In 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,
when compared to cage control group, 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 and long term exposure
conditions, immune function such as cytotoxic activity and phagocytotic activity did not show any
effects. We also analyzed T cell population in peripheral blood. Populations of Helper T cell, double
positive, double negative, and Killer T cell after long term exposure did not show any significant

difference (Table). Overall, no significant effect were detected under our experimental conditions.

Table: Results of T-cell subset analysis in a peripheral blood after long term exposure

cage control (n=11) Sham(n=12) 3.8mT(n=12)

CD4/CD8 ratio 1.82 =+ 0.16 203 += 034 200 =+ 0.28
CD8+/CD4+(%) 1.68 =+ 0.41 154 = 0.21 1.53 =+ 0.40
CD8-/CD4-(%) 073 =+ 0.73 077 = 0.78 077 =+ 0.43

4. CONCLUSIONS

In this study, we reported the biochemical, hematological and immunological effects of 21 kHz IF-
MF exposure to rats’ whole body. To generate high magnetic density, we developed an exposure
apparatus for this purpose. The apparatus can generate maximum 3.8 mT, which is 141 times higher
than the reference level for general public of ICNIRP guideline [3]. Exposure to IF-MF was done at
lhour/day for three consecutive days or 14 consecutive days (2 weeks), however, all of results were
negative. Therefore we could conclude that IF-MF did not show any toxicity under these experimental
conditions. However, the exposure condition in this study was limited, therefore, further study will be

needed.
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Due to the lack of science based evidences of exposure effects of intermediate frequency magnetic fields (IF-MFs), we
teratologically evaluated them by using pregnant rats. Using newly-devised in vivo exposure apparatus which can expose IF-
MFs locally to the abdomen of rats being similar exposure conditions with pregnant women standing close to induction
heating (IH) cooking hob. Obtained data are currently under analysis.

Long Abstract
Introduction

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

Materials and Methods

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

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

Results and discussion

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

So far, no significant difference was observed in dams’ body weight, average weight of fetuses, number of fetuses per dam
and number of implantation sites. The data of teratological evaluations are currently under analysis. All teratological data will
be presented at the BEMS meeting.
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Sparse investigations have been conducted to assess the exposure effects of intermediate frequency
magnetic fields(IF-MFs).

In this study, we teratologically evaluated them in the pregnant rats using exposure apparatus which can
locally expose high intensity of IF-MFs to the abdomen. Abdominal exposure to high intensity of IF-MFs
during organogenesis did not show any significant reproducible teratogenicity under this experimental
condition.

Long Abstract
Introduction:

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

Materials and Methods:

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

s and disc :

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

Regarding dams, no significant difference among groups was observed in the hematological and blood
chemistry examinations at the gestation day 20. Total 767 fetuses from 60 dams were eviscerated and
subjected to teratological examination. No significant difference was observed in dams’ body weight,
average weight of fetuses, number of fetuses per dam and number of implantation sites. The incidence of
external, visceral, and skeletal malformations in the fetuses also did not indicate significant differences
among the groups.

In conclusion, high level of 21kHz IF-MFs which emits high induced electric field compared to ICNIRP
guidelines, does not show teratogenicity under the present experimental conditions.
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The use of induction heating (IH) cooking hob makes our life more convenient. On the other
hand, there exists 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. Due to the lack of the science based evidences of IF-MF,
we aimed to clarify the effects on immune system of intermediate frequency of magnetic
fields (IF-MF) to the experimental animals.

In this study, we used the exposure apparatus, which we originally developed previously.
This exposure apparatus could generate uniform IF-MF which can expose to rat’s whole body
without any increase of temperature at inside of coil. Male Sprague-Dawley rats were divided
into 3 groups; cage-control, sham, 3.8 mT exposure group, respectively. [F-MF at 21 kHz was
exposed to the animals under fixed conditions in an acrylic holder. Exposure was started from
4 week-old and done at 1hour/day for 14 consecutive days. On the 15th day following the
exposure, biochemical and hematological parameters in the blood were analysed. We also
examined the effects to the immunological functions such as cytotoxic activity and phagocytic
activity. Furthermore, we analysed the T-Lymphocyte Helper/Suppressor Profile (CD4:CD8
ratio) in which the percentage of CD3 positive lymphocytes in the blood positive for CD4 (T
helper cells) and CD8 (a class of regulatory T cells) were counted and compared.

Although it was found that some significant differences in blood biochemistry, 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. Immune function such as
cytotoxic activity and phagocytic activity did not show any effects. We also analyzed T cell population
in peripheral blood. Populations of Helper T cell, double positive, double negative, and Killer T cell
after long term exposure did not show any significant difference. Overall, results indicate that there
is no health effects to the observed parameters under our experimental condition, 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. Therefore, we could conclude that IF-MF
did not show any toxicity under these experimental conditions. However, the exposure condition in
this study was limited, therefore, further study will be needed.

Choose one category.

2. Biological effects
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