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1  Introduction

Recent years, there have seen growing con-
cern over the possible biological effects of
exposure to electromagnetic fields, and a vari-
ety of studies have been conducted on this sub-
ject. The World Health Organization (WHO)
has established the International EMF (Electro-
magnetic Field) Project to investigate the bio-
logical effects of EMF exposure and has pre-
sented a number of necessary research themes
for the assessment of potential hazards［1］. In
Japan, the Ministry of Internal Affairs and
Communications (MIC) has set up the Com-
mittee to Promote Research on the Possible
Biological Effects of Electromagnetic Fields to
facilitate various studies of this issue［2］.

In order to conduct experiments on the
biological effects of electromagnetic exposure,
exposure assessments are required to allow
precise quantification of actual exposure con-
ditions. Systems are also required that will
enable simulation of specific conditions of
exposure. The Biomedical EMC Group within
NICT is participating in the research activities
of the MIC’s Committee to Promote Research
on the Possible Biological Effects of Electro-

magnetic Fields through an engineering-based
approach, including development of exposure
systems and exposure assessment. This report
introduces some of the activities of the Bio-
medical EMC Group aimed at investigating
the biological effects of electromagnetic expo-
sure.

2  Head exposure experiments on
rats

Rats are often used as the test animal for
safety evaluation of chemical and other sub-
stances, and to date we have seen several
experiments of localized exposure to EMF
conducted on rat brains to simulate the condi-
tions of cellular phone use by humans. How-
ever, it is known to be difficult to achieve
localized exposure in rat brains, due to the rel-
atively short body length of rats (approximate-
ly the same as the wavelength of the
microwave-band radio signals employed by
cellular phones). The degree of localization of
exposure is often represented by the ratio of
the average SAR (Specific Absorption Rate)
value of the target tissue (such as the brain) to
the average SAR of whole-body. Specifically,
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we can conclude that more localized exposure
has been achieved when larger ratios are
obtained.

2.1  Systems using a monopole anten-
na

The rat-head exposure system shown in
Fig. 1(a) consists of a small radio-anechoic
exposure box and a 1/4-wavelength monopole
antenna［3］. The antenna is supplied with a
1.5 GHz Personal Digital Cellular (PDC) sig-
nal, part of a digital cellular system used in
Japan. Several rats are fixed in plastic holders
and placed in a radial manner around the
antenna, facing the center, to enable localized
exposure to the head. This exposure system
has been used to investigate the effects of EMF
exposure on blood-brain barrier (BBB) perme-
ability［4］, on learning［5］, on the immune system
and hormone secretion［6］［7］, on brain microcir-
culation［8］［9］, and more. The results reflected
no apparent effects at exposure levels in com-
pliance with the present Radiofrequency Radi-
ation Protection Guidelines.

Initially, the SAR inside the rat body irra-
diated with this system was evaluated using a
flat numerical rat model based on muscles
relaxed rats under anesthesia. However, the

actual animal experiments are performed with-
out anesthesia, and the rats are therefore not
flat. To allow for more accurate evaluation of
SAR, rat models were developed based on X-
ray CT images obtained for rats placed in the
same posture as that in the exposure experi-
ments. The number of animals placed around
the antenna and their positions relative to the
antenna vary among experiments. Figure 1(b)
shows an example of the SAR distribution in
rats, and Fig. 1(c) presents the brain averaged
SAR for antenna input power of 1 W for vari-
ous experimental conditions. The distance
between the ground and the rat is 21 mm in
most cases, except for Case 3, where the dis-
tance is 9 mm. Figure 1(d) shows the ratio of
brain averaged SAR to whole body averaged
SAR, which is an indicator of the degree of
localized exposure in the brain. The ratios fall
within a range from 3.5 to 6.5.

For the above exposure system, it was
confirmed that relatively high SAR values are
observed not only in the brain, which is the
target tissue, but also in the jaw. Therefore, in
order to improve the localization, the antenna
feeder was moved closer to the target tissue by
changing its position from the bottom surface
to the lid of the enclosure and also by placing

Fig.1 Exposure system using a 1/4-wavelength monopole antenna
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the rat nearer to the lid［10］. Figure 2 (a) shows
the modified exposure system. This system
was used in a large-scale long-term exposure
experiment to study the effects of two-year
exposure to 1.5 GHz PDC signals on the gen-
eration of cerebral tumors using several hun-
dred rats［11］.

