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A Novel Setup for Small Animal Exposure to Near Fields

to Test Biological Effects of Cellular Telephones

Jianqing WANG† and Osamu FUJIWARA†, Regular Members

SUMMARY A novel in vivo exposure setup has been devel-
oped for testing the possible promoting effects of 1.5GHz digital
cellular phones on mouse skin carcinogenesis. The exposure setup
has two main features: one is the employment of an electrically
short monopole antenna with capacitive-loading, which supplies
the ability to realize a highly localized peak SAR above 2W/kg
without any thermal stress for a mouse; the other is the use of a
transparent absorber to allow real-time observation of both the
exposure process as well as mouse activities during the exposure.
Dosimetric analyses for the exposure setup have been carried out
both numerically and experimentally. Good agreement was con-
firmed between the numerical and experimental results, thereby
demonstrating the validity of the novel exposure setup.
key words: biological e�ect, cellular telephone, in vivo exposure

setup, transparent absorber

1. Introduction

With the recent rapid and ever more widespread use of
cellular telephones, public concern regarding the pos-
sible health hazards has been growing. Although an
extensive database exists for biological effects of elec-
tromagnetic waves, few are related to near-field expo-
sure from cellular telephones. Definitive answers about
the health hazards require further scientific studies, in-
cluding in vivo animal experiments [1].

Since most experiments are done with rats and
mice, various exposure systems have been or are be-
ing designed for the use of these species. The key point
is to realize a specific absorption rate (SAR, expressed
in watts per kilogram) in the tissue in relation to ac-
tual human exposure to cellular telephones. Four main
types of exposure systems are available at the present
time [2]–[8]. The first type is the use of an actual func-
tioning cellular telephone. One problem with rats or
mice, however, is their small size relative to the wave-
length, which results in difficulties in realizing a local-
ized exposure for these small animals. The second type
involves making the SAR distribution pattern inside
the small animals similar to that in the human head.
The exposure frequency has to be scaled up by a fac-
tor equal to the ratio of human to animal size, which
results in a much higher frequency than the actual fre-
quencies of cellular telephones. The third type is the
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use of a loop antenna to irradiate the animal, which
seems to be the most efficient for simulating a human
exposure to cellular telephones because it gives a SAR
distribution with a ratio of the peak to average SARs
closest to the case occurring in a cellular telephone user.
The fourth type is the use of a half-wavelength dipole
or a quarter-wavelength monopole antenna radiating
electromagnetic waves with the same frequencies and
modulation waveforms as cellular telephones. The lat-
ter type of exposure system is the most popular at the
present time, but the localized SAR can not be high
enough relative to the whole-body-averaged SAR.

In Japan, the Association of Radio Industries and
Businesses (ARIB) undertook an in vivo experimental
project to investigate the effect of 1.5 GHz digital cel-
lular telephones on carcinogenesis. Since the energy
deposition from cellular telephones occurs mainly in
human superficial tissue, the emphasis of this investi-
gation was placed on testing possible promoting effects
of cellular telephones on mouse skin carcinogenesis. To
this end, ninety-six CD-1 mice were painted in a car-
cinogenic substance over a 1–2 cm2 area in their superfi-
cial skin tissues and then divided into two groups: the
EM field exposure group and sham group. The mice
in EM field exposure group were locally exposed over
20–32 weeks and then the promoting effects on skin
carcinogenesis were investigated. This paper focuses
on the development of an appropriate exposure system
and its numerical and experimental dosimetry evalua-
tion.

2. Requirements

The basic requirement for the exposure system was to
make the SAR distribution in a mouse as close as possi-
ble to that of a cellular telephone exposure actually oc-
curring in a human. In fact, for a 1.5 GHz cellular tele-
phone, the ratio of the ten-gram-averaged spatial peak
SAR to the whole-head-averaged SAR was reported to
be approximately 30 [9]. Similar results can be found
for 900 MHz cellular telephones [10]. That is to say, to
simulate an exposure from cellular telephones, a high
SAR should occur in the mouse superficial tissue, and
the whole-body-averaged SAR should be as low as pos-
sible in order not to cause any thermal stress. Of cause
to expose a mouse to RF energy with a SAR distribu-
tion as close as possible to that of a cellular telephone,
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the local exposure should be in the mouse head. But
due to the emphasis in this research being to locally
expose the skin tissue, the exposure area was decided
to be in the dorsal region from the point of view of
convince of operation. It is known that there is no dif-
ference in biology for the skin tissue in the dorsal region
and in the head region [11]. Therefore, paying atten-
tion to the superficial skin tissue, a system to expose
the dorsal region of mouse is acceptable as long as a
high SAR is realized in the skin tissue and a whole-
body-averaged SAR is designed not to cause any ther-
mal stress.

