
THZENFRETH D, ERITIL, SD T v b (
I 123 8E, MR 10 8E) AW, BIEHOM
PR ER T, BRAATICE VIHRMERE L= B
RO B L L, BERAMIOEIRT H~17 BIZ

—266—

OFIB 1, RERE 2, ATHEEET 2. BEME
ERAREIA S, FumET . KABRTRK 4
(ESREEERFRE, 2 FIARER s,
SEELRFHIR, +BMAFRE )

77 UNVEORERCEREL, BHRIMC 1A |
BRI BEIT o 70, AR TIHIELS B, o
¥ AESERE, F—Y oy bo— VB 11 s
IBMEERICE L=, v LIS TETIT EREL
RIS BERAORERCANBAZIZSEL
RVWEE, =Y oy b=V BEIMEEBICANRT
W TCRB R R 0BETH D,
fEE R OB E

7R 20 BICBHRE LR IS EREEE R~ T,
ERIR AR - FEELITV, SR - NIBRERA,
BRBERIC S L,

SNEFEBE - PRIRE R OEAIC SO TR
IB% 10%FIHEBER/L< U VRICIBEL, BEK
L7z, BBREROERL, Fkicky 7y
Tro7r— TUHF I by RSIZEARERTT
WV, REICHE L,

R BRERAEIIE S EHECERL . RERS
ZFIZRH L THECBEORGEZREERETHRE
L7,

B ER O ERAEE

AFEROEMRZH =Y, ESLREERF5RE
MEBREBSORREEB,
et

HEH MBI IEHKE Ny &y — YV 7 b PASW
Statistics(SPSS) ver. 18(H A IBM) {8 L7

[#ER]




B, Uy LIEKEHE, S—varbn—
NEEDIEE (% 11 B #FEBRICHLEE Z A,
g B THHEEE 20 BIZBWT, BT v bk
B, MREFERE, LEREE, BLXOEZ v b
H1- 0 ORI O CIERIEOTHEEICHRK
HMAEBEIR N o7, BHREOCHEICHE
LT HHEEBEZIRD bR -T2,
BIROINERE

ARFFETIIE 215 BEZTN. £0 I H—80D

GIRICBRE RO DN, Mt FEEZIIRD
holz, BEICEL T, BEETHIEER
BRICEZELRITTKANREEDOE (LT &
. BENIEE OHEEBEATELTH-ThH
AFICEB LWL OEREREER UM LT,
HRELHELLbOD S b, (< BHO 1EEKT
I (ODEBH) LHEIN, oz listofl
HETERLLTEALNDOEL ¥ AREFIT
HoT,

B ONIREE

TRIRDPNIERF IOV T 215 I EF~~72 28,

0O b—HORRTRENED LN, BF &
EREEnREEsr—Yar b — g ik
THELSBHE, vy ABIZEZWERZRH D, HE
BEEZIZRONR o1, X B 69 BikD
DB 2B, T LB 76 IRIED D b 1R, F
felr—yal b —/ VBT, 70 BiRH 2 Rl
FENRONEN, FAFHOBERICTONTIISM
LEDEWVIERON o Tz, —F, BREIZON
T, WTFhOBEIC B WTS THRSEREE) M
% EEHED,

RIR DB DRE
BRRETIE, 2T 220 REEZFEALL Z A,
BEENRDOOLNERIRIIX 21 RRETHD, TD S
BIE<BRET 12 MR, Ty ABEIL 6 ik, —
Vayhru— I 3 BEThHoT. ZTDO L,
FREBEZDNDDE, EBEHOLBETHY
FOMIZETERLLRED LD TH oz, 21K

&L TRE BB EIR bW, 5% FI%KE
R LRE AT 5 RESH B,

87 v b OB DOEG I ERE

OECD WA RTA L&D T 5, EHFBMEDORE
Z2WTiE, BEE2 2 LERIEOK TGS S
IvbH, REZRELEREE L OBOEIE T
ERBIRSZENHRERINTVDS, KAERTHLE
5y FOBBMTORBREREL B L, %
B 1l B, HEEZELEREZEEET v b
WIS, ¥ ABELIL, F—UBE2[LT
HY ., BES T BHICERICAEREENR
ZNEN) T EEFR»oT,

