WWHBIAENTERZ F—OFTHZ R b a7 o jaEisie
REET DI ETEROXER T 2D LT HEERTHHR
Y7 h—hE&N, TRICHDBKIANY T =5 —EBETF
DEEEMERELTRBE LAY 75— P2 RHT 5
TETHDH, VT =T—Fike MERNICTFEELRVWE
O, MRV IIAbZ A ha S UEEE LCHMETE B,

(2. 1) #mBa kR

IF BRIGBIC L D= R b u b DETEROEMEOFM
2%, Reporter gene Assay & AV o, (ERMARIE, =2 br
FoLE T E—BNERBELTVWS b MR MCF-7 #la
iz A ha s UisEES] (-AGGTCACAGTGACCT-) %
tandem = 3 [HBE, FOTHIKINNVL T 2T —FE&is
F & HMAIAATS pTransLucent X7 ¥ —ETHEEA UI-fk%
Az, BEEEME, MEM3ESLET I /B L-J L4 X,
EAEVEST R DA b MARBZAL R v TEE
RAMBEHVERLELZEL 7=/ — VL y RAE
MEM E5H#1C 37°C. 5%CO,. {8 100% T 3 B Mg L%,
B CLLFIC AR TR % 24 BFEIT - 72,

2.2) FYaREFUA(TSA) BRUAEZXL T (TAW)
DIXR O VGEEICHT HEHM

XL SN-FHMERTHDZ L2 RTHMWT, v bua—
e LT TSA R TAM ZAWVWT, bk é oA b
FUORBAEICE Y =X ba FUISEMEER ERE L
Too Flz. TSA MBIZ LB bua b UEEBEETORB
BERRERIZ DWW TR,

BrENTcsu~F U EEERELoTVWE, ZreFrD—
BN AET HEE (= — 7 v~ F L) CEEFRBILEEL
Eh, BEFREEAPEZZLELZLR TS, ZOEKE
C EERETOMES AT EFIT—EHADRE X B
VT T T T —EHDACYETH D, HAT X, B X o H4
DY PUBREOTEFMEIZEY 7 u~vTF U HEEIES
¥, BEFREBEEZERLCT D, £, TEF AL X b
iX HDACIZ & 0 72 F/VENERY R, 7 v~F 48
FLERE U CRBLUEIHI SN D, & 2 CARFHIEIC KT D&
IBFREROBMEa fr— L LT, HDAC BEHITH
Db Ry A@mR0 TSA A&, 7EFA{be R b
COER LR, RBETFRBERCEERL KIETTHHEEN
BT 27— R OEREEEICRN I T, F.

TA MRS UOTUEAIT2ANTHD TAM B I D= |

A b r S E R AT OB OMER 21T~ 1o,

(2.3) MCF-7 #HFE D TSALIBIZ R B T2 S5 —HEED
EE

NEMOZ A baF 2B I3 7D, EHERAEE
By RMEEZ &7 =/ — A Ly RARE MEM EHi%
AL, 3 BEEEL-MIEE 24 well plate H729 3.15x10°
cells/well THIRRZHEHE L7=, T D%, TSA % 20x10°M K&

VB2 % 1x107°M TERIMN L., 24 BRI, MARMhER
DOFMBEAT o 7z, FHHITFEEER % ST Cell Culture Lysis
Reagent [CCLR : fHAK ; 25mM Tris(pH7.8) -H;PO4. 2mM
EDTA. 2mM DTT, 10% 2 Ut&w—/, 1% Triton X-100]
FHEALUCHIREZRMTS Z LTIy, BODERICEDS
NeEEELVYT 27 —BEHEAERRY RV HERIC
FAWBRBLE L, M7 =5 —FDOIEEEEICIZLER
Y6 % FV 386 & Relative light units (RLU) ZHIE LTz, &
7B EREICIT Lowry E% AV, HIEHEIZRRIZ X D RO
7,

