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INTRODUCTION

Recently, induction-heating(IH) cooking apparatus have come to be widely used in
Japan. There has been growing public concern for the biological effect of intermediate
frequency magnetic field[1]~[4]. This paper presents a design procedure of a localized
alternating magnetic-field generator for exposure to a pregnant rat. A plane shape two-
layered coil and a power supply with step-down transformer is designed. The magnetic
field generator rated at 28.7 mT and 20 kHz confirms the validity of the design procedure
by the experimental results.

System Configuration

Fig. 1 shows a magnetic field generator coil for a pregnant rat. The wire of the coil
is used a water-cooled copper pipe because the current density of the wire is set over 10
A/mm?. The two-layer and 10 turns plane shape coil is manufactured as shown in Fig.
1. The outside diameter a is 64.5mm, and the inside diameter b set to 22.0 mm. Fig.
2 shows circuit configuration of the magnetic-field generator that consists of an voltage-
source inverter and a series LC resonant circuit with step-down transformer. The L.y
means the inductance of the a magnetic field generator coil. The inverter rated at 100 V
and 25 A is used as a single-phase full-bridge inverter. The duty ratio of the inverter was
set to 50%, so that I, was controlled by the DC voltage Vpc. The turn ratio of the step-
down transformer is set to 4.5 (N;=18 turns, and No=4 turns). Moreover, the resonant
capacitor is connected to inverter side because of preventing a DC magnetization of the
transformer and reduction of the capacitance.

The total inductance of the circuit is 80.4 pH including L., and the leakage in-
ductance of the transformer, and the capacitance C of the capacitor is set to 808 uF.
Therefore the resonant frequency of the circuit is 19.7 kHz.

Experimental Result

Fig. 3 shows the experimental waveforms when the magnetic field generator produces
28.7 mT at the center of the coil(z = 0). In this case the coil current I, flows 100 A
when the inverter current /; is set to 22 A. Fig. 4 shows experimental and analytical
results the relationship between the distance z and the magnetic flux. These analytical
results are corresponds to the experimental results.

Fig. 5 shows the experimental setup of the coil, transformer and capacitor.

CONCLUSIONS

This paper shows a localized magnetic field generator using a two-layered coil and
the coil can generate 28.7 m'T, 20 kHz magnetic field flux at the center of the coil.
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Abstract There are household appliances which generate magnetic field in our daily lives. When such household
appliances are used, There are opportunities to exposed to magnetic field for general public. Induction heating
hob is one of the example. Therefore, there has been public concern for the health effects of human exposure to
magnetic field in intermediate frequency band. WHO recommends the studies for magnetic field exposure in inter-
mediate frequency band. Animal and cellular studies are recommended. Therefore, the in vivo exposure apparatus
was originally developed to investigate the biological effect of localized magnetic field in intermediate frequency
band. Numerical dosimetry is performed with pregnant rat model in designing the configuration of magnetic field
generatic;n coil to obtain sufficiently localized induced quantities within fetuses of the rat model. As the result, this
apparatus achieved 11 times larger induced current density within fetuses of rat than that provided by the basic
restriction of general public by ICNIRP in 1998, and as large induced electric field within fetuses of rat as that
provided by basic restriction of general public by ICNIRP in 2010.
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Magnetic Fields in Intermediate Frequency Band generated by IH-hobs.
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There have been growing public concerns about possible health effects of electromagnetic fields in intermediate frequency
band (300 Hz~10 MHz). An IH-hob is given as a source of electromagnetic fields in intermediate-frequency band. We
measured the magnetic fields in the vicinity of IH-hobs based on the IEC 62233.

Long Abstract
Introduction

There have been growing public concerns about possible health effects of electromagnetic fields in intermediate frequency
band (300 Hz~10 MHz). An IH-hob is given as a source of electromagnetic fields in intermediate-frequency band. In the
vicinity of IH-hobs, the distribution of the field is non-uniform. In these cases the measurement of the maximum field strength
in the position of space occupied by the body result in a conservative exposure assessment [1]. IEC-62233 set the standard
method to measure magnetic fields from household appliance [2]. In this study, we measured the magnetic fields in the
vicinity of IH-hobs based on the IEC-62233.