[EE]
AT, TRBEBER S BEOREICS 2

 BEERENAED, Ty MERORERRSIC

BRIE BERIB TRV, T OEFER AR % T
L7z, GEIOFERIL, SR, WE, BEOFED
FACE LTI, RErEMREESELRT IR
Aol s, BB CITHER LT » bR
11 [T D, OECD BERBA A KT A > DEEH
FAERER CHEIR S TV A ERA R &b 20 T
A TEHARKRTH DD, Bl&HmsERs &R,
F B AR BSLER D B,

[FLd]

AR T » MEMERE 0T 21kHz, £ 10nT OIE
RIRBFIE EAMRT~1T BET1 A 1 R
igoln A, BEACHRANREEOREICS
BELRWIZERALMNI o, ZOHEFIZON
TILEITIRRR D72 < o S, Mkt L CHFsta i
BTN Z ETEEORE 2SR FE/REIL &
BT ERERTE D,

KWFFRILEA S @R FHERHE BRE
2 - R EEMNRREMRFEICL > TERS L
7

—267—



(BBERTHBIRRDBEHER)

FRIBEEA O YWEEDOTEM

ANFERZOIER A T2 =
EEMFEE M BOE

1. Fants

PEOBRRBEHLET A B (50/60Hz) DREEFIZHOWT, FaL244E8H L v g
B4 2 EEOLEIZL Y RFINEASNEZ, 4%I1F, SETRATDELVERK O
FRIZOWTOHFMOH Y FRBEREINDITETHD, Z0OHTH, ghio EELMBIEBEICH
BT D HkHz~ B+ kHzOBRIE, ZEMICETAMER+0TiE2, BFP LT 2EY
FHRERBICEATOIMEINED N TV OIEMRICH D, SHERIFTIE. T E Ttk x i
ROEWYMEEFMEED TWDH, KRERTIE, RA21kHz, 3.9nT (EEHV A K7 A4~
(ICNIRP) @ — AN EET DRRBEL XL D 44MEDEREE) OBRABEEICLSE P
I EOEEMBPICBIT I BEF~DEELRLE L ~DIREEICH T HEL IR
IZOWTiIRR 5, '

2. EHMAOBREYRIEM. PABIZBTA3RFOBERBLUHEENDSRHIEIE

19964812, AR (WHO) TiZ. 0~300GHzD A B E D EBERR DEE~DEE LT
flid Dl CERBERA T Y s NERRSEL, TORKR, 100kHZU TOHEIZSNT
X, BARICBRBET 52T, BHMBFEICLVENICALLPER BERS—EOHEEB -5
AICHBEPRBMIND LW B (MIKPEPRMIC L2 FEEER ) THE
RO LD Eshlz, £0—F 7T, BMHABEEHE (50/60Hz) BEAOEEL L TEFHEN
bMEINTVD, BEREL LLIE—BROEHATOMB BN ~0ORMEBEEIC L /0
BHMEBEOHEMAR EORE~DEEZE I C O WTIT, AEEARZHIENIIE LA TR,
INOOMRAEZS LT, WHOIZ, BEY X708 HiE L TEMMCET 200 RERE S T
£ FUT (HBER - BRER . 20064E) | 100kHzBA F O LB ERLA ; 20074FY) 2HELTH
V., BETIHIO0kHzL EOBERARERRICOVWTOEFEEZED TS, £, Z OFMICE
SEEBHEBEHAN BRI #EZBES (ICNIRP) PAKBBEOHFAMEED T TA RTA4 V%%
LY, WHORLZ N O EBEVA ROV ABHAL, EETHEKR T I L 2HRELTWD,

EOEICEW T, ZOWHODOFAN - B1EF 22T, FlRAFIACREEEXEAONET LE
Nt OBEBR[ZMIC., EEFSAICITE LR @EENITE T 2 88 O EXKMIC R L TICNIRP
DHA RTALA U ERIE L-EABEEBROBRGNEASRE, ZOHFICEY., 4%%
BERDLBEIRMBERBET 2581, ~MARVILOLADLEMICRHRET 2L ELRME» L OM
FO(EZE) B200uTUTERDEIICHEFRTIZ L ERoT,