The Japanese Telecommunications Technology
Council for the Ministry of Posts and Telecommunica-
tions has recommended that a localized SAR in humans
should not exceed 2 W/kg averaged over any ten grams
of tissue, and the whole-body-averaged SAR should not
exceed 0.08 W/kg for a specified uncontrolled environ-
ment [12]. However, it is not realistic to apply a ten-
gram average to a mouse for obtaining a peak SAR.
There are no definite answers for how the ten-gram av-
eraged peak SAR should be scaled from a human to
a mouse. A conceivable method is to scale down the
ten-gram in a human to a mouse according to the ratio
of the human mass to the mouse mass, which yields a
localized peak SAR of 2 W/kg averaged over 3–6 mg in
a mouse. On the other hand, since the thermal thresh-
old for mice is known to be 4–8 W/kg, a whole-body-
averaged SAR of 0.08 W/kg for mice is unlikely to cause
any thermal stress. Based on these considerations, the
targets for the design of the exposure system were:

· a localized peak SAR above 2 W/kg in the skin
· a whole-body-averaged SAR below 0.08 W/kg as

far as possible.
Figure 1 reviews the relationships between the lo-

calized peak SAR in the target tissue and the whole-

Fig. 1 Review of peak SAR and average SAR for the present
exposure systems.

body-averaged SAR for some in vivo exposure sys-
tems for small animals as reported recently. Chou et
al. used a loop antenna, while the other investigators
used a half-wavelength dipole or a quarter-wavelength
monopole in their exposure systems, and the expo-
sure target was the brain of rat or mouse. Except for
Chou’s result, the ratios of the peak SAR in the brain
to whole-body-averaged SAR were found to be smaller
than 9† even when a huge rat (Sprague-Dawley rat) was
used [4]. These results imply the difficulty of a half-
wavelength dipole or a quarter-wavelength monopole
antenna in realizing our target of design for a mouse,
whose size is much smaller than a rat, as shown in the
dark area in Fig. 1.

3. Exposure Antenna Design

3.1 Antenna Types

An electrically short antenna may be a means to re-
alize the required exposure system. Figure 2 shows
three possible types of exposure of a small animal: (a)
monopole exposure, (b) dipole exposure with its el-
ement parallel to the longest axis of mouse, and (c)
dipole exposure with its element perpendicular to the
longest axis of mouse. The localized exposure area
is the mouse dorsum. To obtain a preliminary eval-
uation for the three types of exposure, the dosimetry
was first analyzed by the finite-difference time-domain
(FDTD) method in conjunction with an approximate
mouse model. The model was obtained by reducing
the voxel size of a rat model, developed on the basis
of an anatomical chart with a voxel size of 3 × 3 ×
3 mm [3], to a new voxel size of 1.5 × 1.5 × 1.5 mm in
order to obtain the size of mouse. The resultant model
contains about 9,000 voxels and four types of tissue
(skin, bone, muscle and liver) and is shown in the top
of Fig. 2. The dielectric properties of each tissue, as
described in [13], were accessed from a world wide web
site at http://www.fcc.gov/fcc-bin/dielec.sh.

The whole computation domain enclosing the
mouse model and the antenna consisted of about 3.6
million voxels. The use of such a large computation
space may be inefficient from the point of view of com-
puter memory but is useful to reduce the unwanted
reflections in employing the second-order Mur absorb-
ing boundaries to absorb the outgoing scattered waves.
The antenna element with a radius of 0.4 mm was mod-
eled by using the thin-wire approximation. An antenna
excitation was introduced by specifying a sinusoidal
voltage with an amplitude V across the one-cell gap,
and the current flowing through the voltage source gap
was then obtained from Ampere’s law on a small curve

†Although the ratio of the peak SAR in the skin to the
whole-body-averaged SAR would be larger, it decreases ob-
viously when the animal is mouse whose size is much smaller
than a rat.
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Fig. 2 Exposure types. (a) monopole exposure, (b) dipole exposure (parallel to the
longest axis of mouse), (c) dipole exposure (perpendicular to the longest axis of mouse).