During the two-year period, the average
body weight of the rats increased from less
than 100 grams to over 400 grams, and their
shapes also changed accordingly. Therefore, to
secure stable localized exposure conditions for
the specified brain averaged SAR, three differ-
ent rat models (126 g, 263 g, and 359 g) were
produced and used to perform SAR evalua-
tions for rats of these various sizes. Figure 2
(b) shows the brain averaged SAR and whole-
body averaged SAR at a fixed antenna input
power of 1 W. The ratios of brain averaged to
whole-body averaged SAR were calculated to
fall between 2.7 and 7.0. In this animal bioas-
say on cerebral carcinogenesis, daily
90 minute exposure for a total of 300 rats was
enabled by installing 10 units of the same
exposure system, which allowed for simulta-
neous exposure in 100 rats. The input power
of each antenna was controlled and recorded
using a personal computer (PC). A similar

exposure system has been developed for an ani-
mal bioassay for 2 GHz Wideband Code Divi-
sion Multiple Access (W-CDMA) signal［12］.

2.2  Systems with a loop antenna
When simulating localized exposure con-

ditions in humans during cellular phone use in
an animal experiment, the localized exposure
conditions for the head, as described in the
exposure system discussed above, are not nec-
essarily sufficient; a more highly localized
exposure system is required. Accordingly, our
group devised a corresponding exposure sys-
tem using a loop antenna［13］-［15］.

Figures 3(a) and (b) show an example of
such a system. An exposure system incorpo-
rating a loop antenna requires a single antenna
for each rat. This structure has the drawback
of being unsuitable for large-scale experi-
ments involving several hundred rats. Howev-
er, this setup offers improved localization of
SAR compared to previous systems. With the
“8-shaped” loop antenna shown in Fig. 3(b), it
is possible to observe biological effects at any
time during the experiment through the space
between the antenna and the cranial window
formed on the head of the rat. This enables the
observation of possible reversible biological

Fig.2 Exposure system for a large-scale extended animal exposure experiment
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effects that may only occur during exposure［16］.
Figure 3(c) presents examples of calculated
SAR distribution in 4-, 8-, and 12-week-old
rats irradiated by the present exposure system.
When the brain in the observation field direct-
ly below the cranial window is set as the target
area, the ratios of target-area to whole-body
averaged SAR were calculated to be greater
than 30. A similar exposure system is planned
for use in an experiment to assess the biologi-
cal effects of EMF on children using 1-, 2-,
and 3-week-old rats.

3  Rabbit eye exposure experi-
ments

The eye as an organ is thought to be sensi-
tive to EMF exposure due to its relative lack
of blood circulation and its location close to
the body surface. Past studies have thus
focused on investigating the effects of
microwave and millimeter-wave exposure on
rabbit eyes［17］［18］.

Figure 4(a) shows a system for subjecting
rabbit eyes to exposure to 2.45 GHz

microwaves［19］. A small coaxial-to-wave-
guide adapter filled with low-loss dielectric
material is used as the antenna. This system
allows for the generation of both continuous
and pulsed waves by switching between the
signal generators. Using a numerical rabbit
model developed based on X-ray CT images,
it was calculated that the exposed eye aver-
aged SAR for exposure with an incident elec-
tric field intensity of 300 mW/cm2 was about
100 W/kg. The ratio of exposed eye averaged
to whole-body averaged SAR was 60.

Figure 4(b) shows a system for exposing
rabbit eyes to 60-GHz millimeter-wave radia-
tion. This system uses a lens antenna to con-
fine the millimeter-wave irradiation to only
the orb of the eye［20］. By switching between
the two types of lens antennas, it is possible to
experiment on two different exposure areas,
with radii of 6 and 10 mm, respectively.

Fig.3 Exposure system with loop antenna
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4  Volunteer experiments

4.1  Exposure system for sensitivity
experiment

The intensity of the electromagnetic field
emitted from base stations and terminals of
cellular phones cannot exceed the limits set by
the Radiofrequency Radiation Protection
Guidelines. However, in recent years, a num-
ber of studies have focused on Electromagnet-
ic Hypersensitivity (EHS), in which the
patient feels the effects of electromagnetic
fields at intensities below the guideline values,
suffering health problems as a result. The
Netherlands Organization for Applied Scien-
tific Research (known by its Dutch acronym,
TNO) has reported that significant differences
were observed in certain results for reaction
time testing, recognition testing, and mental
stability examined by psychological tech-
niques between a group suffering from EHS
and a group of normal, unaffected individuals
when the groups were subjected to specific
EMF exposure［21］. In response to such
reports, an experiment on such sensitivity is

