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Development of novel in vivo exposure apparatus for intermediate frequency
magnetic field with rodents
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Abstract: Induction heating (TH) cooking hob generates intermediate frequency (IF) magnetic field (MF). The safety of IH cooking
hob is in current topics in Japan. Due to the lack of the evidences, WHO recommended to study the biological effects of IF-MF
exposure in the environmental health criteria monograph (No.238, 2007). We, therefore, intended to develop the exposture apparatus,
which was able to generate high flux density and uniform IF-MF to examine the biological effects i vivo. The computer simulation
provided us the dosimetry as induced current density and induced electric field. It also appeared that water-cooling circuit was effective
to avoid spatiotemporal thermal elevation derived from coil. The maximum magnetic flux density of this apparatus (3.8mT) was more
than 141 times higher than that of the reference level to general public of ICNIRP guideline (27uT). In conclusion, this apparatus was
appropriate to elucidate the biological effects of IF-MF exposure i vivo.

1. Introduction
* Although the use of TH cooking hob in Japan is increasing, )
there exist the public concerns on health effect about the
magnetic field fiom IH cooking hob, which generates
intermediate frequency (IF; from 300Hz to 10MHz) 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
(No0.238,2007). We, therefore, intended to develop the exposure
apparatus which generated high magnetic flux density and
uniform IF-MF to examine the biological effects i vivo. On the
other hand, it was necessary to avoid the heats dereived from the
coil, the power supply, and the fan when this apparatus was
operated. In this study, we developed the novel in vivo exposure
apparatus for IF-MF, focusing the dosimetry for rats with
computer simulation and the structure with negligible change of
temperature. Our study-goal is efucidating the biological effects
of IF-MF exposure i vivo. ©
2. Materials and Methods
‘We made a coil as shown in Figure 1 whose inner space is 23
x 23 x 40 cm. This coil was able to be set both vertical (Figure
1-a) and horizontal (Figure 1-b) direction. The apparatus was
capable of generating IF-MF at 21 kHz (frequency) and up to
3.8 mT (magnetic flux density). Induced current densities and
electric fields within rats were calculated by the computer
simulation for two each direction (Figure 1<, d,e). Impedance
method was applied to calculate the induced current densities

(e) head-tails.

—220—

Figurel. [n vivo exposure apparatus of (a) vertical and (b)
horizontal direction for IF-MFE, and three axes of

and induced electric fields. To avoid the temperature increase by placernent of rats: (¢) back-abdominal, (d) right-left, and



the heated coil,we prepared the water-cooling system as shown
in Figure 2. The water in the loop was circulated by cooling
pump at 20 °C. During the exposure period for 60 minutes at
3.8mT, the inside temperature of the coil was measured by the
fiber-optic thermometer, while the surface temperature on the
coil was measured by the irifrared camera.

©

@

Figure2. Experimental setup of water-cooling. (a) Water loop
piping; (b) The coil with water loop; (c) Water-cooling

3. Results

Homogeneous IF-MF (<+5% range) was generated in the
space of 15 x 15 x 15 cm inside of the coil. When the rats were
located in three positions as shown in Figure 1-c, d and e,
induced current densities and induced electritc fields within rats
were shown in Tablel. Max induced current density were 9.64
[A/n] in Figure 1c, 644 [A/m’] in Figure 1-d, and 5.75
[A/m’] in Figure 1-¢, respectively. When the apparatus was at
work, the surface temperature of coil increased by 25 °C during
the exposure for 60 min, as shown in Figure 3. This results made
us to confrol the inside temperatures of the coil. At first, the
inside temperature increased by 8 °C  without any
countermeasures. Secondly, the temperature increased by about
3 °C through the use of cooling with fan only. Finally, the
temperature was within the range of room temperature variation
(241 °C) with the water cooling system.

4. Conclusions ,

The apparatus, we reported here, was able to generate high
flux density of IF-MF to rodents uniformly. The maximum
magnetic flux density of this apparatus (3.8mT) was more than
141 times higher than that of the reference level to general public
of ICNIRP guideline2010 (27T). The computer simulation for
rat-body provided us the dosimetry as induced current density
and induced electric field. It also appeared that water-cooling
circuit was effective to avoid thermal elevation derived from
coil.

In conclusion, this apparatus was appropriate to elucidate the
biological effects of IF-MF exposure in vivo. We are planning to

System. examine the haematological and immunological effects by
using this apparatus.
Tablel. Induced current density and Induced electric field .

Induced current density [A/m’] Induced electric field [V/m]
Direction of MF Max. Mean Max. Mean
Back-abdominal (Figure 1-¢) 9.64 057 3429 471
Right-left (Figure 1-d) 644 038 4171 3.16
Head-tail (Figure 1-¢) 575 031 2381 2.63
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Figure3. Profiles of surface and inside temperature of the coil.
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Study on The Biological Effects of Whole Body Exposure to The Intermediate
Frequency Magnetic Field
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Abstract: There exists 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 of biological effects,
we explored the effects of IF-MF to the experimental animals. Male Sprague-Dawley rats (6-7 week old) were
divided into 4 groups; cage-control, sham, 2 mT and 3.8 mT exposure group, respectively. IF-MF at 21 kHz
were exposed to the animal fixed in the acrylic holder. Exposure was done for 1hour/day and three consecutive
days. At the 4th day, the whole blood was collected and sent to the analysis. Biochemical and the hematological
parameters in the blood were analyzed. Results indicate that there is no effect to these parameters, even if the
high magnetic flux density (3.8 mT; 141 times higher than the reference level to general public of ICNIRP

guideline 2010) was exposed to the animals.