Fig. 3 Whole-body-averaged SAR (above) and ratio of the peak to whole-body-averaged
SARs (below) for the mouse model. (a) monopole exposure, (b) dipole exposure (parallel),
(c) dipole exposure (perpendicular).

around the gap. The output power of the antenna was
calculated from

Pout =
1
2
Re (V I∗) (1)

where I is the complex amplitude of the current, and ∗
denotes the complex conjugate. The SAR in each tissue
voxel was computed by taking

SAR =
σ

2ρ
|E|2 (2)

where σ is the conductivity of tissue, ρ is the mass
density assumed to be 1 g/cm3 for all types of tissue,
and E is the electric field calculated from the 12 electric
field components in the voxel.

Based on the consideration of mass scaling from
human to mouse, as discussed in the previous section,
the maximum SAR value in one voxel was used as the
localized peak SAR because one voxel had a mass of
about 3.4 mg. Figure 3 (above) shows the whole-body-
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averaged SAR as functions of the distance between the
antenna and the mouse as well as the length of the an-
tenna element. For the monopole exposure, with short-
ening the length of antenna element, the feed-point of
the monopole approached the animal and, as a result,
the whole-body-averaged SAR increased, whereas, for
the dipole exposure, shorting the length of antenna ele-
ment yielded a smaller exposure area and then a de-
creased whole-body-averaged SAR. Figure 3 (below)
shows the ratio of the localized peak SAR to the whole-
body-averaged SAR as functions of the distance be-
tween the antenna and the mouse as well as the length
of the antenna element. It was found that a ratio of 10–
30 for the monopole exposure and a ratio of 5–70 for
the dipole exposure were achieved at a distance smaller
than 6 mm from the mouse. It is clear that the ratio of
peak to average SARs are more distance-dependent for
the dipole exposure. Table 1 gives the localized peak
SAR when the whole-body-averaged SAR is 0.08 W/kg.
A λ/8 monopole antenna or a λ/4 dipole antenna is
available to realize a localized peak SAR of 2 W/kg
at 3 mm from the mouse. Given the lower distance-
dependence of the ratio of localized peak SAR to the
whole-body-averaged SAR for the monopole exposure,
the λ/8 monopole antenna seems to be more adequate.
Figure 4 shows the SAR distribution on the surface of

Table 1 Peak SAR relative to a whole-body-averaged SAR of
0.08W/kg.

Exposure Type Distance Peak SAR
[mm] [W/kg]

λ/8 monopole 3 2.06
6 1.21

λ/4 dipole 3 2.04
(parallel) 6 0.68
λ/4 dipole 3 2.13
(perpendicular) 6 0.84

Fig. 4 SAR distribution on the surface of the mouse model.
Above: λ/8 monopole exposure; below: λ/4 (parallel) dipole ex-
posure. Antenna output was 1W.

the mouse dorsum for the λ/8 monopole and λ/4 dipole
exposure, which demonstrates that the λ/8 monopole
gives a more localized exposure compared to the λ/4
dipole.

3.2 Exposure Power Efficiency

One problem using a short monopole antenna is the
poor power delivered from the source to the antenna
due to its small radiation resistance. In general, an an-
imal experiment must be conducted on a large scale in-
volving anywhere from 50 to 100 animals. This requires
efficient delivery of power from the source to each an-
tenna. To improve the exposure power efficiency of the
antenna, a capacitive-loading (c-loading) λ/8 monopole
antenna was designed with a metal circular plate having
a diameter of 7 mm and a thickness of 1 mm attached
to the top of the monopole element. Figure 5 shows
the calculated power transmission coefficient (the re-
ciprocal of mismatch loss) as a function of the distance
from the mouse. The c-loading monopole antenna was
found to significantly increase the antenna output. The
radiation resistance increased from 15.8 Ω to 41.4 Ω at
a distance of 3 mm from the mouse when the c-loading
λ/8 monopole antenna was used. Moreover, the ratio of
peak to average SARs as shown in Fig. 6 was not signifi-
cantly changed, although the high SAR area was some-
what enlarged on the mouse dorsum for the c-loading
short antenna. As a result, to realize a peak SAR of
2 W/kg at a distance of 3 mm from the mouse, the in-
put power required for the antenna is below 30 mW.
It should be noted that due to the capacitive loading
the highest one-voxel SAR value was moved from the
location just beneath the tip of the monopole to the lo-
cation beneath the edge of the circular plate (referring
to Fig. 4(a) and Fig. 12(b)).