TNDLDHARTA LR ANT, EROEHMNRMEELHIET DZDIZED BTV DA,
ZORMWE DA RENEAREEEREEEL TWVWEbIT Tl REN2BEEEE LU
NIEIABIZLVEDLNT WD, £2, BBPAREDERFEORREE SN EHMEZEIZON
T, RERZEORMBRT[ WD, ZOTA RT74 0 THEHB#ETREIFRE IR TORVA,
WHOD REA CTix, ZOMBEOMBPRIZEIT CTERLIMANHERER I LTS,



BHICB A EMBELE 2 H s, BIEE @D
SEOBKTIE, FLELTENELZE 107 < ,

_______________r
T o

st e ICNIRP2010(H%)

LEEDETICHLNBERERICERL T 105 : | —ICNIRP2010(2%)
T A2ENRIBEEHBMICE N &4t 104 -
TAHBEBEN SR LERD, UL, 10°
2

SNy SN T VS £
- BFRBICL > THESRTEY,
Bl ZIZEBOHEICE., [EBER (X 0.1
B, Mo UM, BIRARY) | 3B 00l e '

s NG 0.1 1 102 108w}
e (L— i E) | o DEBERKRR X] 1 ICNIRPH A N T A v & $kE OB}

Wz, BEREHETHLIYV T 7 b, EEHE, EOERBER LS, MEEXHVLODOKL 2E
WEOBBANKET S (K1), HBICHEBHNOBMEBE IR - ZH0ICARY— T, E%&AE
BWHPRFIZHEAETDIENI ZERHETHDL, TNETICHKERE CERMAEZIE L 726
T, ICNIRPH A RTA v EZBZHHNINIIFEALE VWD, BAICKHKAILE L I 25 RE
BAELCRWEZSxbND, EL, FREOXS RFEREFOBHMAOREY 27 % BKNIC
A L EE S e, A%, BAEloBREED DS ETCIR, SETERELTEY, hOoHA R
TA LTI THRENED LN TWDIEBIZOWT, EWENICED RFMEITI Z &
BEETHDI., HICAENL, SEO FEMEE ST ICHET 2 AR Ekz~H+ kHzd F
R 8 B ARG (WHOO JE 28 TIE300Hz~ 10MHz D BE ) 12 B L, WHOR R T L -8B HREs 5
AT VT ORTIHREOHENEFH SN TWDIZ &b E X FMEITo 2,

3. MIRAE

Fald, BITHRICBVWTAZ T I TEBIVY Y ARKOEEMRREZ AV EREERR
ZEM L, 20kHz, ImTRREE COMBMICITEETE
REABITEENRNIEZHLNICLEYY, BIE
., SHWEDEEFMEEENT 2720, FHHE
BIEEZRAB L, xR EBEEE L LM
HTWDH, REEXETHE, OBEMBEEZHVZ/IMER
BBIOOHEMBICBITIAERLE L ICLDE
GBFRA~DEEFMOREREBRET D,
3.1 PHARESREEER

BRMARBERCEROEDY > TN EAKICRE
THRROOHBBBEERELRRE L, NBEBEEBEIL.
BEHI ANV EMBRBEER»LRD, 15emX 15em X
15cm® B 2912 21kHz T & K 3.9mT (2010412 &7
EHNTZICNIRPH A FI A4 O —RAFICHT HHE
LAV D1444%) OBR = ERFBZEL TREIYEZ
MOEITEIC, REEH A5%, LFMARIOBRE T Tl e mpemn | mmma
ELZEICEBTAHAZENAETHD (K1) c. EMHABREAT v 7