underway in Japan to examine the possible
psychological and physiological effects of W-
CDMA EMF exposure and to collect objective
evidence on whether humans can feel low-
level EMF, even at intensities in compliance
with the Radiofrequency Radiation Protection
Guidelines［22］. The exposure system for this
experiment was developed by our group［23］.
Figure 5 shows the general scheme of the sys-
tem. The present exposure system must be
specialized to simulate EMF exposure from
signals emitted from W-CDMA cellular base
stations and must therefore incorporate safety
designs to allow precise control of exposure
level and to prevent excessive exposure. Sub-
jects will be exposed to EMF in a special
shielded room, and exposure will be con-
trolled from a separate room. The subject will
be exposed to EMF emitted from a double-
ridged guide horn antenna placed 3 meters
away. The antenna input power and the EMF
intensity inside the shielded room will be
monitored and fed back to the control room to
achieve the desired conditions of exposure. To
ensure the safe execution of the experiment,

Fig.4 Rabbit eye exposure system
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this system is equipped with a safety unit that
either gives a warning or automatically termi-
nates exposure in the event a value preset
using specialized software is exceeded.

4.2  Warmth sensation experiment for
millimeter waves

The use of the millimeter-wave band is
expected to increase significantly with appli-
cation of these waves to ITS and short-range
large-volume data transmission, etc［24］. In the
Radiofrequency Radiation Protection Guide-
lines, the warmth sensation is used as a basis
for setting threshold values for the millimeter-
wave band. However, existing experimental
data on this sensation have mainly been col-
lected in the far-infrared and microwave
bands; as a result, data is lacking for the mil-
limeter-wave band, in theory the main band of
interest. Thus, experiments are underway to

assess the threshold values for the warmth
sensation in humans subjected to millimeter-
wave band exposure［25］. Figure 6 shows an
exposure system for a warmth sensation
experiment. Subjects are exposed to millime-
ter-waves on the back, forearms, and upper
arms using a 60 GHz millimeter-wave genera-
tor (3 W class) to investigate the relationship
between the threshold of warmth sensation
and the incidence power density, irradiation
area, and irradiation time.

5  Epidemiological studies

The International Case Control Study of
Tumors of the Brain and Salivary Glands (the
‘INTERPHONE Study’) is currently led and
coordinated by the International Agency for
Research on Cancer (IARC), a consultative
organization of the WHO, and Japan is among
the 13 countries participating in this collabora-
tive study. In these epidemiological studies,
indicators for exposure include not only the
use (or non-use) of cellular phones and the
duration of their use but SAR values as well.
This is consistent with the frequent use of
SAR in biological experiments to investigate
the nonthermal effects of radiofrequency radi-
ation, although there is presently no biological
evidence associating cancer incidence with
SAR generated in the head by radiofrequency

Fig.6 Exposure system for experiment on warmth sensation

Fig.5 Exposure system for the sensitivity
experiment
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radiation exposure due to the use of cellular
phones. Furthermore, it should be noted that
the SAR used in studies investigating the asso-
ciation of brain tumors and SAR must be mea-
sured in the same portion of the brain in which
the tumor is found.

Various factors must be taken into consid-
eration when investigating radiation exposure
due to cellular phone usage for example,
exposure time (duration of use), power, wave-
forms, system differences, spatial distribution
of SAR inside the head, difference in SAR
distribution between different terminals, etc.
We have performed several researches on the
exposure assessment for the epidemiological
study, as follows: evaluations of power-level
characteristics of cellular phone terminals
under various conditions using a software-
modified phone that records phone terminal
output power level over time［26］; categoriza-
tion of terminals into a small number of
groups concerning SAR distribution in the
head［27］; and investigation of a method to
estimate 3-D SAR distributions in a realistic
head model using the data obtained in accor-
dance with the standard procedure for compli-
ance testing［28］. Figure 7(a) presents an

example of power-level measurement during a
call using the specialized terminal, and Fig.
7(b) shows the distribution of scores obtained
from a principal-component analysis using the
SAR distribution characteristics of cellular
phone terminals. Figure 7(c) is the estimated
SAR distribution diagram in a human head
model calculated from the SAR data for con-
fined regions acquired in the course of compli-
ance testing.

6  Concluding remarks

This paper has presented some examples
of the development of exposure systems and
exposure assessments conducted in studies
promoted by the Committee to Promote
Research on the Possible Biological Effects of
Electromagnetic Fields［2］of the Ministry of
Internal Affairs and Communications (MIC).
The Biomedical EMC Group is currently con-
ducting medical and biological studies on the
physiological effects of such electromagnetic
fields in order to confirm the validity of the
Radiofrequency Radiation Protection Guide-
lines and to accumulate information that may
form the basis of future guidelines.

Fig.7 Exposure assessment for epidemiological studies
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