Method

We used seven commercially available IH-hobs. Operating of frequencies of the |H-hobs are around 20 kHz for a stainless
pan and more than 60 kHz for an aluminum pan. The magnetic field was measured with the magnetic field meter (HIOKI,
3470) along the vertical line at the distance of 300 mm from the surface of IH-hobs as shown in Fig.1. Measurement interval
was 50 mm. The measured frequency regions were 10 Hz — 400 kHz (frequency range 1) and 2 kHz — 400 kHz (frequency
range 2).

Results

The main operating frequency and maximum power for each IH-hob are listed in Table 1. Figure 2 shows the maximum
magnetic fields measured for each IH-hob. The magnetic fields around 20 kHz for stainless pans-were higher than over 60
kHz for aluminum pan. There was a difference around 3 times among the IH-hobs even in the similar operating frequency.
The magnetic fields measured with frequency range 1 which include frequency of commercial power supply were higher than
that of frequency range 2. We confirmed that the magnetic fields measured with IEC-62233 were below the reference level
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Figure 1. Schematic view of measurement
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Figure 2. Maximum magnetic field for each IH-hob (frequency range 1: 10 Hz - 400 kHz, frequency range 2: 2 kHz - 400 kHz)
Table 1. Operating frequency and power for each IH-hob
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Study on a simple detection system for breast-cancer at early stage
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In this paper, we investigated feasibility of a simple detection system for breast cancer at early stage using proper detection
metrics based on the input impedance of antenna and the scattering characteristics. Possibility of detection was tested for
two types of antennas by changing tumor size, number of antennas and frequency. We found that cancer tissues can be
detected using the proposed system configuration and the detection metric for scattering parameters.

Long Abstract

OBJECTIVE: Breast cancer is the most common type of cancer among women. The earlier breast cancer is found, the
better the chances that the treatment will work. The existing devices for detecting breast cancer such as Mammography, MRI
(Magnetic Resonance Imaging) have some limitations. The objective of this study is to develop an inexpensive portable
device for early detection of breast cancer. Tumor detection at microwave frequencies is based on the significant contrast in
dielectric properties between malignant tumors and normal fatty breast tissue [1]. The sensing method for early detection is
based on the left and right symmetry of the human breast. In this paper, we studied the possibility of sensing the presence of
breast cancer with proper detection metrics by changing the tumor size, frequency, and number of antennas.

METHODS: The detection system studied in this paper- consists of 4 antennas placed around a circle of radius 150 mm as

shown in Figure 1. One of the antennas is a transmitting antenna and the others are receiving antennas. The detection

metrics used in this paper is defined as the normalized variation of the input impedance (Z) of the transmitting antenna and

scattering parameters  between  the  transmiting antenna and the receiving ~antennas  (Sx):
#

3
|Z — Zo /1 Zo). Y 11861 = Siaol/ Sia_o)

| oy , in which the parameters with subscript 0 denotes the values for a
breast without cancer.
Breast was simplified as a hemisphere (radius 50 mm), and a spherical tumor was located at the center of the breast tissue.
The electrical property of breast tissue was obtained from the volume average of fibro-glandular tissue and fat tissue for
typical Korean women (HD type). The values in Table 1 are based on the measured data by Chungnam National University.
Simulations were performed using REMCOM’s XFDTD for cancer radii of 1, 2.5, 5, and 7.5 mm at a frequency of 700 ~ 1700
MHz, using dipole antennas and folded microstrip antennas. FMA (Folded Microstrip Antenna) was designed to miniaturize
the antenna and to improve the directivity. It is not shown here, but the efficient choice of number of antennas was also

tested. To analyze the effect of the body (160 x 160 x 180 mm?), simulation was also performed for the configuration in figure
2(b). The body is composed of muscle and its size was determined from the typical body size of Korean women.

120
—1711—



P-1-073

o R B S R SR D A W S B A
Ml B, SL ST, R
POHGTT BUATRMIE ENTY

[Z L) BRAOBERZSCHETALELOMMIERELT
B, TOH, EEHMEKE (WHO) e\ Th, R
REPENLERY AP EDEN TV, ThETI, &
WA K CRAFEE100kHz LT O FUCBE L Tid. 28y
AV EFERED Y, BEAEISATFUTHHFINA TV S,
THNSOFHEIE, F& L TELOMEMREI N TV BEEE
Wl (EICEHEBEE 50/60H) ORERICEIVTWBEEEX
5N%, —H. PHEERS (300Hz~ 10MHz) OETRFICDWV
T, BROBE REHNBICHBIEATATVIL00,
R L UTEWMEE - @) A YO0+ ik EEBRT—
HFEBINTOWEY, BLE, PREEROEE) X7 5N
BE9 2 BEBWLHIREES 0, PR PEERR R IREER
BEWEL, invitroTOEREM, T8V 274 VX, FIVE
UISE. DMeNDEEEFHEL TN FETH . AL TIE.
MRS, IMEESICET 3T HENRBER R L
AR R R R R B OB ST 5,