Keywords: Magnetic field, IH cooking hob, biological effect

1. Introduction

It is one of public concerns that the use of IH
cooking hob may affect the human health. TH
cooking hob emit 20-50 kHz magnetic fields, which
called intermediate frequency (IF) range. Although
there are many studies were reported on the
biological effects of electromagnetic fields of
extremely low frequency and radio frequency, there
were very few studies regarding IF. Therefore, WHO
recommended to study the biological effects of
intermediate frequency magnetic field (IF-MF)
exposure in the environmental health criteria
monograph (No.238, 2007)

In this study, we explored the effects of IF-MF to
the experimental animals by using the exposure
apparatus which emit high intensity of IF-MF at 21
kHz (Ohtani ef al.). After the IF-MF exposure to rats,
we explored the biochemical and the hematological
parameters of the peripheral blood.

2. Materials and Methods
Animals and IF-MF exposure

Male Sprague-Dawley rats (6-7 week old, Japan
SLC Inc.) were used. We made a coil as shown in
Figure 1, whose inner space was 23 x 23 x 40 cm
(Ohtani et al.). The apparatus was able to generate
IF-MF at 21 kHz (frequency) and up to 3.8 mT
(magnetic flux density). Uniform magnetic intensity

was obtained in an area of 15 x 15 x 15 cm inside of
the coil. To avoid the thermal effect from the coil, we
use water-loop cooling circuit during the IF-MF
exposure. According to the dosimetry calculation,
mean induced electric density were 4.7 [V/m], which
is corresponding to 1.7 fold compared to basic
restriction to the general public of ICNIRP guideline
which revised in 2010.

Rats were divided into 4 groups; cage-control, sham,
2 mT and 3.8 mT exposure group (n=11-14). IF-MF
at 21 kHz were exposed to the animal fixed in the
acrylic holder (Natsume Seisakusho Co. Ltd.).
Exposure to IF-MF was done for lhour/day and three
consecutive days. On the 4th day of experiment, the
whole blood was collected and sent to the analysis.
Analysis
Biochemical and the hematological parameters in the
blood were analyzed. For the biochemical analysis,
the biochemical analyzer (VetScan VS2, Avaxis Inc.,
USA) was used. By using the analyzer, 14 parameters
can be analyzed. On the other, for hematological
analysis, a fully-automated S5-part differential cell
counter (VetScan HMS, Avaxis Inc., USA) was used.
By using the counter, 22 parameters can be measured.
One-way ANOVA was applied for statistical analysis
by using SPSS software (verl8, Japan IBM Inc.).
Ethical approval of animal study
This study was approved by the committee of
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(a)

(b)

(c)

Figurel. Vertical (a), and horizontal (b) views of in vivo IF-MF exposure apparatus. Rats were

fixed in the acrylic holders (c) and located inside of the coil during the IF-MF exposure.

Table 1 Comparison of biochemical data of peripheral blood

(unit) cage control (n=14) sham (n=12) 2 mT (0=12) 3.8mT (n=11)
Albumin g/dL 454 + 0.15 485 + 027* 461 =+ 0.19 478 £ 0.19*
Total protein g/dL 575 £+ 023 6.04 =+ 030 576 £ 0.23 6.03 =+ 025*
Total globulin g/dL 1.24 = 0.17 1.19 + 0.15 1.14 + 0.12 124 =+ 0.12
ALP U/L 5549 =+ 874 566.1 + 1085 6129 + 96.8 505.9 =+ 103.1
ALT U/L 56.5 =+ 10.11 555 =+ 882 612 = 83 51.6 = 6.2
Amylase U/L 9381 = 857 9403 = 109.7 882.8 =+ 61.2 906.2 =+ 1009
TBIL mg/dL 0.19 =+ 0.27 02 =0 02 +0 0.19 =+ 0.03
BUN mg/dL 187 =+ 3.34 191 £ 28 193 = 34 20 £ 3.8
Phosphate mg/dL 10.08 =+ 0.66 977 + 093 10.15 =+ 0.64 972 + 0.79
Creatinine mg/dL 03 =+ 0.88 029 = 0.10 028 + 0.06 023 £ 0.05
Glucose mg/dL 2834 £ 472 232+ 25.6* 2543 £ 345 2429 £ 502%
Ca™ mg/dL 11.2 + 0.29 1.1+ 1.66 107 = 1.92 11.6 + 035
Na* mmol/L 139.1 + 1.83 1413 + 253 140.5 =+ 4.50 1402 =+ 1.60
K* mmol/L 6.06 =+ 0.55 6.13 =+ 0.51 595 £ 046 59 =+ 049

ALP: alkaline phosphatase, ALT: alanine aminotrénsferase, TBIL:

* p<0.05 (vs cage control group)

animal experiment in National Institute of Public
Health. '

3. Results and discussion

The data showed no difference on body weight
among the groups. Biochemical data of peripheral
blood was shown in Table 1. Significant differences
compared to that of cage control group were observed
in total protein and glucose level. However, these
differences were not due to the IF-EMF exposure,
because they were not dose-dependent effects.
Hematological data did not show any significant
differences (data not shown).

