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Abstract— Induced current densities and induced electric fields 
within a pregnant woman and the fetus were calculated by using 
the high definition anatomical model of Japanese pregnant 
woman. The pregnant woman model was exposed to uniform 
magnetic fields at 20 kHz for three axis directions. The 
distributions of the induced current density and the induced 
electric field were presented for all conditions as to direction of 
the magnetic flux density. The distributions of the induced 
current density were different only in the region of the abdomen 
between pregnant woman models and the non-pregnant woman 
model. No significant differences are observed in both two 
models in other region. The distributions of the induced electric 
field were almost the same tendency for two models in any cases 
of the incident magnetic field directions. 
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I. INTRODUCTION

There has been increasing appliances using magnetic 
field in the intermediate frequencies (IFs) from 300 Hz to 10 
MHz [1]. Induction heating (IH) hobs, electronic article 
surveillance (EAS) systems and RFID are examples of the 
appliances. Since these devices are often used in the proximity 
of the human body, human beings are exposed to magnetic 
fields with intermediate frequency. It is required to assess the 
safety comparing with guidelines and standards of EMFs. 

There are a few studies on the dosimetry of the induced 
current density and the induced electric field in the IF band. 
World Health Organization (WHO) recommended further 
research on IF band in the Environmental Health Criteria [2], 
because of the lack of data in this area. The dosimetry on the 
pregnant woman and the fetus is one of the important issues 
for the EMFs safety in the IF band. However there are also 
few studies on the dosimetry of the pregnant woman and the 
fetus. WHO mentioned importance of the calculation of the 
induced current densities and electric fields in pregnant and in 
the fetus with appropriate anatomical modeling. 

Numerical dosimetries on the pregnant woman have 
been recently reported by several groups. Kainz et al. [3] 
investigated the current densities and the specific absorption 
rates (SARs) for pregnant women exposed to hand-held metal 

detectors. Dimbylow [4] has developed the hybrid voxel-
mathematical models of pregnant woman, and calculated the 
induced current densities and the electric fields. However, 
these studies do not consider the anatomical structure with 
regard to a fetus. 

The purposes of this paper are as follows. One is to 
investigate the induced current density and the electric field in 
a pregnant woman by using Japanese pregnant woman model 
with anatomical structure [5]. Second is to compare the 
induced quantities between pregnant woman and non-pregnant 
woman.

II. PREGNANT WOMAN MODEL

A. Numerical model 
An anatomical human model of whole-body pregnant 

woman [5], which has been provided by National Institute of 
Information and Communications Technology (NICT), was 
used for evaluation of the induced current density and the 
induced electric field. This model was based on the 
anatomical voxel human model of non-pregnant woman [6] 
and the abdominal MR images of 26-week-pregnant woman. 

B. Electrical conductivity of the tissues 
The Electrical conductivity is one of the important factors 

for the dosimetry of the induced current density and electric 
field, because the conductivities of the tissues much affect the 
solutions. The 4-Cole-Cole dispersion model developed by 
Gabriel et al [7] was employed in this study. That is widely 
used in the dosimetry of the electromagnetic field exposure 
for the human. However, there have been few study on the 
electrical property of the inherent tissues of the pregnant 
woman, especially the fetal tissues. Thus in this paper, we 
assumed these values on the basis of the previous reports 
[4],[8],[9].

The conductivity of the amniotic fluid was referred from 
the report by De Luca et al [10], which is the obtained from 
the measurement of the electrical conductivity for different 85 
samples in various gestation weeks. It was supposed that the 
conductivity of the placenta was the same value as the blood 
of mother, i.e. the value of adult. The most part of the placenta 
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consists of the blood of the mother. It was also assumed that 
the conductivities of the fetal tissues have the same values of 
the adult. The fetal brain was the averaged value of the grey 
matter and the white matter of the adult, and the fetal eyes was 
the same value of the conductivity of the eyes of adult. The 
conductivity of the fetal body was whole-body average value 
of adult model that is weighted by the volume ratio of each 
tissue.

III. CALCULATIONS OF THE INDUCED CURRENT DENSITY AND 
ELECTRIC FIELD

A. Numerical analysis method 
 In order to calculate the induced current densities and the 

induced electric fields, the impedance method [11] was 
employed. Individual tissues and organs of the human are 
assumed by the cubic voxel in which each edge is applied the 
impedance in this method. Induced currents of all edges of the 

voxels were calculated with the impedance method. Induced 
current densities were obtained by dividing the induced 
current by cross section l2. Here, l  is grid size of voxel, i.e. 
2mm. The induced electric field was calculated by dividing 
the induced current density by the conductivity given within 
the voxel. 

B. Incident magnetic fields 
Three directions of the incident magnetic fields were 

assumed along the axis directions, from above (TOP), from 
the side (LAT) and from the front (AP) in this investigation. 
The induced current density and the induced electric field 
depend on the directions of incident magnetic fields, thus the 
basic three directions of these incident magnetic fields were 
considered. The frequency of the magnetic field is assumed 20 
kHz as an example of the intermediate frequency. This 
frequency band is used for IH hobs in heating operation. The 

Fig.2 Distributions of maximum and averaged value of the induced current density along the height. The area between thick dashed lines is the existing region 
of the amniotic fluid for the pregnant-woman model. Incident magnetic field directions are (a) TOP, (b) LAT, and (c) AP. 