[ ] RREERRROERFEEICET 2 FHEEHMsTE LT,
V79 KRR O NGB ETT o T2, BEICIEEROTEE o
A IWEBWZREERS AV, 2. 10, 20kHz TEK 1mT ORFHR
ZIBE LTz, MIRZRIESREE. 3S5mmD Y ¥ —LIZHEL, 37°C,
5%CO, BB T CH IR IR & 24 RERSIRE L Tz, ZO%M%E
B L., ATXDRS A R TS5 ACHEEDEL 1. 24BFE1%E
YA NSV BIERTY, BIC 24 RS LRIl
BEE LR, 72V YVREAETN, FW1000ME0 2. &
BN F DR T/IMGER DRI EEET 5 C &L TINEFREE
ERIEL. BRBERTOTE CLEET - I REOE & &
Hlg Ufe, BEFRBEEDE— D HR SR O SRE OB O IREZEM
BB 1zIc, Meritt BIDRERA T A L7z & CICEREIFH OEFE
FRICBRR U, /. BEIAVATICRET 2 HIBMOR
B AR BE LT,

[#ERB X UEE] MERICBV T, SAERICBT 5 EHR
B GEILLERE DIRUITY, SRR & AR O M T O/NEH
BHEER L L, WINOBERGTH->TEH, WARE
Bt L xR L ORI CHETENICERRZER R hiah o7, &
N5DT eh S, KPFFE CHRET U ImTREEEO R E R,
VIO B TMEEFE L T E WAL & ix o fo, —7,
FHRICEE U IREEEE . —AhY 30em DI I A L4 ED
5% 0., BASETOBHOMRE, 150mm X 150mm X 150mm
DZERIAIC 20kHz, BA3.4mT (ICNIRPIC & 5 BESR OBREHITR
KBS B A RTA VDO~ BRICBIZBE LNV 625, T
D540 O—RRESR REFEREDREN 5% ZHEL.
Z OZERC. 90mm S v — L E e ld 96well 7L — - 8RR
AR R A AR RBEHEAADLERC LT, MlaoiEE
BREAEELANS, SRR RICIREE A Re i EERIREE
BEBELRZ, BE, ABBEBEEZHVT. VIOMlEB I T
CHL/IUIEZ BV, /IMEGEABRE OB Z 1T > T b,
(tEE) AR TR, EHMAEHEE SRESEE. sREAH
g, BHEEMEEE HENEFRCERED SHIRE
XFEL, TTICHELBHHELLEET, £, RHFEOEB
FEEFEHNEMEEMDS. BRERE - GEREENRR S
FEEICEH>TIHDNE LR,

R 524 (BEEED, 2010

P-1-074
BiSOREHREEFREAEERICRETAHZ
AL (5)

WK BEEL A BOE. 0 B

| HREEEERAERIRREEEE

[E6] A REERELARARBEICBO TR L BLADE
BEWMEIFET A EENE, TNE TICHERIBICEEV R
WEINGERDRD SN, -, REE L LEMEDES
BT X 0 LEMB I & B/ WEEREENTUE Lz, 7 A2V
Y VEEDORIREIC & D EAREIC & D FIE Ui MR DM
ENBCEHWELMC LTz, Eir. BESRISEBRET S LI
BB EIEBE R X 5 (Watanabe et al.; Industrial Health
1997), X BIC, WERUEN 7V —S UV RIVEEREZBHL TW3
Ted, 8OHIG I —H— LTHLOMCLTE R, SEI,
XBUC & BRI NA/MEEER L 8-OHAG BB LA & (&
TEBHEHLMNMCT B,

7]