4. Conclusion

In this study, we reported the biochemical and the
hematological effects of 21 kHz IF-MF exposure at
the high magnetic flux density to rat. Our
experimental condition was maximum 3.8 mT, which
is 141 times higher than the reference level to general
public of ICNIRP guideline. Even under this
extremely high intensity of magnetic field, the
parameters did not affect by the exposure. From these
results, we concluded that IF-MF does not show any

bilirubin, BUN: blood urea nitrogen
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toxicity to peripheral blood under this experimental
condition. However, the exposure protocol in this
study was limited only 3 consecutive days and total 3
hours, threfore, further study will be needed to
provide more information.

5. Reference

Ohtani S, Ushiyama A, Unno A, Hirai Y, Suzuki Y,
Wada K, Kunugita N, Ohkubo C. Development of
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frequency magnetic field with rodents. The 50"
Conference of Japanese Society of Medical and
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The effects of 21 kHz intermediate frequency magnetic fields on blood properties and immune systems in rats
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Due to the lack of the science based evidences, we explored the biological effects of intermediate frequency magnetic fields (IF-MF)
to rats. IF-MF at 21 kHz was exposed to the animals fixed in acrylic holder. Following the short- or long-term exposure, biochemical,
hematological parameters and some of immunological function were analyzed. Results indicate that IF-MF does not affect these
parameters, even high magnetic flux density (3.8 mT; 4] times higher than the reference level to general public of ICNIRP guideline
2010) was exposed to the animals.

Long Abstract

Introduction

The use of induction heating (IH) cooking hob makes our life more convenient. On the other hand, there exist public concerns on
possible health effect about the intermediate frequency magnetic fields (IF-MF) from IH cooking hob. Although there are many studies
on the biological effects of electromagnetic fields exposure to extremely low frequency and radio frequency, there are very few
studies on IF-MF. Therefore, WHO recommended to study the biological effects of IF-MF exposure in the environmental health
criteria monograph No.238 [I]. In this study, we explored the effects of IF-MF to the experimental animals by using newly developed
exposure apparatus which emit high intensity of IF-MF at 21 kHz [2]. Following the IF-MF exposure to rats, we analyzed the
biochemical and the hematological parameters of the peripheral blood and several immune functions.

Materials and Methods
Animals and IF-MF exposure

Male Sprague-Dawley rats (Japan SLC Inc., Shizuoka, Japan) were used. For IF-MF exposure, we used an apparatus which we originally
developed [2]. The apparatus was able to generate [F-MF at 21 kHz and up to 3.8 mT. Uniform magnetic intensity was obtained in a
space of 15 x 15 x 15 cm inside of the coil. To avoid thermal effect from the coil, we employed water-loop cooling circuit during the
IF-MF exposure. Dosimetry calculation showed that mean induced electric density were 4.7 [V/m], which is corresponding to 1.7 fold
compared to basic restriction to the general public of ICNIRP guideline revised in 2010.

IF-MF at 21 kHz was exposed to the animals under fixed condition in an acrylic holder (Natsume Seisakusho Co. Ltd.). For short term
exposure, rats (6-7 week old) were divided into 4 groups; cage-control, sham, 2 mT and 3.8 mT exposure group (n=11-14, each).
Exposure to IF-MF was done at lhour/day for 3 consecutive days. For long term exposure, rats (4-5 week old) were divided into 3
groups; cage-control, sham and 3.8 mT exposure group (n=11-12, each). Exposure to IF-MF was done at |hour/day for 14 consecutive
days (2 weeks). On the next day of the last exposure, the blood and spleen was collected and sent to the analysis. This animal study
was approved by the committee of animal experiment in National Institute of Public Health.

Analysis

* Biochemical and the hematological parameters in the blood were analyzed. For the biochemical analysis, 14 parameters were analyzed
using a biochemical analyzer (VetScan VS2, Avaxis Inc., USA). For hematological analysis, 22 parameters were measured by use of a
fully-automated 5-part differential cell counter (VetScan HM5, Avaxis Inc.,, USA). For the cytotoxic assay, natural killer cell fraction
prepared from spleen was used as an effector cell. Cultured YAC-| cell (mice lymphoma) was used as a target cell. The cytotoxic
activity was assayed by using CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (Promega Co., USA). Experimental procedure was
basically followed by the standard protocol. For the phagocytotic assay, granulocytes were fractionated from peripheral blood by
density separation method using percoll (GE Healthcare Bioscience Co., USA). Granulocytes were co-incubated with FITC-conjugated
polystyrene beads for | hour at 37 oC. After washing granulocytes, cells were analyzed by flowcytometer (Cytomics FC500, Beckman
Coulter, Inc., USA). One-way ANOVA was applied for statistical analysis by using SPSS software.