Fig.1 Distributions of the induced current density within a pregnant woman model. Directions of the incident
magnetic fields are (a) TOP, (b) LAT, and (c) AP. (d) is the cross-section view of the pregnant woman model. 
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magnetic flux density was set at 1 T. 

IV. RESULTS 

A. Distributions of the induced current density 
Figure 1 shows the distributions of the induced current 

densities of cross-section area for three directions of incident 
magnetic fields. As seen from the figure, the induced current 
density in the amniotic fluid is large. The amniotic fluid has 
the high conductivity of 1.27 S/m comparing with other 
surrounding tissues, e.g. muscle conductivity is 0.35 S/m and 
stomach conductivity is 0.53 S/m. The induced current 
densities within amniotic fluid tend to be larger than other 
tissues.  

In Fig. 1 (b), the induced current density around the spinal 
chord is large than the other tissues, because the cerebral 
spinal fluid (CSF) exists around this area. In the case of LAT 
exposure, the induced current flows along to the backbone, 
hence the CSF becomes the main current path. Therefore the 
induced current density of LAT exposure was the largest in all 
cases. 

Figure 2 shows the distributions of the maximum value and 
the averaged value of the induced current density in the 
horizontal plane at any height. Incident magnetic field 
direction is (a) TOP, (b) LAT, (c) AP. The red solid lines 
indicate the induced current densities of the pregnant woman 
model, and blue dashed lines indicate those of the non-
pregnant woman model. “Average” denotes the value 
averaged over a horizontal cross section, and “Max” denotes 
the maximum value in the horizontal cross section. Thick 
dashed lines at 800 mm and 1000mm height are the bottom 
and top of the amniotic fluid region of the pregnant-woman 
model. 

The distributions of induced current density in the 
pregnant-woman model and the non-pregnant woman model 
are different in the height between 800 mm and 1000 mm at 
which the amniotic fluid exist. The non-pregnant woman 
model does not have the tissue of amniotic fluid, thus the 
induced current densities of the pregnant-woman model are 
larger than those of the non-pregnant woman model in this 
region. In the case of “Average”, the maximum ratio of the 
induced current density of the pregnant-woman model is 3.7 
times larger than that of the non-pregnant woman model. The 
same tendency is observed in the case of “Max”. Significant 
differences are not observed between two models except the 
region of 800-1000 mm. 

B. Distributions of the induced electric field 
Figure 3 shows the induced electric field within the 

pregnant woman model. The directions of the magnetic field 
are (a) TOP, (b) LAT, (c) AP. From the figure, the induced 
electric field of fat tissue tends to be larger than other tissues. 
The higher electric field obtained in the fat existed between 
high conductivity tissues. In the case of AP exposure (see. Fig. 
3 (c)), it is remarkable that the electric field in the fat between 
amniotic fluid and muscle, and in the fat between two muscles 
are larger than other tissues. The same tendency was observed 
in the case of non-pregnant woman model. This tendency can 
explain by following reason. The induced current always 
flows continuously in the human body. If the low conductivity 
tissue lies orthogonal to the current flow direction, the induced 
current was interrupted. In this situation, the electric field 
becomes larger in order to keep the current flow. 

The distributions of the induced electric field in the 
horizontal plane at any height are shown in Fig.4. Incident 
magnetic field direction is (a) TOP, (b) LAT, (c) AP. Red 

Fig.3 Distributions of the induced electric field within a pregnant woman model. Directions of the incident magnetic 
field are (a) TOP, (b) LAT, and (c) AP. (d) is the cross-section view of the pregnant woman model. 
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solid lines indicate the induced electric field of the pregnant-
woman model, and blue dashed lines indicate those of the 
non-pregnant woman model. Two thick dashed lines is the top 
and bottom height of the amniotic fluid of the pregnant-
woman model. 

The difference of the distribution between two models is 
observed in the height from 700 mm to 1000 mm in the 
abdomen. The induced electric field tends to be larger in fat 
between amniotic fluid and muscle as shown in Fig.4. The 
region observed different electric field values is wider than the 
region existing the amniotic fluid. In the Fig.4 (c), it is found 
that the maximum value of the non-pregnant woman model is 
much large value in the height of 500 mm to 700 mm. These 
singular values are caused by the staircase approximation of 
the human model. The details regarding the stair-casing error 
were reported by Dawson et al.[12].

V. CONCLUSION

This paper presents the investigation of the induced current 
density and the induced electric field within a pregnant 
woman by using whole body anatomical pregnant woman 
model with fine resolution. The induced current density and 
the induced electric field were compared between pregnant 
woman and non-pregnant woman. 

The distributions of the induced current density were 
different only in the region of the abdomen between pregnant 
woman models and the non-pregnant woman model. No 
significant differences are observed in both two models in 
other region. The distributions of the induced electric field 
were almost the same tendency for two models in any cases of 
the incident magnetic field directions. The high electric fields 
were observed in the tissues in skin or fat. 
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