X1 HMlEHTHBERERREEE



3.2 MEEBRZEZRVERHBREFORGESETME
MtZ) &g, MEBOBEGERIND 5TV 5 Mk

BLLLETBEGERZFO LD THLIYRGERICEENAEL W Lk
ToAES, MEA ST LEETAE LD ER RMBELS i
IINEZ

DN RERDEEET, MNP E - 2RI,
ELHICEERREY 2RI LEEEZRL, ChEedRT
HEABRABCSAZEZTEBICLRESSEDLS LE  H2/EER MO LR EH
AN TWDTD, MEOFHEHOFMIZ. BHLREPAEOFME LTHNWLRA TS,
A TIH, BEMIIAWLND, Fr A =— XN LA Z—OffifEMIETH 2 CHL/IUM
fERAWE, BELEMEBEEZ 48T, HIZBENL LT 21kHz, & KX3.9mTO FH3F
WEGFOR T, 1HITRUBRERS L CHUBEREEE (BAEL) oF T, £ ofMizxt
HREE & BB BBEE (=4 h~A 2 C (MMC; i AEI CDNAZBETAIERA2E->) 4
BE) ELCHURFEMEELE, BEF, MEZATA4 F7 72 ECEELT, 1 KEICEIE
100018 DML A BEME T CHE L., IEEFOMIROEELHEH L,
3.3 FHARBABEICKSI IR FOFVHEEEDEEFRE~OREHT
RFMMECREIL, = A Mo VISERINZAETAFRIAVNV Y 7 =T —BEETEFAL
T, ZEFRNVELVO—BTHLIZA M oz A ba P U ERZFFODENGEET D &
Lk FICHARAENTC OB FOEENBEINDI D, BELELLY 72T —EH N
JEDERICLIVEEEZREHT 2 2L ThHDH, RFRETIE. b FEIS A HRMCF-7/EIZ,
LRERTFEMARAALEGCFREMB LA W, BELZMEEZ, BE. SRLRER.
SHEEOIFEIZST., 22 A28 F R WEBHTENFNIAERE LK., SHICEFNE
NOMIBE2HICST, —HF ORI A Ml U E2RMLT, S OIC24KEBE L%, M
e XX EEMBL, V72T —BOENEEY N BERERRE L, B
R BYEOVOLY 72T —EiEELZER L,

4. BRBIUER
4.1 MEEE

40
ML 1000ME 720 O/ R EE & B 35
HLU7o/R., SRR BAE L R L Mgm
D CHRIFVICHFEREZETIRONZ - %gﬁ
7= (B3) ., —FHT. MMCRLEE Tl §§ﬁ
SN EABICABEHRAES ER L. S8 B
LienoT, FREAEBABEEICLD /N AR I
BIRFBRINBZVWIEAAL ML R o0, o Ll . N
42 PREBREBABREICESLY D AIEREE BECURERE BB MMC
S—FOREEE 3 R S SR (21kHz . 3. 9mT) ~ oD 24 ) g

WBENOLY 725 —FORBEY I T ACHL/IVAME 2 AW/ ERBRER

SN = I A _L\ BE 3 < T . *,p<0‘ OS,StUdentU) t*ﬁﬁ:‘quié
MR, RUBER. NRBTLEBRLL  ymppwmomeBcnk L ERENEN, BE

(M4) , 20FE. =2 o A 0@l HIPMAREAREN, SLRERIRERL AR
- . _ ~ BEEBFE T, BELAVRKETEE L-FRE O BE
WWEoy 72— ORFAEBITAEEIZ 25+,



juny
(=]

WM 228, BAOBEIZLDIEZRIZON |

T, WPHROBICBEN T b HEE R e ) . CRRERR
B 5T, DMSOBE L= A hryim 87
EERAICEO T, RER, FRER (B X3 .

PIgEER X OB MTAERERZRD b 534

nigpino iz, g 2

4.3 EFR , 1

ABFFE Tk, 21kHz, £ K3.9mT O R 0

N - DMSO iy § o [y
FBRR A~ ORIFERECH T = g4 g m e 21k, 3. 0nT) ~4 B RS

7 Z MM THOOLN D /IERBRICE LMo x 2 o & v iR Z o i

WT/REEBRLZVWI 2D, F—0, BEREEFFELZALAVEFREMTE I 22 LB REh
oo RBIZHMBEEBAOEAICEIDZZ A LT —FRENIINVI L, BRAZDOH DHRDNA
EOMT2Z 3 TFHINAZVI 2IC, MOAREREEDZ ETH, MABZENEET.
BICEEREELH 2D LFBEVWI ERFREINTE, £, KEAPAMBOZ X Fa F v
WED2EETRIA~OBRABBEORENBD OBV L, SHLICHABEICLSZ=X b
FUINEEBBTORAR EOBAERED LNV D, BMEOREIIKREREELR
ETEBE~OBEREENL D HAREELEVWI ENTRENT, UEOREENS, AFET
MEt L7 21kHz, R KR3.9mTOHMBEEMEMAICIE, RECHTIBEEREHRHTRZVWESZS XD,