Results

Biochemical data Significant differences were observed in total protein concentration and glucose level for short term exposure, in
amylase activity and glucose level for long term exposure, respectively. However, these differences do not attribute to the intensity of
IF-MF exposure because the data did not show dose-dependent relationship. Hematological data did not show any significant
differences. Under short term exposure condition, immune function such as cytotoxic activity and phagocytotic activity did not show
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any difference among the groups. The data of immunological function from long term exposure condition are currently under analysis.
Conclusions

In this study, we reported the biochemical, hematological and immunological effects of 21 kHz IF-MF exposure to rats’ whole body.
From the results, we could conclude that IF-MF did not show any toxicity under this experimental condition so far. The final data will
be presented at the BEMS meeting.

The magnetic density we was maximum 3.8 mT, which is 14| times higher than the reference level to general public of ICNIRP
guideline (2010). However, the exposure protocol in this study was limited only 3 consecutive days (total 3 hours) for short term and
2 weeks (total 14 hours) for long term, therefore, further study will be needed.
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CCDF Model for Predicting the Dosimetric Probe Response to Complex Modulation Communication Signals
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A model and its limitations are presented for the estimation of non-linearity errors in diode-loaded electromagnetic field probes when
measuring complex modulation communication signals. A numerical model was developed and validated to predict the response of
diode detector for continuous waveform signals, and a numerical analysis was performed using the Complementary Cumulative
Distribution Function of various communication signals.

Long Abstract
Introduction

Dosimetric and electromagnetic field probes are used to assess the Specific Absorption Rate (SAR), electric- and magnetic-fields in
the vicinity of a wireless transmitting devices to demonstrate compliance with safety standards [1,2] and compatibility with hearing
aids [3]. These probes employ an electrically small dipole or a loop loaded with a diode detector to induce a voltage that is
proportional to the incident electric and magnetic fields, respectively. These probes are typically calibrated over a broad dynamic
range using continuous waveform (CW) signals to compensate for the limited square-law operation region of the diode detector. In
this study, we have performed numerical and experimental analysis to demonstrate the non-linearity errors arising from the
measurement of complex modulation signals using CW-calibrated probes.

Methodology

Kanda [4] performed analytical and numerical analysis of an electrically short dipole loaded with a diode detector in the presence of
an incident CW signal. He derived the closed-form expressions for response of diode detector as a function of incident signal showing
the transition from square-law detection region to linear detection region. We have developed a numerical model based on this
analytical evaluation.to predict the diode response to a given incident signal on the dipole. This numerical model was validated using
the theoretical response as well as using measurements performed on the dosimetric probe when irradiated with CW signal.

Kanda's analysis on CWV signals was extended to CDMA 1S-95 signals by DiNallo and Faraone [5]. They demonstrated overestimation
of measured SAR using dosimetric probes especially when operating the diode detector near the saturation region. They studied the
modulation and bandwidth details and the stochastic properties of the bit stream, considering effect of signal-shaping filters. Such
detailed analysis is necessary to quantify the time-variation of complex modulation waveforms. Since it is not easy to obtain
closed-form expressions ‘for time-domain behavior for all these signaling schemes, we employed a model which can be applied
numerically to any complex modulation scheme using the signal's Complementary Cumulative Distribution Function (CCDF). For each
of these signals, after a sufficiently long time, the probability of the signal having an instantaneous peak-to-average power ratio greater
than a certain value is given by the CCDF. Figures |(a) and |(b) show the time domain variation of the instantaneous power and the
CCDF, respectively, for CDMA [x-EVDO signal. Figure 1(c) shows a new signal that has been generated from the inverse CCDF It is
periodically cycled and mirrored in the horizontal and vertical axes to keep the DC level at zero and prevent sharp fall times for the
stability of the numerical model. This periodic signal was used as an input to the numerical model to predict the diode response as a
function of induced voltage on the dipole sensor. The analysis was performed on different communication signals and compared with
the probe response to CW signal to determine the non-linearity error as a function of incident signal strength.

Measurement Setup

Dosimetric, electric and magnetic field probes were measured by exposing them to a known signal inside a TEM cell at 900 MHz. The
output power of the TEM cell was monitored in a feedback loop to accurately estimate the signal strength incident on the probe. The
signal strength was gradually increased until the diode detector was driven into saturation for various communication signals and the
deviation from the probe response to CWV signal was recorded.

Results

The deviation in the diode response to different signals compared to the CW response is shown in Figure 2 for an ET probe (Schmid
& Partner Engineering AG, Zurich, Switzerland). The deviation is compared for both the measurements and the numerical model. At
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Abstract

Due to the lack of the science based evidences, we explored short term exposure effects of intermediate
frequency of magnetic fields (IF-MF) to the experimental animals. Male Sprague-Dawley rats (6-7 week old) were
divided into 4 groups; cage-control, sham, 2 mT and 3.8 mT exposure group, respectively. IF-MF at 21 kHz was
exposed to the animals under fixed conditions in an acrylic holder. Exposure was done at lhour/day for 3
consecutive days. On the 4th day following the exposure, biochemical and hematological parameters in the blood
were analyzed. We also examined the effects to the immunological functions such as cytotoxic activity and
phagocytotic activity. Results indicate that there is no effects to these parameters, even high magnetic flux density
(3.8 mT; 141 times higher than the reference level to general public of ICNIRP guideline 2010) was exposed to the
animals.