1) BALB/c YW R IGy DXRE RS L. BEBIC 5T OIS

(B2) % 24FSROIREE U7z, ABRE & 0 BEMBZET. MG
R EmT 5 &, DNAZMH LU T nuclease P1IC TR
#%. B 8-OHAG Check (HAZLHIEMIZAT 1< T8-0OHAG
FHIE LT,

2) XU, TAANVEVEEREES L, 1IGyDXARERE L,
B 61 5T D% 24 B RERRE U Tz, /MEEERAE & 8-OHdG
- A O

[#&5]

1) IGy DX#ERE% 4 BFEH . FRIC/IEFAHREZL 8
OHAGEEDE L & o Tz,

2) 1ICyDOX#E %, BHICHREREEZERE L T 24RMED
INGERRAEE & 8-OHAG FEEIS, XIRBIBME L D EE ko
7o

3) TAINE VERESICED, XIREEBBUBOEAREICK
B/MGERFE & 8-OHAG AR mHI LT,

[(E%]

T AVE VERZEEERTR T, THUEIMIOOHENREEL T
H+E 7AWV VT =4 kb1 TH b, EENOHRHE
BV TIRER T AN E VBT oAV E LTHEELTYL
B FAIVE VEEDRWVETLEHZRT O, BRRIEBILE
NTTFE R AV VEBICK S D TH B, 7 AIANEY
FEH, XA & RIS O S IREIC X B/ EEER L 8-OHAG EEE
FMEILI-0R FEROBRICK S LEZ D, %, TVHIVE
EHI0 Edaravone Z VT, E6KZ AN X LEZMADNT S
FETH 5,

FEREP HEEERERTOENE (7)) - VhIVER
g LRBEAREIC X A ROREEFERE B LEIEEIC
SOIHIL, BBV X/ B{EBTE 20 REENH 5,

521

—172—




Development of exposure system of intermediate frequency magnetic fields
for in vitro test systems

Masateru Ikehata!”, Keiji Wada?, Yukihisa Suzuki?, Sachiko Yoshie', Taiji Sakai’,
Kanako Wake®, Satoshi Nakasono®, Masao Taki’ and Chiyoji Ohkubo’

! Biotechnology Laboratory, Railway Technical Research Institute, Kokubunji-shi, Tokyo, Japan, > Department
of Electrical Engineering, Tokyo Metropolitan University, Hachioji-shi, Tokyo, Japan, *National Institute of
Information and Communications Technology, Koganei-shi, Tokyo, Japan, “Central Research Institute of
Electric Power Industry, Abiko-shi, Chiba, Japan, 5Japan EMFInformation Center, Minato-ku, Tokyo, Japan

"Corresponding author e-mail: ikehata@rtri.or.jp

INTRODUCTION

Health effects of magnetic fields and electromagnetic fields (EMFs) are still concerning in
the society. Therefore, WHO is conducting the International EMF Project to evaluate health
risk by exposure to EMFs. They already published two environmental health criteria
monographs for static electric/magnetic field (No. 232, in 2006) and time-varying (<100
kHz) electric field and magnetic field (No. 238, in 2007). In the EHC No. 232, they
summarized that the biological effects of intermediate frequency (IF; from 300 Hz to 10
MHz) MFs have not been studied enough to estimate its health risk, and recommended
further research in frequencies between 300 Hz and 100 kHz. In order to deal with. this
situation, we have started new research project to estimate biological effects and health risks
of IF-MFs. In this study, we developed newly designed IF-MFs exposure system for in vitro
test systems and started to evaluate biological effects.

MATERIALS AND METHODS

Recently, it is becoming popular to use IH cooking apparatus in Japan. A time-varying
magnetic field with frequency range 20 kHz to 100 kHz is used as the fundamental heating

frequency and among those, a 20 kHz IF-MF is mainly used. Besides, industrial inverters (e.g.