HIEMERLU/mg # 237 B)=#kF RLUX50(RLU/mL)+# >
/37 & B (mg/mL)

(2.4) MCF-7 #fa~D E2. TAMIB(Z L BN T 2 5—+F
DHERIFLE) 24wel | plate TOIEE)
TEERAEES D VIRRMEEREL 7 =/ — Ly BR
& MEM B:HC 3 AEEZE L7 fRIC B2 & TAM DR (TAM
FRBRE 1x10°, 1x105, 1x10"M. E2 #IBEE 1x1071'M) % ¥
MU, 24 FEEAIERZAT o 7o, FIRED B2 D4 OILEL 6]k
WATRVINY 7 25— Y ORBEELHE LT,

(2.5) MCF-7 #BBE(=&1T5 IF AERBREBECLSTX
PO UIREEDOEL

TSNRE T, EHEBRE L IEFEIBRTE L7z Merittd A L LB
BRI L BEBTHY . 21kHz TR 3.9mT O ERRIR
BT REB R L0, ZORBEEL, FEHEET
HB, W= AE2EELCEEL, BREOHELANICH
WA EEERWC, SEHE YA —F—T vy PR TIRE
BT IR BEE ML T\ 5, JOBRBEERIL, oA,
BRBEZRTHh 2 T ER L, £EOMEAADEICE
DI BEBEHBR Lz, —FixaA VR ERICER
L, PRSI BEEE & LT, AFI3ERN BRI,
BN BEE L L,
REROSEICIT, F MABRER, RLIRER, KO
MELT, BED CO BB, B 3 BEDA L F oy
— &AWz, EERLEEL Y VRELEEEL 7 = ) —
Ny RARE MEM E#iT 3 AESE L7 MCF-7 #ila%
6.0x10%ells/ well THEFEM ., B2 ZHIRE 1x107 Mmol/L & 72
BESICEMUEK 3.9mT FTO IF-MF {2 24 BFRBEL
Too FBITRFEOM 37°C. 5% CO,, BE 100%DREHE
A v Fan—2 =il E LT,
BEETHICHEEEIL, Vo7 =T —EORBER
LT,

3. BRBIUBE

(3.1) MCF-7 #HRAD T X b O4 LI E D
MCF-7 % 3.15x10° cells/well & 725 L 91224 RS L —
MR LARED E, WML 24 FFREEE&E L
(n=5), B2 IEEE 1x107°M 205 1x10°M £ CORE CLE L
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1

[y} ot 10 10® 10 107 10°

1 MCF-7HifamD = & b v 7 gt
Wiz (K1),

G.DTSAMEIZLBLL T S5—HDHKEREE
MCF-7 ¥ % 3.15x10%cells/well & 725 X 51224 KT L —
MTHERE L, TSAQX10M)E E,(1x107°M)Z IR L, 24 B
g LT, TSAWC L ANY T =5 — P BIEFREMED)
DR EBRORFERL R 2 ITHEEE R Lzm=5), BREZIT
ST FER, B2 AUHE L E2-TSA MR CHEZENRD b
(BEXKET I%TRELRL), ZOBRLYD, IFEREZD
BED S LERERER T, ERGEERTF~ORNENL - E
B L DB BIT AEBIZ DWW TCIIRH AR ThH A Z &
MRS,

x4 HRLU
g
&1

20

:;E_
Q ? O-TSA
g}" T T — #m+TSA
N

38 .

fir 8

=

o 0  — |

Control E, (10°10M)
2 MU AREFUAREDTR T UREE~DR
BT 2T —ERIRTFORBED) (*p<0.01)

(3.3) TAMMLIBIZ LBV 7 S5S—EDORBELE
MCF-7 % 3.15x%10%cells/well & 725 X 91224 X7 L— bZ

FEIE L. TAM (1x10°M. 1x10"M)& E, (Ix10"MYZIRIIL .