1. Introduction

The use of induction heating (IH) cooking hob makes our life more convenient. On the other hand, there exist
public concerns on possible health effect about the intermediate frequency (IF) magnetic fields from IH cooking hob.
Although there are many studies on the biological effects of electromagnetic fields exposure to extremely low
frequency and radio frequency, there are very few studies on IF-MF. Therefore, WHO recommended to study the
biological effects of IF-MF exposure in the environmental health criteria monograph No.238 [1]. In this study, we
explored the effects of IF-MF to the experimental animals by using newly developed exposure apparatus which emit
high intensity of IF-MF at 21 kHz [2]. Following the IF-MF exposure to rats, we analyzed the biochemical and the
hematological parameters of the peripheral blood and several immune functions.

2. Materials and Methods

Animals and IF-MF exposure
Male Sprague-Dawley rats (6-7 week old, Japan SLC Inc., Shizuoka, Japan) were used. For IF-MF exposure,

978-1-4244-6051-9/11/$26.00 ©2011 IEEE
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(b)

Figurel. Overall view of IF-MF exposure apparatus (a). Rats were located in the acrylic holders (b)
and put them inside of the coil during the IF-MF exposure (c).

we used a coil as shown in Figure 1, whose inner space was 23 x 23 x 40 cm [2]. The apparatus was able to generate
IF-MF at 21 kHz (frequency) and up to 3.8 mT (magnetic flux density). Uniform magnetic intensity was obtained in
a space of 15 x 15 x 15 cm inside of the coil. To avoid thermal effect from the coil, we use water-loop cooling
circuit during the IF-MF exposure. According to the dosimetry, mean induced electric density were 4.7 [V/m],
which is corresponding to 1.7 fold compared to basic restriction to the general public of ICNIRP guideline revised in
2010.

Rats were divided into 4 groups; cage-control, sham, 2 mT and 3.8 mT exposure group (n=11-14). IF-MF at
21 kHz was exposed to the animals under fixed condition in-an acrylic holder (Natsume Seisakusho Co. Ltd.).
Exposure to IF-MF was done at 1hour/day for 3 consecutive days. On the 4th day following the exposure, the whole
blood was collected and sent to the analysis. After scarification with deep anesthesia, spleen was excised to prepare
the lymphocytes.

Analysis

Biochemical and the hematological parameters in the blood were analyzed. For the biochemical analysis, 14
parameters were analyzed using a biochemical analyzer (VetScan VS2, Avaxis Inc., USA). For hematological
analysis, 22 parameters were measured by use of a fully-automated 5-part differential cell counter (VetScan HMS,
Avaxis Inc., USA). ,

For the cytotoxic assay, natural killer cell fraction prepared from spleen was used as effector cell. Cultured
YAC-1 cell (mice lymphoma) was used as target cell. The cytotoxic activity was assayed by using CytoTox 96 Non-
Radioactive Cytotoxicity Assay kit (Promega Co., USA). Experimental procedure was basically followed by the
standard protocol.

For the phagocytotic assay, granulocytes were fractionated from peripheral blood by density separation
method using percoll (GE Healthcare Bioscience Co., USA). Granulocytes were co-incubated with FITC-conjugated
polystyrene beads for 1 hour at 37 °C. After washing granulocytes, cells were analyzed by flowcytometer (Cytomics
FC500, Beckman Coulter, Inc., USA).

One-way ANOVA was applied for statistical analysis by using SPSS software.

Ethical approval of animal study
This study was approved by the committee of animal experiment in National Institute of Public Health.

3. Results

Biochemical data of peripheral blood was shown in Table 1. Significant differences compared to that of cage
control group were observed in total protein concentration and glucose level. However, these differences do not
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attribute to the intensity of IF-MF exposure. The data did not show dose-dependent relationship. Hematological data
did not show any significant differences (data not shown).
Immune function such as cytotoxic activity and phagocytotic activity also did not show any effects due to IF-
MF exposure (data not shown).
Therefore, no effects were noticed under these experimental conditions.