5. BhHhYIz

RERTIX, FRBEABRELEELZHVWT, RAKPEOBELZRET 2/ ERBRB LU
AT KV ERTOIBEBEF~OEELFML., MABRBIZI5EEIRO ARV
EEWMELE, Bad, ZTOMRBKEDNCE, BRAOBEIZE D 5DNADZKMELN T
oo AF L. BB MiE (ESHia) oNobBRICRIITEERZSOBRTFEZED TV,
—%., BRABEROBR T 2HRGRNEA I EMEE (MR 2oV Tk, #
WCRAE LTV EABEEUSNOEENERESOBRICONT, B Ob 0 hizicEy
DimmrEDAILEREDL, ORI, FICRFZHORMTERIAFICL > THEAERED
BN TWVDAEHERICONTIE, BIRFACTOFFENLBEL 2 E S 1 EREZNICKRIET 5 2
CHRMETHL, FOFH. SBITRBRE L L CEHEE (RN 2EHEL. oz
BRArEHAWNC, BHEEOHFEORFZED DI FETH D,

BB, AFECHERAL-BREBEEBEL LR CHRE L., BHRNEREHRBAMEE, R

EMARICERCBH TS, 0, KAMHEO —HITELETBE R FU KR H &
(08150668) 2 LV ZFIT ST,

BER ,

1) WHO, Environmental Health Criteria 232 Static Field, Geneva: WHO Press; 2006

2) WHO, Environmental Health Criteria 238 Extremely Low Frequency Fields, Geneva:
WHO Press; 2007

3) ICNIRP Health Physics 99(6):818-836; 2010

4) S. Nakasono, M. Ikehata, etal, Mut. Res., 649, (2008), 187-200

5) MUMBCHEEM ., SKERATEE . Vol. 22, No.5, 41-44, 2008



EMF issue in Railway systems
- Evaluation of Biological Effects and Trends of Regulation in Japan-

Masateru Ikehata
Biotechnology Laboratory, Human Science Division,

Railway Technical Research Institute

Introduction

Last 30 years, biological effects of non-ionizing radiation have been strenuously
investigating because of its uncertainty of adverse health effects. In 50/60 Hz power
frequency magnetic field, findings in epidemiology show weak evidences of relationship
between exposure to magnetic field and a risk of child leukemiall]. Similarly, a few
studies show weak evidences of relationship between exposure to radio frequency
electromagnetic field used in mobile telephony (or duration of mobile telephone usage)
and a risk of brain tumor [2]. These two fields are both categorized its carcinogenicity as
Group 2B by the International Agency for Research on Cancer (IARC) [3,4]. Then, the
World Health Organization reviewed scientific evidences and published their
monograph (Environmental Health Criteria No. 232 in static field and No. 238 in low
frequency field) and recommended to imply international guideline for limiting
exposure to protect people from acute effects and also to promote further fundamental
research. ; ‘

Following this, various responses are seen in the world. In EU, EU adopted the
ICNIRP guideline and the EU recommendation for general public was released and EU
directive for workers have been discussed. Then, each EU member countries and other
countries such as Korea, Israel, etc. including Japan have their own implementation.

In basic scientific knowledge, there 1is still a little information about
biological/health effects by exposure to an intermediate frequency magnetic field (IF-MF,
IF; 300Hz-10MHz by the description of WHO) although several devices or technologies
that uses intermediate frequency magnetic field have already been installed in our
society. Especially, induction heating (IH) cooktops that commonly uses 20kHz to
100kHz magnetic field to heat metallic pans became widely used at home in Japan
recently. Besides, several sources are existed such as transportation systems that use
inverters to drive main motors on electric railway cars.

In my talk, following three topics 1. trends of regulation in Japan, 2. evaluation of

biological MF, 3. evaluation of dosimetry in human body will be presented.