24 BfEEE Lz(0=3), B3 IZ TAM B LBy 7 =T
— VP BEFOLEEBC O TR LIEEREZ R LZ0=5).

Unpaired Student’s t-test {Z X W REZ T o7& Z A, E2 L
& B2 TAM #IREE 1x10°M 4LFR, B2 4LER L B2 - TAM &R
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Controf E, EZ+TMXO'7 E,+TMIX10¢
3XEXY T2y (TMX) LAY T =T—
PBRETREA~DEE

farr L7 E —~DOREAHEIZOWTIIRHAETH

BT ENGoT,

(3.4) IFHABREBIZLIILLTS—EDOHERREH

MCE-7 % 8x10° cells/well &£ 725 X 512 6 X7 L— MM
BL, X FTPF—nAx10"M)ZFM L, BERE E 2mT,
3mT 38 LT 3.9mT @ IF-MF 12 L 5 24 BRI DOIRE % 37°C,
5% COp. 1BE 100%D A v F 2 _X— % —NTIT o7z (n=3),
41T IF R BEEROBRIEZ RT 2 ER  REETT-
JofER, DMSO B, B2 AEEBEICBWT, BB, SLURE
HRTHEEIIRD DN o7 (EEKEIT S%TREL
7).

,MY
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® 4 oIF
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= 2

0
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Hin .

3]

5 0 ‘

DMSO Estrogen

4 IRPERFUT<EQIkHZ, 20D I L3 T X h A R
BV % A R

72 3mT. 3.9mT (220 Th, BRERE & ELUREHOM
DN T =T —FREEIT B2 FAE, LBEIZFDLTHR
Loz (M5 BIUK6), ThoDERNL, =R
b u A URBBOME, BXOMB S LMo X b
FUREIZ U THEBEEREAPEE L 202 EhAbho
o ZhUZ. B0, PREBERARZX bos iy
BOEREZHE WL, oA bl il L2 BETF
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REOBRBICHOIER LRI E2TRTENVZ S,

%td BRLULE
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B Sham
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DMSO Estrogen

5 IFRERIE< #Qlklz, 3nDICE AT A b AUk
BRI 5 M5

-

%9 HRWEL

olF
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—
[o\)
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Nl

DMSO

Estrogen

5 IFRERIT<EQLKHz, 3.9mDICE AT A hua b
BTN R 2 R 51

7272 L., BEFORBAOEIIZOWTIL, 8D TRVIG
EhbiUE, BORELH Y, BREEICE VAR EELT
BT BBOBMIIZIICEA TS, X5 IC RN
BELEBORBEITTALERH DL EEZTHY, &
X 4 BRREOEMMBEEERZ BRI L TVWDILZATH
%,

4. FEdH

KRB TIE, IF BERIRREOEYERL LT, ZMEBLV

M6 R~ D&% BENNEHET 2720, KHEOHRAHK
DH#EfE (MCF-7) IZ LR — & —BETFEEAN LR E A
W, 21kHz, 8K 3.9mT (ICNIRP HA KT A L ARIEE
BELAULD 144 (F) ORFBEBIC LD R b2 U5 1E
ABLIUOZR bl ot 2 I0E~OBE LB L,
FOFER 24 WEEIREE CTIX, =R b AU R ERAB IO X
b S U SEERT AR bl ol

5.

e

RO —ERITEA F BB F IR &. BELE -
fERS B TS AR A TSR = 2 (08150668)12 L » TITh iz,

X Tk

(1)

(2)

(3)

(4)

(5)
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Effects of exposure to 21kHz magnetic fields on estrogen-reguiated gene expression In MCF-7 cells

Yuki Ogasawara®, Masateru [kehata®, Sachiko Yoshie?, Yukihisa Suzuki®, Satoshi Nakasono®, Chiyoji Ohkubo® & Kazuyuki
tshii’

*Meiji Pharmaceutical University, Kiyose, Japan, 204-0004

2Raifway Technical Research Institute, Kokubunji, Japan, 185-8540

3Tokyo Metropolitan University, Hachioji, Japan, 192-0364

*Central Research Institute for Power Electric Industry, Abike, Japan, 270-1194

SJapan EMF Information Center, Minato-ku, Japan, 105-0014

To evaluate biological effects of intermediate frequency magnetic fields (IF-MF), estrogen-reguiated 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 activity was observed by IF-MF exposure for 4 days

although slight tendency of increase was observed. These resulls 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
metailic cookware are becoming popular in Japan. However, the fact remains that people concern about health risk of IF-MF
because assessment of health risk is not enough io date.