Table 1 Comparison of biochemical data of peripheral blood

(unit) cage control (n=14) sham (n=12) 2 mT (n=12) 3.8 mT (n=11)
Albumin g/dL 454 £ 0.15 485 =+ 0.27*% 461 =+ 0.19 478 <+ 0.19
Total protein g/dL 575 £ 023 6.04 == 030 576 £ 023 6.03 =+ 025%
Total globulin g/dL 1.24 =+ 0.17 1.19 =+ 0.15 1.14 =+ 0.12 124 + 0.12
ALP U/L 5549 <+ 874 566.1 + 108.5 6129 <+ 96.8 5059 =+ 103.1
ALT U/L 56.5 = 10.11 555 =+ 8.82 612 =+ 83 516 + 6.2
Amylase U/L 938.1 =+ 857 940.3 = 109.7 882.8 + 61.2 906.2 =+ 100.9
TBIL mg/dL 0.19 £ 027 02 =0 02 =0 0.19 =+ 0.03
BUN mg/dL 187 + 3.34 19.1 = 2.8 193 + 34 20 + 38
Phosphate mg/dL 10.08 = 0.66 977 + 093 10.15 =+ 0.64 972 = 0.79
Creatinine mg/dL 03 + 0388 029 + 0.10 028 =+ 0.06 o023 =+ 0.05
Glucose mg/dL 2834 + 472 232 + 25.6* 2543 + 345 2429 + 502%
Ca™ mg/dL 1.2 = 029 1.1+ 1.66 107 + 1.92 11.6 = 035
Na* mmol/L 139.1 + 1.83 1413 =+ 253 140.5° =+ 4.50 1402 =+ 1.60
K* mmol/L 6.06 =+ 0.55 6.13 + 0.51 595 + 0.46 59 + 049

ALP: alkaline phosphatase, ALT: alanine aminotransferase, TBIL: bilirubin, BUN: blood urea nitrogen
* p<0.05 (vs cage control group)

4. Discussion and Conclusion

In this study, we reported the biochemical and the hematological effects of 21 kHz IF-MF exposure at the
high magnetic flux density to rat. Additionally, we also tested some of immune function. Our experimental condition
was maximum 3.8 mT, which is 141 times higher than the reference level to general public of ICNIRP guideline
(2010). Even under this extremely high intensity of magnetic fields, the parameters did not change by the exposure.
From these results, we concluded that IF-MF did not show any toxicity under this experimental condition. However,
the exposure protocol in this study was limited only 3 consecutive days and total 3 hours; therefore, further study
will be needed.
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NK #ifaiEMEiL CytoTox96 Non-Radioactive Cytotoxicity Assay (Promega #f) %A\ T, FERIEIC
L% LDH BB Ko THIE L, BREREMMER L URREORTERMEDL 5 Percoll DT EHHE
EEARE OSBRI L BRIERKE S AR L, BONIBRERE S 2 Ao, EkiEE, Miashegr
48 EZ-TAXIScan (GE ~/L A A U A) 2BV TREZTo, BREDORIEX 100 fHIZF#R
LE#Y¥ e —X (Fluoresbrite Microspheres, 1.0y m YG) LEERIERZIEFIL, 3TCT1IRMEEL S L
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Cytomics FC500 (Xy 7 <y a—N&—it) THTZIT>7,

T My 7y hOSH TIE, EDTA M 2T o2k 2 F L s ¥ - MiREBEKIC PE
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Rie&aKET 80 51T 712 PBS CiE LB 7o —% A b A—F—FC500 (RNy 7 <« a—/
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3. BREEE
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The biological effects of intermediate frequency electromagnetic fields on rats
Akira Ushiyama®, Shin Ohtani, Naoki Kunugita (National Institute of PublicHealth)
Yukihisa Suzuki, Keiji Wada (Tokyo Metropolitan University),

Chiyoji Ohkubo (Japan EMF Information Center)

In response to public concern on possible health effects of intermediate frequency magnetic fields being widely

used in IH cooking hobs in Japan, rats were successively exposed 1 houwr/day for 3 days or 14 days whose

magnetic field intensity was up to 3.8 mT at 21 kHz. We evaluated the immunotoxicity by whole-body exposure.

As our preliminary results obtained, there are no significant difference between exposed and sham-exposed

animals. We do not find any harmful effects under our experimental conditions. The evaluation on

developmental toxicity by local exposure to pregnant rats is ongoing.

F—T—F FHEEERR, RESNE, BERE PR BER, [ HRES

(intermediate frequency magnetic field, immune toxicity, developmental toxicity, biological effect, animal

experiment, IH cooking hob)
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M1 FREEEEAEEH-EER=AL

Figl Exposure coil for whole-body exposure

Rats which fixed in acrylic holder are located inside
of the coil during exposure.

2 PREEERBINESER=2A L

Fig2 Exposure coil for whole-body exposure

Rat which fixed in acrylic holder is put on the
coillocated inside of the coil during exposure.

Bt 21 kiz TEK 3. 8T DL&EW—EENHRETH D,
QODEBIZT v FOIEFMEEIZB W TEKRS 10mT DRFFT
‘i < ﬁgng T’T‘é“éf HA ) (8) (6)0

(2:2) SEIFIEER
i ~OPEEEEMRAEICEE, 28— E<EMH=A

£l 2N I BLEBIIBTAMEEELGYUTER
Table 1 Comparison of International guideline and
our experimental condition for whole-body exposure

magnetic density induced electric field

ICNIRP  27,T 2.7 Vim
guideline * (reference level) f(:‘:_ags;::;"gzgﬁg)
This study 3800 uT 4.7 Vimimean
34.3 Vimimax
ratio 140 1.74 (mean)

* International Commission of Non-Irradiation Radiation
Protection guideline, revised in 2010.