Fig. 5 Power transmission coefficient for short monopole
antennas.
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Fig. 6 Ratio of the peak to whole-body-averaged SARs.

Fig. 7 Relationship between the whole-body-averaged SAR
and antenna input impedance.

3.3 Dependence of SAR on Antenna Impedance

The dependence of the SAR on antenna impedance is
helpful to understand the mechanism of interaction be-
tween the c-loading antenna and the mouse for the ex-
posure setup. Figure 7 shows the FDTD-computed in-
put impedance of the c-loading antenna as a function
of the distance from the mouse. Also shown in Fig. 7
is the whole-body-averaged SAR in the mouse also as
a function of the distance of antenna from the mouse.
From this figure the dependence of the absorption on
the input impedance of the antenna can be extracted,
which suggests that keeping the antenna feeding cur-
rent constant will result in a more rapidly decrease for
the SAR with the distance from the mouse.

4. Exposure Box Design

A prototype of the exposure box is shown in Fig. 8.

Fig. 8 View from front door with transparent absorber of
exposure box.

The box is made of aluminum, and its insides, except
for the roof and the front door, are inlaid with planar
rubber ferrite absorber having a thickness of 7 mm and
a reflection loss of at least 21.8 dB at 1.5 GHz. The
roof of the box acts as the ground for the c-loading λ/8
monopole antenna which is fed at the center of the roof.
The front door is a new type absorber—transparent ab-
sorber (developed by TDK Corporation) with a thick-
ness of 22.5 mm and able to supply a reflection loss of
about 20 dB. The transparent absorber allows real-time
observation of the exposure process as well as mouse
activities. As can be seen from Fig. 8, the degree of
transparency of the transparent absorber was satisfac-
tory. Inside the exposure box, an acrylic holder was
set on a plastic platform to restrain the mouse so that
its dorsum is positioned just beneath the exposure an-
tenna. The distance between the mouse holder and the
antenna is set by adjusting the height of the plastic
platform. The mouse holder has more than 10 holes on
its ends and sides to provide the mouse with ventilation.
An air hose with a diameter of 3 mm is set in the vicin-
ity of the nose of the mouse. The air hose delivers fresh
air at 3 levels, and the maximum air flow is 6 l/min.
Because a typical adult mouse requires minimal venti-
lation smaller than the order of 0.125 l/min, an air flow
of 6 l/min at most is considered to be sufficient.

The size of the exposure box was determined by
computing the SAR of the mouse model in various-sized
boxes using the FDTD method. In the computation,
both the rubber ferrite absorber and the transparent
absorber were modeled with their complex permeability
and complex permittivity. Computed results show that
such a box with sides more than 15 cm wide and over
12 cm high can give almost the same peak and whole-
body-averaged SAR values as that in a semi-infinite
space. Based on the simulation result and for easy in-
sertion/removal of the mouse, the prototype exposure
box was designed to have internal dimensions of 21 ×
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Fig. 9 (a) View of measurement, (b) measured electric field distribution and (c) com-
puted electric field distribution at a horizontal plane in the exposure box with a distance
of 3.7 cm from the antenna.

21 × 29 cm.

5. Dosimetry Evaluation

5.1 Field Distribution

It is meaning to first measure the actual EM field distri-
bution in the box at the exposure volume without the
mouse and platform and compare it with the computed
values using the FDTD model. As shown in Fig. 9(a),
the measurement was performed by replacing a side of
the exposure box with a aluminum plate inlaid with
a planar rubber ferrite absorber. The ferrite-absorber-
inlaid aluminum plate was processed to have many slits.
The electric field (vertical component) distribution was
measured by inserting a standard dipole probe into the
box from these slits. Figures 9(b) and (c) show the mea-
sured and FDTD-computed results in the horizontal
plane at a distance of 3.7 cm from the antenna, which
gives a fair agreement between the measurement and
computation. The results also show that the absorber
employed in the exposure box indeed possessed a con-
siderably large reflection loss at 1.5 GHz so that the
reflections from them were almost insignificant.