We have evaluated mutagenicity and promotion potential of the IF-MFs using several lest systems, so far. The |F-MFs
(0.91mT at 2kHz, 1.1mT at 20kHz or 0.11mT at 60kHz) did not have mutagenicily itself or co-mutagenicity for known various
mutagens in the bacterial mutation assay [1] and also did not induce micronucleus formation in V72 cells {2]. The F-MF
(21kHz, up to 3.9mT) did not induce micronucleus formation in CHUAU cells {3} and did not increase gene mutation at hprt
locus in CHO and DNA repair defective derivative celis [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 [H 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-reguiated gene expression under [F-MFs was
studied in order {o clarify its possible effect on hormonal responsiveness of female derived cells.

95

—203—




MATERIALS AND METHODS

Genetically modified MCF-7 cells (human breast adenocarcinoma cell line) 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 (150mmx150mmx»150mm} within + 5%
deviation was used [5].

In short term 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 control. 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 petii 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 period, total protein was extracted from each well using cell culture lysis reagent (Promega Co., US.A) on
ice. The extract was directly used for chemiluminescence assay using the Luciferase assay kit (Fromega 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.S.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 OmT-sham experiment. There was
no significant difference between OmT and sham withAwithout 107" 'M estradiol.

In shorf lerm 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 with/without 10™''M estradiol in each exposure condition.

In long term test, 2mT-sham experiment has finished. There was no significant difference in luciferase aclivity between
exposure and sham groups aithough 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-reguiated 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 2m7 for 4
days) in female breast adenocarcinoma derived MCF-7 cells.
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M 5 EEOREICL VRN EASNE, 5%IF, SKETRET DEEVERK KO
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EMF issue in Railway systems
- Evaluation of Biological Effects and Trends of Regulation ind apan-

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) [38,4]. 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 is 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.
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1. Trends of regulation in Japan

In Japan, the regulations of MF for protection of general public from short term
health effects such as nerve stimulation were enforced for electric utility company and
railway business operator recently. Power frequency (50Hz or 60Hz in Japan) MF

emitted from Substation, transformer, power line, etc. was the target of these

regulations.
Table Summary of ELF-MF regulations in Japan
Responsible Ministry of Economy, Trade and Ministry of Land, Infrastructure,
| ministry Industr _ Transport and Tourism

Name of | Ministerial Ordinance setting | Ministerial Ordinance to Provide
Ordinance technical standards concerning | the Technical Standard on Railway
electrical  facilities and its | and its interpretation

int tati

200uT — (200uT is noted in interpretation)

Measurement Adopted IEC62110 Adopted IEC62110 and IEC/TS62597
method

2. Evaluation of biological effects by exposure to MF

Besides the recommendation of short term effect, the WHO also recommends
further research to elucidate scientific uncertainty about health effects of long term
exposure. In fact, there are a few reports on biological effects of various EMFs that exist
in railway systems, such as intermediate frequency (IF) MFs that are related to
variable-frequency drive (VFD) installations in rolling stock and combined MFs with
different frequencies. To respond this, we've been performed biological studies for years.