JLE LV, BlE. HEO Sprague Dawley (SD) T v b (B

ASLC) FERICH Lz, (X< EIX, FHBMREE T, 20T,
3.8mT & L7=, 723, 3. 8T OREHEEEIIERIEBHS
BB EREDEDDTA FT4 DK 140 {FOBREE
THD (1),
AIECIE 3 HE (EH) & 14 B (BRED OEKEE
BETom, BHIEBICRWTIIFERBMBERATE~THE
BoSy haEWE, Ty bET 7 VAT v MRS —
ICERMETREL, TEOIECES 1 AdHD 3 KHEiT-
7o WK BILERT S 3 AEICHRZDITWV, 4 B BICHEET
IR WTODEERNIC & 2 2R 08 L OBBORME 2170,
ST L, £, BERIEKEERICBLTIE, ERA
MRS T, 4~5 BEOT v PERWVWT, EFIELKE LR
OFET1LHE RO ELERT S 14 BRITW, 15 B
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I BERICBV T, F—Yar bo—# v
L E (BIECE) B, T < HEEE. 3. anT i< HEHD 4
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F L7, NK #10a7E ML CytoTox96 Non—Radiocactive
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L AEMERD R oTn, $i, MO T MIEYTE
g R OB AN T HIEC B LB EEREZRDAD -
7- (data now shown),
(3-4) BT < Bio L A RAEBIETE
BEEFETHY . SBREFEZITOCEEOFEEZALD
IZLLTWLEETH D,

4 ER

KW%mﬁmf@‘ﬁ%@&(mmﬁ>%%@é&@ﬁ
CEEBAROT. Ty Mol B IBETERS AR, X
PSR 14 BRI BAT BAHE BORBEHS,

2k b 2

RE. Mg (s, DR O FEIEI ERICER

-
x
2
=



#z2 EH SHM E<EY LIS

B D MEELFBIEOFK TR

Table2 Biochemical data of peripheral blood after IF-MF exposure (1hour/day, for 3days)

(unit) cage control n=14 Srds n=12 2mT n=12 3.8mT n=12
ALB 7RI g/dL. 454 + 0.15 485 = 027" 461 = 0.19 478 = 019"
ALP U/L 5549 + 874 566.1 = 108.5 612.9 = 96.8 505.9 = 103.1
ALT GPT u/L 565 = 10.11 555 + 8.82 612 = 8.3 516 + 6.2
AMY 35— u/L 938.1 = 857 940.3 = 109.7 8828 * 61.2 906.2 &= 100.9
TBIL By mg/dL 0.19 &= 0.27 02+ 0 02+ 0 0.19 = 003
BUN REER mg/dL 18.7 = 3.34 191 + 28 193 £ 34 20 = 3.8
Ca++ mg/dL 112 £+ 0.29 111 = 1.66 10.7 =+ 1.92 116 &= 035
PHOS Yy mg/dL 10.08 £+ 0.66 9.77 £ 0.93 10.15 = 0.64 9.72 &= 0.79
CRE WTFZY mg/dL 0.3 + 0.88 0.29 £+ 0.10 0.28 = 0.06 0.23 = 0.05
GLU 7 iha—2 mg/dL 2834 4 472 232 = 256" 2543 = 345 | 2429 &= 502
Na+ mmol/L 139.1 &= 1.83 1413 = 253 1405 = 450 140.2 = 1.60
K+ mmol/L 6.06 = 0.55 6.13 = 051 595 = 0.46 5.9 &= 049
TP By g/dL 575 & 0.23 6.04 = 0.30 576 = 0.23 603 = 025"
GLOB Boayyy g/dL 1.24 &= 0.17 119 £ 0.15 X 1.14 = 0.12 1.24 + 0.12
* p<0.05 (vs cage control group)
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Table3 Hematological data of peripheral blood after IF-MF exposure (Lhour/day, for 3days)

(unit) cage control n=14 s n=12 2mT n=12 3.8mT n=12
WBC £ iR 1676/mlL 606 = 207 53 £ 1.64 518 = 1.70 557 & 1.68
LYM P73 1076/mL 499 = 169 4.39 = 1.51 406 = 1.38 452 &= 1.33
MON H 1076/mL 0.19 == 0.08 017 = 0.06 0.17 = 0.09 0.68 = 1.80
GRA BREIER 1076/mL 0.83 = 0.38 0.74 &= 0.24 096 = 0.54 0.87 = 050
RBC FrioER 10"9/mL 6.86 = 0.28 702 + 071 7.02 = 0.32 7 &= 034
HGB ARYOEY g/dL 141 & 045 141 &= 148 146 = 054 145 = 042
HCT ATRYh % 354 = 1.7 35.7 = 3.0 362 *+ 1.7 359 *+ 1.3
MCV FMEEE fl 518 = 1.8 51 = 2.8 514 + 1.8 514 &+ 22
MCH FigayaE VR pg 207 = 0.83 © 201 = 044 19.7 = 548 20.8 = 0.98
MCHG F¥H~tyne ik g/dL 401 = 1.62 394 = 18 405 = 2.0 404 += 15
RDWc SR AR 7 TR % 16.7 &= 0.56 168 = 0.5 166 = 03 16.7 = 0.25
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Study on the biological effects of Long term and whole body Exposure to the
Intermediate frequency magnetic Field
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Abstract: There exists the public concerns on health effect about the magnetic field from TH cooking hob, which generates
intermediate frequency (IF) magnetic field (MF). Due to the lack of the evidences of biological effects, we explored the effects
of IF-MF to the experimental animals. Male Sprague-Dawley rats (4 weeks old) were divided into 3 groups; cage-control, sham,
3.8mT exposure group, respectively. IF-MF at 21kHz were exposed to the animal fixed in the acrylic holder. Exposure was
done for lhour/day and 14 consecutive days. At the 15th day, the whole blood was collected and sent to the analysis.
Biochemical and the hematological parameters in the blood were analyzed. We also evaluated the immunotoxicity by several
methods.Results indicate that there is no effect to these parameters.
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1. INTRODUCTION