5.2 Dosimetry

The dosimetry evaluations for the prototype exposure
setup were carried out both experimentally and nu-
merically. A detailed numerical model, as shown in
Fig. 10(a), was used in the numerical dosimetry evalu-
ation. The original model was derived from 81 mag-
netic resonance images (MRI) taken from a Sprague-
Dawley rat by Dr. Mason et al. and was accessed from
http://www.brooks.af.mil. In the present study, it was
rescaled to a voxel size of 1.2 × 1.2 × 1.2 mm (about
1.7 mg) in order to be mouse size, which resulted in
about 14,700 voxels and 20 types of tissue. In such
a way, the obtained mouse model had a thickness of
1.2 mm for the target tissue of interest, i.e., the skin.
In fact, the skin is at least composed of three layers:
the epidermis, dermis and subcutaneous tissue. Based
on our anatomical result for the CD-1 mice used in the
experiment, the thickness of skin for these species is
on the order of 1 mm, which suggests that the mouse
model is valid for the present purpose. The computed
ratio of the peak to whole-body-averaged SARs for the
detailed model was first compared with the previous ap-
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Fig. 10 (a) Detailed numerical mouse model, (b) solid mouse
phantom.

Fig. 11 Experimental setup for dosimetry evaluation.

proximate model, and the difference between them was
within 10%. This finding suggests that the dependence
of the peak SAR on animal modeling is insignificant,
which may be attributed to the fact that the exposure
target is superficial skin tissue.

For the experimental dosimetry evaluation, homo-
geneous solid (gel with agar added) phantoms having
the same shape as the above-detailed model were used
(see Fig. 10(b)). Their conductivity and relative per-
mittivity proved to be 2.1 S/m and 54.53, respectively,
using a network analyzer and a dielectric probe kit
(HP8753A + HP85046A). Figure 11 shows the exper-
imental setup for dosimetry evaluation. The radiated

antenna power was 40 W, and the mouse phantom was
exposed for 30 seconds. The SAR in the mouse phan-
tom was measured with two methods, both of which
assumed linear energy deposition within the 30-second
period. In the first method, flour-optic temperature
probes (Luxtron, Model SMM) were inserted into the
phantom and set at four locations along the vertical
line under the exposure antenna at 5-mm intervals, or
at three locations at 2-cm intervals along the horizontal
center line at the surface of the phantom. The temper-
ature reading at each location was recorded every sec-
ond over the 30-second period. Then the SAR at each
location was determined from

SAR = Cp
dT

dt
� Cp

∆T

∆t
(3)

where Cp is the specific heat [J/kg·◦C], ∆T is the
temperature-rise due to the exposure, and ∆t is the
exposure time. The value of Cp was taken to be
3725 J/kg·◦C [14] which was identical to the data mea-
sured by using a commercially available specific heat
measuring apparatus. The exposure was repeated two
to three times, and in each a new mouse phantom was
used.

The second method was performed similar to the
first, but an infrared image camera was used in lieu
of the temperature probes. The mouse phantom be-
fore exposure was first set close to the ambient tem-
perature, and the corresponding infrared image was
recorded. After the 30-second exposure, the mouse
phantom was immediately removed from the exposure
box and the infrared image was obtained again. Then
the temperature-rise at the phantom surface was ob-
tained from their difference, and the SAR was deter-
mined in the same way as in the first.

Figure 12 shows the infrared image (temperature
distribution) at the surface of mouse phantom along
with the FDTD-computed SAR distribution. A very
similar pattern can be observed between them. Fig-
ure 13 shows measured SAR along the vertical line un-
der the exposure antenna, and Fig. 14 shows it along
the horizontal center line at the surface of the phantom.
Also shown in the figures with a solid line is the SAR
computed by using the FDTD method in conjunction
with the same homogeneous model. For the SAR inside
the phantom, both the temperature probe method and
the infrared image method gave very good agreement
with the FDTD computation. For the SAR at the tar-
get area, i.e., the superficial tissue, a good agreement
was observed between the average of measurements and
computation, say just 5% lower for the temperature
probe method and 10% lower for the infrared image
method than the FDTD computation. The good agree-
ment among the two measurements and FDTD compu-
tation assured the reliability of our dosimetric analysis.
The reason why the measured surface SAR was slightly
lower than computed ones may be due to the influence
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Fig. 12 (a) Measured infrared image with an antenna output
of 40W, and (b) computed SAR distribution for antenna output
of 1W at the surface of mouse phantom.