inverter used for VVVF electric train) are also used in these frequencies. From these, [F-MFs
are possibly strayed in environment. Thus, 20 kHz is primary target frequency in this study.
Existing guideline by the International Commission on Non-Ionizing Radiation Protection
(ICNIRP) provided reference level of exposure (6.25 pT in these frequencies range for
public). Thus, we decided 3 mT (about 500 times higher than reference level of ICNIRP
guideline) was set as maximum field strength of IF-MFs. In order to achieve this strength and
sufficient exposure space, Merritt coil was chosen as the coil configuration. The
configuration of circuit and coil of this system will be presented by Prof. Wada, et al. in
detail at another presentation of this conference. Temperature, humidity and concentration of
CO, was controlled using an incubator that made by resin that was located inside of the coil.
We developed two identical units of the coil and also the incubator. We arbitrarily combined
each unit and used one for exposure and the other for sham-exposed control. Culture
condition was examined by incubation of CHL/IU, a Chinese hamster lung cell line, cells.
For biological experiment, CHL/IU cells are incubated in exposure apparatus with or
without MFs for 24h in 90mm Petri dishes or 96 well test plates. After the exposure, cells are
fixed and stained for counting micronucleus. The ratios of micronucleus formation are
estimated by counting micronucleus in approximately 2,000 cells. Growth of cells is
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estimated by colorimetric assay using WST-1.

RESULTS AND DISCUSSION

Newly developed exposure system is capable of
generating 20 kHz, up to 3.9 mT IF-MF (624 times
higher than reference level (6.25uT) for public in
existing ICNIRP guideline) within exposure space
(150mmx>150mmx150mm) within £5% deviation.

Six 90mm Petri dishes or six 96 well test plates are
able to be putted in the resin CO, incubator that
located inside the Merrit coil. This water-circulated
incubator was able to maintain temperature in
exposure space at 37 + 1 °C with IF-MF exposure up
to 3.9 mT or without IF-MF. It was confirmed that the
culture condition of this resin incubator was
appropriate since CHL/IU cells revealed normal
growth in the incubator without IF-MF. Thus, strong
IF-MF exposure for cell culture was established for in
vitro experiments, such as cell culture system using
this exposure system (Fig. 1).

In the biological experiment, analysis of cell
growth and micronuclei frequency in CHL/IU cells
under IF-MF exposure are underway. Preliminary
result shows no difference in growth and the results of
effect on growth and frequency of micronucleus will
be presented at the conference. Previously, lack of
genotoxicity of IF-MFs (20 kHz, up to 1.1 mT for long
term exposure[1], and 23 kHz, 6.05 mT for short term
exposure[2]) have already been reported. We will
confirm this result in part and also investigate several
epigenetic indices in the future.

CONCLUSION

Fig. 1 Photographs of the exposure
system. (a) : the Merritt coil and the
incubator, (b): the rack used for the
incubator.

We developed exposure system of strong IF-MF (20 kHz, up to 3.9 mT) for in vitro test

systems, such as cell culture. '
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Introduction

Environmental health criteria (EHC) monograph for time-varying (<100 kHz) electric field and
magnetic field (No. 238, in 2007) published recently by World Health Organization (WHO)
summarized that the biological effects of intermediate frequency (IF; from 300 Hz to 10 MHz) MFs
have not been studied enough to estimate its health risk, and recommended further research in
frequencies between 300 Hz and 100 kHz. In order to deal with this situation, we have started new
research project to estimate biological effects and health risks of IF-MFs, especially for several tens
kHz that frequencies are used in IH cooking heaters, main inverters in railway vehicles, etc. In this
study, genotoxic effects of strong intermediate frequency magnetic field (IF-MF) was evaluated in
in vitro micronucleus assay using CHL/IU cells.

Materials and Methods

Our newly developed exposure system is capable of generating 21 kHz, IF-MF up to 3.9 mT
(624 times higher than reference level (6.25uT) for public in existing ICNIRP guideline) within
exposure space (150mmx150mmx150mm) within £5% deviation.

For evaluation of genotoxicity by exposure to IF-MF, in vitro micronucleus assay (MNvit)
using CHL/IU cells was employed as one of world standard genotoxic assay systems in this study.
Cells were incubated in exposure apparatus with or without(sham) MFs (2, 3 or 3.9mT) for 24h and
48h in 90mm Petri dishes or 96 well test plates. After the exposure, cells are fixed and stained for
counting micronucleus. The ratios of micronucleus formation are estimated by counting
micronucleus in approximately 2,000 cells. Growth of cells was estimated by colorimetric assay
using WST-1.

Results and Discussion

Preliminary result shows micronucleus frequency in exposed cells (2 mT, 24hr) was 1.1% while
that in sham exposed cells was 1.2%. On the other hand, mitomycin C (DNA crosslinker, antitumor
agent) treatment (0.04pg/ml) induced significant increase of micronucleus (3.4%). This result
shows that 24 hr(long term) exposure of 21 kHz IF-MF does not induce micronucleus in CHL/IU
cells even in its strength of 2 mT which exceeded 320 times of reference level for general public in
current ICNIRP guideline and the result is consistent with previous studies[1,2].

