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ABSTRACT

Possible health effects of exposure to electromagnetic field (EMF) have become a great concern of the general public.
Therefore, many animal experiments have been conducted. For the animal experiments, the development of desirable
exposure system and precise exposure assessment are important. We developed several exposure systems for animal
experiments in Japan. The head localized microwave exposure systems for rats with 1/4 wavelength monopole antenna
and loop antennas are summarized and the characteristics of exposure were compared. The microwave and millimeter
wave exposure systems for rabbit eyes are also shown.

HEAD LOCAL EXPOSURE SYSTEMS FOR RATS

Exposure system with monopole antennas

We developed an exposure system as shown in Fig. 1 (a) consists of a amall anechoic chamber, a 1/4-wavelength
monopole antenna at the center, and a round turntable [1]. Eight rats fixed in plastic tubes are located like a carrousel and
can be simultaneously exposed to 1.439 GHz Japanese Personal Digital Cellular (PDC) signals. This type of exposure
system was used in several animal bioassay in Japan [2, 3, 4, 5, 6, 7].

Specific absorption rate (SAR) in the rats were evaluated originally with a numerical rat model [8] which was flat
due to anesthesia. We also evaluated the SAR in a rat model whose shape was more realistic than former one. Locations
and number of rats are different from experiment to experiment. Examples of SAR distribution were shown in Fig. 1
(b). Figures 1 (c) and (d) summarizes the average SAR at target area (brain) and SAR ratio of target area to whole body.
Distance betwee ground and rats was 21 mm in most cases, but 9 mm only for case3. The ratio was 3.5 – 6.5 depending
on the experimental condisions.

The high SAR is recognized around lower part of the head which is not the target area in the exposure system [1]. We
developed another system improving localization of exposure by changing the antenna and rats locations as shown in Fig.
2 (a) [9]. This system was used in a logn-term and large-scale animal bioassay and a few hundred rats were exposed to
1.439 GHz PDC signals for two years [10]. A 1.439-GHz PDC signal was generated, divided, amplified, and delivered to
10 exposure boxes in the system. Each antenna input power was controlled and recorded in a personal computer.

Although scaled models like our former study have often been used for modeling different-sized ones, the ratio of
growth can vary with each body part (e.g., head, legs, and body). We therefore developed 3 different sized rat models
(126, 263, and 359 g). Figure 2 (d) plots the whole body and brain average SAR as a function of the rat’s weight with an
antenna input power of 1 W. The SAR ratio of the target area (brain) to the whole body was 2.7 – 7.0 depending the size of
the rats. Similar exposure system is employed for long-term and large-scale animal bioassay with 2 GHz Wideband Code
Division Multiple Access (W-CDMA) signals [11]. Prenatal and postnatal exposure of rats is also under consideration
with similar exposure system [12].

Exposure system with loop antennas

For the investigation of unknown biological effect possibly caused by cellular phone, exposure should be more focused
within the head region of laboratory animals. We developed loop antennas for rat head exposure [13, 14, 15].

Figures 3 (a) and (b) show exposure setups using loop antennas. We evalulated SAR inside the rats and showed that
high localized exposures were achieved with these loop antenna systems. For the 8-shaped loop antenna, the target area



(a) Photograph of system
(b) Examples of SAR distribution
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(d) SAR ratio of target area to whole body
Figure 1: Exposure systemm with 1/4-wavelength monopole antenna
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(b) Whole body and brain average SAR

Figure 2: Exposure systemm for long-term and large-scale experiment



(a) Loop antenna with matching plate (b) 8-shaped loop antenna

Figure 3: Exposure system using loop antennas

(a) Microwave (b) Millimeter-wave

Figure 4: Eye exposure system for rabbits

is limited only to surface of the brain just under the cranial window [16] and the SAR ratio of the target area to the whole
body is over 60.

EYE EXPOSURE SYSTEMS FOR RABBITS

An eyes is thought to be a critical organ that can be affected by exposure of electromagnetic fields, due to the absence
of blood circulation and their location at the surface of biological body. We developed eye exposure systems for rabbits.

Figure 4 (a) shows the eye exposure system for micrwaves. A small waveguide antenna filled with low-loss dielectric
material was fed by 2.45 GHz continuous and pulsed microwaves [17]. A numerical rabbit model was also developed
with X-ray CT images and SAR inside the rabbit was evalulated. SAR inside the exposed eye was about 100 W/kg by the
incident power density to the eye of 300 mW/cm�. The effects of systemic anesthesia on ocular effects and temperature
in rabbit eyes were investigated with this system [18].

The system to expose the rabbit eye to millimeter-wave is shown in Fig. 4 (b). The eyes of rabbit are exposed
unilaterally to a 60 GHz millimeter-wave with lens antenna [19]. -3 dB beam width of the lens antenna is about 6 mm.
This antenna is in focus at 130 mm from aperture and the incicent power density is about 2700 mW/cm � for the antenna
input power of 1 W.
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