The use of induction heating (IH) cooking hob makes our life more convenient. On the other hand,
there exist public concerns on possible health effect about the intermediate frequency (IF) magnetic
fields (MF) from IH cooking hob. Although there are many studies on the biological effects of
electromagnetic fields exposure to extremely low frequency and radio frequency, there are very few
studies on IF-MF. Therefore, WHO recommended to study the biological effects of IF-MF exposure in
the Environmental Health Criteria monograph No.238 [1]. In this study, we explored the effects of IF-
MF to the experimental animals by using newly developed exposure apparatus which emit high
intensity of IF-MF at 21 kHz [2]. Following the IF-MF exposure to rats, we analyzed the biochemical

and the hematological parameters of the peripheral blood and several immune functions.

2. MATERIALS AND METHODS

Animals and IF-MF exposure

Male Sprague-Dawley rats (Japan SLC Inc., Shizuoka, Japan) were used. For IF-MF exposure, we
used an apparatus which we originally developed [2]. The apparatus was able to generate IF-MF at 21
kHz up to 3.8 mT. Uniform magnetic intensity was obtained in a space of 15 x 15 x 15 c¢m inside of
the coil. To avoid thermal effect from the coil, we applied a water-loop cooling circuit during the IF-
MF exposure. Dosimetry calculation showed that mean induced electric density were 4.7 [V/m],
which is corresponding to 1.7 fold higher than the value of basic restriction for general public of
ICNIRP guideline [3]. |

IF-MF at 21 kHz was exposed to the animals under fixed condition in an acrylic holder (Natsume
Seisakusho Co. Ltd.). For short term exposure, rats (6-7 week old) were divided into 4 groups; cage-
control, sham, 2 mT and 3.8 mT exposure group (n=11-14, each). Exposure to IF-MF was done at
lhour/day for 3 consecutive days. For long term exposure, rats (4-5 week old) were divided into 3

groups; cage-control, sham and 3.8 mT exposure group (n=11-12, each). Exposure to IF-MF was done

—238—



at lThour/day for 14 consecutive days (2 weeks). On the next day of the last exposure, the whole blood
and spleen of animals were collected and subjected to the analysis. The protocol of animal study was

approved by the committee of animal experiment in National Institute of Public Health, Japan.

(@ (b) (©)

Analysis
To explore biological effects of IF-EMF exposure, biochemical and the hematological parameters

of blood were analyzed. For the biochemical analysis, 14 parameters were analyzed using a
biochemical analyzer (VetScan VS2, Avaxis Inc., USA). For hematological analysis, 22 parameters
were measured by use of a fully-automated 5-part differential cell counter (VetScan HMS, Avaxis Inc.,
USA).

For the cytotoxic assay, natural killer cell fraction prepared from spleen was used as effector cell.
Cultured YAC-1 cell (mice lymphoma) was used as target cell. The cytotoxic activity was assayed by
using CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (Promega Co., USA). Experimental
procedure was basically followed by the standard protocol.

For the phagocytotic assay, granulocytes were fractionated from peripheral blood by density
separation method using Percoll (GE Healthcare Bioscience Co., USA). Granulocytes were co-
incubated with FITC-conjugated polystyrene beads for 1 hour at 37 °C. After washing granulocytes,
cells were analyzed by flowcytometer (Cytomics FC500, Beckman Coulter, Inc., USA).

T cell population was detected by flow-cytometric analysis with three antibodies, which were
added to the bloods and splenocyte as followed: fluorescein isothiocyanate conjugated anti-rat CD4
antibody, phycoerythrin anti-rat CD8 antibody, and phycoerythrin-cyanine-7 coﬁjugated anti-rat CD3
antibody (eBioscience Inc., San Diego, CA, USA). As for all CD3 positive cell, the ratios of CD4-
CD8+ (Killer T cell), CD4+CD8+ (double positive), CD4-CD8- (double negative), and CD4+CD8-
(Helper T cell) were compared among groups. Data obtained from FC500 were analyzed with CXP
software (Beckman Coulter Inc., Miami, FL, USA).

One-way ANOVA was applied for statistical analysis by using SPSS software.

3. RESULTS AND DISCUSSION
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