Analysis of cell growth and micronucleus frequency under other IF-MF exposure conditions is
underway and will be presented at the conference.
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Introduction

A few studies on biological effects of intermediate frequency (IF) magnetic fields (MF) have been
reported, even though the opportunity that people expose to IF-MF are increasing with several devices such
as TH cooker, inverter equipped on electric train and so on. Since there are few reports about long term IF-MF
exposure, it is important to evaluate biological effect of long term IF-MF exposure. Recently, we have
developed the exposure apparatus of IF-MF, which was designed for long term exposure for in vitro study. In
this study, the effect of IF-MF on growth rate of various cell lines which are deficient in DNA repair was
investigated, and mutagenicity was assessed by HPRT mutation assay using CHO-K1 cells.

Miaterials and Methods

The exposure apparatus of IF-MF employs a meritt type coil as a basic structure™). This exposure
apparatus generates homogeneous IF-MF (+5%) under the condition of 20 kHz and maximum magnetic flux
density 3.9 mT in the cubic space of 150 mm on a side. A CO; incubator is installed in that homogeneous
IF-MF space to be able to expose MF to cultured cells. As sham exposure, identical combination system of a
CO; incubator and a merit coil was prepared and used without energizing (no-magnetic field) in parallel to
IF-MF exposure. Chinese hamster ovary cells, CHO-K1 and its DNA repair deficient derivatives, xrsS
~ (Ku86), V-3 (DNA-PK), irs1SF (XRCC3) and EM-9 (XRCCI) were chosen in this study. To investigate the
growth rates, 100 pl aliquot (104 cells/ml) of these cell lines poured into each well of 96-well plates and
incubated for 24 hr prior to the exposure period, then the plates were exposed to IF-MF. After 0, 24, 48 and
72 hr, 10 pl of WST-1 premix solution (TaKaRa Bio Inc.) was added to 4 well each and then put back to the
appratus. Absorbance at 450 and 630 nm was measured using microplate reader (Bio-Rad laboratories, Inc.)
after incubation for 3 hr. Furthermore, HPRT mutation assay was done using CHO-K1 cell line. CHO-K1
cells in 60 mm culture plate was exposed to 2 mT IF-MF for 24hr. Exposed cells were subcultured and
incubated for several days to fix mutation. After 5 days, these cells were subcultured in Ham’s F12 medium
for cloning efficiency and the medium containing 6-TG for 6-TG resistant mutant detection.

Results and Discussion

Comparing growth rate between IF-MF exposure and sham exposure, there are no significant difference
in CHO-K1, xrs5 and V3 in up to 72 hr exposure. This result suggests [F-MF exposure does not affect cell
growth regardless of the ability of DNA repair. For cell lines EM-9 and irs1SF, growth rates have been
investigated. Furthermore, HPRT mutation frequencies were 4.3+2.3 and 6.74+4.3 per 10° survival cells for
IF-MF and sham exposure, respectively and there is no significant difference between IF-MF exposure cells
and sham exposure cells. On the other hand, methyl methanesulfonate (MMS: 5 pg/ml) significantly induced
6-TG resistant mutant. This result indicates that IF-MF exposure does not cause mutation under experimental
condition in this study.
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Abstract

To evaluate biological effects of IF-MFs, we investigate growth in various DNA repair deficient cells (such as
Ku86, DNA-PK, XRCCI), frequency of micronucleus in CHL/IU cells, gene mutation frequency at Aprf locus in
CHO-K1 cells by exposure to 2 mT 21 kHz IF-MF (320 times higher than reference level (6.25 uT) for public
described in current ICNIRP guideline) for 24-72 hrs.

As the results, we have not observed any significant effects by exposure to 2 mT, 21 kHz IF-MF in every
experimental index. This suggests that IF-MF is unlikely to cause adverse biological effects.

Introduction

Health effects of magnetic fields and electromagnetic fields (EMFs) are still concerning in the society.
Therefore, WHO is conducting the International EMF Project to evaluate health risk by exposure to EMFs. They
already published two environmental health criteria monographs for static electric/magnetic field (No. 232, in
2006) and time-varying (<100 kHz) electric field and magnetic field (No. 238, in 2007).