For example in our study, mutagenicity, that related to cause cancer, and hormonal
effect by 21kHz IF-MF were evaluated. Mutagenicity was evaluated in in vitro
micronucleus assay (MN) using Chinese hamster lung derived CHL/IU cell that is a
part of the standard test battery for genotoxicity in the OECD guideline. For evaluation
of hormonal effect, MCF-7 cell (human breast adenocarcinoma cell line) modified with
an estrogen response genetic element (luciferase) as a reporter of gene expression was
used. The cells exposed to 21 kHz, IF-MF up to 3.9mT (144 times higher than reference
level for public in the ICNIRP guideline) for up to 4 days. Frequency of micronucleus

was analyzed by microscopic observation and hormonal effect was determined as
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expression of luciferase in the cellular extract measured by its chemiluminescence
assay.

As the result, there is no significant effect by exposure to 21 kHz, up to 3.9mT
IF-MF in both biological assays. Therefore, with taking into account these results and
practical situation that will be much weaker MFs than experimental conditions exist
where person can be in railway environment, it would suggest that IF-MFs in railway
have no or extremely small mutagnic and hormonal potential that will be not able to be
detected in general biological assays. Thus, it should not be considered that IF-MFs in
environment have any adverse health effect.Other data in strong DC MF, 50Hz and

their combined exposure condition will be presented at the conference.

3. Evaluation of dosimetry

For plausible safety evaluation of MFs should include clarification of MF that are
generated in our environment and estimation of the induced current/voltage using the
numerical model of human whole body. So far, we studied two types of numerical human
model are used to construct model condition in an electric train car. One model is
heterogeneous whole-body voxel models of Japanese adult male (Taro) and female
(Hanako) that developed by National Institute of Information and Communications
Technology (NiCT) and the other is homogeneous numerical human model Quete
(OGIS-RI, Japan). Two types of magnetic field source were examined. One is the
magnetic field by line current that considered the power cable under the floor. The other
is the magnetic field by magnetic dipole that considered the equipments such as reactor.
Induced current was calculated by impedance method [5]. In this calculation, voxel size
was 2mm and amount of voxels ranged 24,243,520 to 52,115,960. In addition, the
compliance of “reference level” of ICNIRP guideline for these magnetic fields was
evaluated. Maximum or average magnetic field density to expose human body was
normalized to the “reference level” and calculated the induced current in head and
trunk. These data compared with basic restriction (2 mA/m2) of ICNIRP1998 guideline.

Standing and seated position was examined in Quete. In each position, induced
current concentrated at bending region such as ankle, knee, crotch, armpit. On the
other hand, strong induced current was observed in organs that contained high water
content such as cerebral fluid and blood within bladder in inhomogeneous model Taro
and Hanako. However, the density of induced current in inhomogeneous model is lower
than homogeneous model Quete. Highest density of induced current was observed in the
magnetic field of line current because attenuation of the magnetic field lower than that

of magnetic dipole. Induced current by normalized average/maximum magnetic field
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to “reference level” of ICNIRP guideline shows approx. 10" mA/m? (average) or approx.
102 mA/m2? (maximum) in head and trunk. These results suggest that allowance in
basic restriction of ICNIRP guideline will be 10 times (average) and 100 times

(maximum) respectively. Evaluation of induced voltage is under evaluation.
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The World Health Organization (WHO) published an Environmental Health
Criteria monograph of Extreme Low Frequency Field (EHC, No. 238) in 2007. In the
EHC, they recommended that the international exposure guidelines should be adopted
by policy makers. To deal with this, Japan has recently introduced regulations for
protecting public people based on the ICNIRP guideline from short term health effect of
power frequency MFs that is generated by electric installations in power utility and
railway systems.

On the other hand, WHO also recommends further research to elucidate scientific
uncertainty about health effects of long term exposure. In fact, there are a few reports
on biological effects of various EMFs that exist in railway systems, especially about
intermediate frequency (IF) MFs that are related to variable-frequency drive (VFD)
installations in rolling stock. To respond this, we’ve been performed biological studies.

In our study, mutagenicity, that related to cause cancer, and hormonal effect by
21kHz IF-MF were evaluated. Mutagenicity was evaluated in in vitro micronucleus
assay (MN) using Chinese hamster lung derived CHIL/IU cell that is a part of the
standard test battery for genotoxicity in the OECD guideline. For evaluation of

hormonal effect, MCF-7 cell (human breast adenocarcinoma cell line) modified with an

estrogen response genetic element (luciferase) as a reporter of gene expression was used.