Fig. 13 SAR distribution along the vertical line under the ex-
posure antenna. Antenna output was normalized to 1W. The
distance between the antenna and the phantom was 3mm.

of the heat transfer to air. First, the 30-second exposure
period was not short enough to prevent the heat trans-
fer from the phantom surface to air. To shorten the
exposure time and consequently reduce the influence
of heat transfer to air, a higher output for the power
amplifier is required. Second, in the infrared image
method, the mouse phantom had to be removed from
the exposure box for temperature measurement. This
process required several seconds, and the heat transfer
to air during this period resulted in a larger error in
comparison with the temperature probe method. An-

Fig. 14 SAR distribution along the horizontal center line at
the superficial layer of phantom. Antenna output was normalized
to 1W. The distance between the antenna and the phantom was
3mm.

Table 2 Peak and whole-body averaged SARs in exposure box.

Peak SAR 2.0 [W/kg]
Whole-body-averaged SAR 0.084 [W/kg]
Ratio of peak to average SARs 24

Antenna output : 23mW

other possible reason is the inherent artifact in FDTD
modeling for irregular surfaces with rectangular cells,
which may yield an overestimate for the SAR values in
that cells, as described in [7]. As for the large variation
of the experiment data at 1 cm distance from the back
of the mouse in Fig. 13, it is considered to be due to the
location error in setting the temperature probe because
it is not easy to fix the probe in the superficial layer of
phantom.

Table 2 gives computed peak SAR and whole-
body-averaged SAR for the detailed heterogeneous
mouse model in the exposure box with a distance of
3 mm from the antenna. The peak SAR was calculated
from the average of two voxels in the skin tissue for ob-
taining an localized SAR over 3.4 mg and normalized
to be 2 W/kg. As can be seen from Table 2, our target
of design as shown in Fig. 1 was realized by using the
prototype exposure setup.

5.3 Effect of Mouse Movement

Since the peak SAR varies drastically with the distance
between the mouse and the antenna in the vicinity of
a 3 mm distance, it is necessary for this exposure setup
to effectively constrain the mouse with a holder. Al-
though so, a limited movement of the mouse inside the
holder is still possible, which would influence the an-
tenna input impedance and consequenctly result in an
antenna power variation. For investigating the power
variation due to the mouse movement, six CD-1 mice
with weights ranged from 27 to 38 grams were used.
Each of them was constrained in an acrylic holder as
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Fig. 15 Variations of antenna output power as a function of
weight for mouse.

shown in Fig. 15(a) and placed in the exposure box re-
spectively. The height of the platform was adjusted so
that the distance between the back of the mouse and the
antenna was 3 mm. The c-loading antenna was fed by a
signal generator (Anritsu MG3670B), and the antenna
output power was measured using two power meters
(Anritsu ML4803A, MA4601A sensor) from the differ-
ence between the incident power to the antenna and the
reflected power from the antenna. Each measurement
was conducted for 80 minutes and the outputs from
the power meters were recorded in a one-second inter-
val. Figure 15(b) shows the measured variations of the
antenna output power for the six mice. The variations
of the antenna output power were found to be within
±7% due to the movement of mouse in the holder. It
should be noted that the variation of the antenna out-
put power is the sum of the variations of the powers
absorbed in the mouse and the absorbing material of
exposure box. Directly linking it to the SAR variation
in the mouse is difficult in the present method, which
requires further studies.

6. Conclusion

In this work, we developed a novel exposure setup to
test for possible promoting effects of 1.5 GHz digital
cellular phones on mouse skin carcinogenesis. The ex-

posure setup has two main features, one of which is
the employment of an electrically short monopole an-
tenna with capacitive-loading. The antenna makes it
possible to realize a localized peak SAR above 2 W/kg
without any thermal stress for a mouse, enabling sim-
ulation of human exposure to RF fields from a cellular
telephone. Another feature is the adoption of a trans-
parent absorber for real-time observation of both the
exposure process as well as mouse activities. Dosimet-
ric analyses for the exposure setup were carried out
both numerically and experimentally. Good agreement
was found between the numerical and experimental re-
sults, demonstrating the validity of the novel exposure
setup.

Further studies will attempt to evaluate the uncer-
tainty in the SAR assessment, especially for the local-
ized peak SAR in the exposure setup.
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