On the other hand, various intermediate frequency magnetic fields are generated in various situations such as
cooking with IH cooking hob, taking electric train, using RF-ID tags or IC cards. However, health risk of
intermediate frequency magnetic fields (IF-MFs) is inconclusive because there is a few research to date, thus
further research in frequencies between 300 Hz to 100 kHz are recommended by World Health Organization
(2007). In order to deal with this situation, we have launched new research project to estimate biological effects
and health risks of exposure to IF-MFs. In this study, we developed newly designed IF-MFs exposure system for
in vitro test systems and started to evaluate biological effects.

MATERIALS AND METHODS

Recently, it is becoming popular to use IH cooking apparatus in Japan. A time-varying magnetic field with
frequency range 20 kHz to 100 kHz is used as the fundamental heating frequency and among those, a 20 kHz IF-
MF is mainly used. Besides, industrial inverters (e.g. inverter used for VVVF electric train) are also used in these
frequencies. From these devices, IF-MFs are possibly strayed in environment. Thus, around 20 kHz is primary
target frequency in this study.

Existing guideline by the International Commission on Non-lonizing Radiation Protection (ICNIRP) provided
reference level of exposure (6.25 uT in these frequencies range for public). Thus, we decided 3 mT (about 500
times higher than reference level of ICNIRP guideline) was set as maximum field strength of IF-MFs. In order to
achieve this strength and sufficient exposure space, Merritt coil was chosen as the coil configuration.
Temperature, humidity and concentration of CO, was controlled using an incubator that made by resin that was
located inside of the coil. We developed two identical units of the coil and also the incubator. We arbitrarily
combined each unit and used one for exposure and the other for sham-exposed control. Culture condition was
examined by incubation of CHL/IU, a Chinese hamster lung cell line, cells.

For biological experiments, CHL/IU was used for micronucleus assay. In addition, Chinese hamster ovary cells,
CHO-K1 and its DNA repair deficient derivatives, xrs5 (Ku86), V-3 (DNA-PK), 1rsISF (XRCC3) and EM-9
(XRCCI) were used in this study. To investigate the growth rates, 100 pl aliquot (10* cells/ml) of these cell lines
poured into each well of 96-well plates and incubated for 24 hr prior to the exposure period, then the plates were
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exposed to IF-MF. After 0, 24, 48 and 72 hr, 10 pl of WST-1 premix solution (TaKaRa Bio Inc., Japan) was
added to 4 or 16 well each and then put back to the apparatus. Absorbance at 450 and 630 nm was measured
using microplate reader (Bio-Rad laboratories, Inc., USA) after incubation for 2 or 3 hr.

In this study, we performed two mutation tests. One is HPRT mutation assay that was done usmg CHO-K1
cells and the other is in vitro micronucleus assay using CHL/IU cells.

In HPRT mutation assay, CHO-K1 cells in 60 mm culture plate was exposed to 2mT IF-MF for 24hr. Exposed
cells were subcultured and incubated for several days to fix mutation. After 5 days, these cells were subcultured
in Ham’s F12 medium for cloning efficiency and the medium containing 6-TG for 6-TG resistant mutant
detection.

In in vitro micronucleus assay, CHL/IU cells are incubated in exposure apparatus with or without MFs for 24h
in 90mm Petri dishes. After the exposure, cells are fixed and stained for counting micronucleus. The ratios of
micronucleus formation are estimated by counting micronucleus in approximately 2,000 cells.

RESULTS AND DISCUSSION

Newly developed exposure system is capable of generating 21 kHz, up to 3.9mT IF-MF (624 times higher than
reference level (6.25uT) for public in existing ICNIRP guideline) within exposure space
(150mmx=150mmx150mm) within £5% deviation. '

Six 90mm Petri dishes or six 96 well test plates are able to be putted in the resin CO, incubator that located
inside the Merrit coil. This water-circulated incubator was able to maintain temperature in exposure space at 37
£ 1 °C with IF-MF exposure up to 3.9mT or without IF-MF. It was confirmed that the culture condition of this
resin incubator was appropriate since CHL/IU cells revealed normal growth in the incubator without IF-MF.
Thus, strong IF-MF exposure for cell culture was established for in vitro experiments, such as cell culture system
using this exposure system (Fig. 1).