The cells exposed to 21 kHz, IF-MF up to 3.9mT (144 times higher than reference level
for public in the ICNIRP guideline) for up to 4 days. Frequency of micronucleus was
analyzed by microscopic observation and hormonal effect was determined as expression
of luciferase in the cellular extract measured by its chemiluminescence assay.

As the result, there is no significant effect by exposure to 21 kHz, up to 3.9mT
IF-MF in both biological assays. Therefore, with taking into account these results and
practical situation that will be much weaker MFs than experimental conditions exist

where person can be in railway environment, it would suggest that IF-MFs in railway
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have no or extremely small mutagnic and hormonal potential that will be not able to be
detected in general biological assays. Thus, it should not be considered that IF-MFs in
environment have any adverse health effect.

In addition, trends in Japanese regulation of MFs and future agenda in railway
systems will be presented at the conference.

This work was supported in part by The Ministry of Health Labour and Welfare in
Japan, Health Labour Sciences Research Grant (08150668).
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Obijectives: Considering human health effect related to railway environment is important to provide reassurance and
safety for customers and workers. It is known that zero to several tens kHz magnetic fields (MF) are generated in
rolling stock. However, there are still a few studies on health effects of MF with frequency of kHz which is named
intermediate frequency (IF), which are generated by several devices such as inverter on electric train. In this study, the
health effect of the IF-MF was evaluated by in vitro study using mammalian cell.

Method and Result: So far, we have newly developed an IF-MF exposure apparatus for in vitro study, which cells can
be exposed to 21 kHz up to 3.9 mT continuously under appropriate incubation condition. In this study, the effect of
the IF-MF on early phase of mammalian development using murine embryonic stem (ES) cell. Twenty-one kHz and
3.9 mT IF-MF was exposed to cells for 10 days when murine ES cell formed embryonic body (EB) and differentiated
into embryonic tissues (Fig. 1).

cDbservation of
beating cells
Caleulation of

ratio of beating
- cell aggregates

Praincubation
ES-D3 cell

96 well plate: Formation 24 well plate: ﬁiﬁ&r&aﬁatibn
of embryonic mﬁg to myocardial cells N

N V20 S W 7= I

Fig. 1 Schematic of IF-MF exposure to ES cells

In this experiment, contracting myocardial cell was an index of differentiation. On the day 10th, each cell aggregate
that was originated from an EB was observed by optical microscope and calculated the ratio of the number of the
cell aggregates including contracting myocardial cell to that of all cell aggregates. As a result, there was no
significant difference in the ratio of cell aggregate including myocardial cell between sham and IF-MF exposed cells

(Fig. 2).

* Corresponding author. Tel.: +81-42-573-7316 .
E-mail address: syoshie@rtri.or.jp .
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Fig. 2 Result of cell differentiation in 3.9 mT IF-MF exposure.
The ratio of beating cell aggregation to all of cell aggregation was
calculated. Each bar is indicated as ratio to sham exposure, 5FU
(5-fluorouracil) was positive control.

Impact: These results indicated that IF-MF did not affect the process of differentiation to myocardial cell of murine
ES cell under the conditions in this study. Namely, this result suggests that IF-MF would not affect on early
development of fetus, since the magnetic flux density of the IF-MF generated in railway environment is lower than
the one used in this study. This finding will contribute to explain the safety of MF in railway environment.

Implementation / What’s new: The regulation to prdtect human for power frequency magnetic field (MF) (50 and 60
Hz), which are generated from railway facilities, has been introduced in Japan since August 2012. The other
frequency range has not been regulated yet, however, evaluation of health effect is necessary for future

countermeasure.

Novel: There is no report to investigate the effect of IF-MF on the differentiation of murine ES cell.

International Collaboration: Welcome.

Acknowledgment: This work was supported in part by Research on Health Security Control, Health and Labour
Sciences Research Grants (08150668).

=217—



37

10th International Congress of the European Bioelectromagnetics Association (EBEA)
Rome, Feb.21-24, 2011

Development of novel in vivo exposure apparatus for intermediate

frequency magnetic field

Shin Ohtani', Akira Ushiyama'", Aiko Unno', Yuki Hirai’, Yukihisa Suzuki®, Keiji Wada®,
Naoki Kunugita' and Chiyoji Ohkubo®
' National Institute of Public health, *Tokyo Metropolitan University,
3 Japan EMF Information Center

’ corresponding author e-mail: ushiyama@niph.go.jp

Introduction

Although the use of induction heating (IH) cooking hob in Japan is increasing, there exist the public
concerns on health effect about the magnetic field from IH cooking hob, which generates intermediate
frequency (IF) magnetic field (MF). Due to the lack of the evidences, WHO recommended to study the effects to
biological system by IF-MF in the Environmental Health Criteria monograph (No.238, 2007). We, therefore, intended
to develop the exposure apparatus which can generate high magnetic flux density and uniform IF-MF to examine the
biological effects in vivo. In this study, we succeeded to develop novel in vivo exposure apparatus of IF-MF which

equipped with the water-cooling system to avoid thermal elevation derived from its coil.

Materials and Methods

We made a coil as shown in Figure 1 whose inner space is 23 x 23 x 40 cm. This coil can be set both vertical (Figure 1-
a) and horizontal (Figure 1-b) direction. The apparatus can generate IF-MF at 21 kHz (frequency) and up to 3.8 mT
(magnetic flux density). Induced current densities and eléctric fields within rats were calculated by the computer
simulation for two each direction (Figure 1-c,d,e). Impedance method was applied to calculate the induced current

densities and induced electric fields.

a) b)

Figure 1: In vivo exposure apparatus for IF-MF and three axes of placement of rats

To avoid the temperature increase by the heated coil, we prepared the water-cooling system as shown in Figure 2.

During the exposure period for 60 minutes at 3.8 mT, the inside temperature of the coil was measured by the fiber-
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optic thermometer, while the surface temperature on the coil was measured by the infrared camera.

a) c)

Figure 2: Experimental setup of water-cooling; a) Water loop piping,
b) The coil with water loop, ¢) Water-cooling system.

Results

Homogeneous IF-MF (<+5% range) was generated in the space of 20 x 20 x 20 cm inside of the coil. When the rats

were located as Figure 1-c, d and e, induced current densities and electritc fields within rats were shown in Tablel.

Table 1 : Induced current density and electric field of rats

Induced current density [A/m?] Induced electric field [V/m]
Direction of MF Max. Mean Max. Mean
Back-abdominal (Figure 1-c) 9.64 0.57 34.29 4.71
Right-left (Figure 1-d) 6.44 0.38 4171 . 3.16
Head-tail (Figure 1-¢) 5.75 0.31 22.81 2.68

As shown in Fig 3, the surface temperature increased by 25 °C during the exposure for 60 min. Although the inside
temperature increased by approximately 8 °C without any countermeasure, it appeared that the inner temperature was

within the range of room temperature variation (24 + 1 °C) under the water cooling condition.
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Figure 3: Variation of surface and inside temperature of the coil

Summary and Conclusions

The apparatus, we reported here, enablé to expose high flux density of IF-MF to rodents uniformly. The computer
simulation provided us the detailed information as induced current density and electric field. It also appeared that
water-cooling is effective to avoid thermal elevation derived from coil. The maximum magnetic flux density of this
apparatus (3.8mT) is more than 600 times higher than that of the reference level to general public of ICNIRP guideline
(6.25 uT). In conclusion, this apparatus is appropriate to elucidate the biological effects of IF-MF exposure in vivo.

We are planning to examine the haematological and immunological effects by using this apparatus.
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