Fig. 1 Photographs of the exposure system. (a) : the Merritt coil and the incubator, (b): the
rack used for the incubator.

In the biological experiments, growth rate under IF-MF exposure (up to 3.9mT) was examined in CHL/IU,
CHO-K1, xrs5, V3, EM-9 and irs1SF. We observed no significant effect on the growth rate up to 72 hr in all of
the cells and there is no difference between exposed and sham exposed group. This result suggests IF-MF
exposure does not affect cell growth even in DNA repair deficient cells. Results of CHL/IU cells were shown in
Fig. 2 as typical result. Results in other cell lines are similar to the results of CHL/IU cells.
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Fig. 2 Cell growth under IF-MFs (a; 2mT, b; 3mT, ¢; 3.9mT)
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BIOLOGICAL EFFECT OF IF-MF

In HPRT mutation assay, mutation frequencies were 4.3+2.3 and 6.7+4.3 per 10° survival cells for 2mT, 21kHz
IF-MF and sham exposure, respectively and there is no significant difference between IF-MF exposure cells and
sham exposure cells. On the other hand, methyl methanesulfonate (MMS: 5 pg/ml) significantly induced 6-TG
resistant mutant. This result indicates that 2mT, 21kHz IF-MF exposure does not cause mutation under
experimental condition in this study. Fig. 3 shows the result.

In in vitro micronucleus assay, micronucleus frequency in CHL/IU cells was not affected and remained almost
same as sham control by exposure to 2mT, 21kHz IF-MF for 24 hr. On the other hand, treatment with MMC
(0.04 pg/ml) caused significant increase in micronucleus frequency. These results are shown in Fig. 4.
Accordingly, it indicated at least 2mT, 21kHz IF-MF did not induce micronucleus in CHL/IU, cultured
mammalian cell line. Analysis of assay by exposure to 3 or 3.9mT, 21kHz IF-MF for 24 hr are underway.

Dosimtry of each sample was estimated by analytical solution method. As the result, average induced currents
were estimated 6.33 A/m’ in 90 mm dish, 4.22 A/m’ in 60 mm dish and 0.05 A/m” in 96 well microtiter plate
under 21 kHz, 2mT IF-MFs exposure.
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Fig. 3 Mutation frequency at Aprt allele of CHO-K1 Fig. 4 Micronucleus formation per 1000 cells in
cells by exposure to 2mT, 21kHz IF-MF. CHL/1U cells by exposure to 2mT, 21kHz, IF-MF.
(Sham; sham exposure, IF; 2mT, 21kHz IF-MF, (Control; conventional CO, incubator, Exposure;
MMS; 5 pg/ml of methanesulfonate, *; p<0.05 by 2mT, 21kHz IF‘MR Sham; sham exposure, MMC;
Student’s #-test) 0.04 pg/ml of mitomycin C, *; p<0.05 by Student’s

t-test)

Previously, lack of genotoxicity of IF-MFs (20 kHz, up to 1.1 mT for long term exposure!), and 23 kHz, 6.05
mT for short term exposure™) have already been reported. Our results confirm these results in part and also
indicate long term exposure to strong IF-MF did not induce mutation and also toxic effect in mammalian cells.

Moreover, to evaluate possible health risk of IF-MF, it is important to investigate various possibilities. In case
of using IH cooking hob, effect on pregnant woman and fetus should be carefully evaluated in addition to
evaluate its carcinogenic and toxic effect. We are using genetically modified MCF-7 (derived from human breast
adenocarcinoma) cells with ERE-luciferase fusion gene construct for investigating effects on cellular response to
estrogens in MCF-7 cells or ability to induce cellular hormonal response by exposure to [F-MF. In these cells,
response to estrogens in MCF-7 cells is estimated as expression of luciferase that will determine by
chemiluminescence. This experiment is underway but preliminary result shows that there is no clear effect by
exposure to 2mT, 21kHz IF-MF.

CONCLUSION

We developed an exposure system for in vitro test systems, such as cell culture, to expose to strong IF-MF
(21kHz, up to 3.9 mT) continuously. Using this system, we demonstrated that at least 2mT, 21kHz IF-MF (that
is 320 times higher than current ICNIRP reference level for public) did not have toxic effects in mammalian cell
lines including DNA repair deficient cells and also did not induce mutation and micronucleus.
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