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Abstract 

A number of studies have been performed to analyze adults and also children absorption response to electromagnetic 
waves exposure. These studies have been mainly focused on the relationship between the whole-body SAR and the 
incident field strength. This first part of this paper deals with the whole body resonance region. The frequency of the 
whole body resonance and its amplitude are simply correlated to the height of the models. In the second part, the 
compliance with ICNIRP basic restrictions in terms of localized 10g SAR for incident field set to ICNIRP reference 
levels has been verified. 
 

1. Introduction 
Several studies have been performed to analyze adults and also children absorption response to electromagnetic waves 
exposure [1, 2]. The main limitation of a lot of studies is linked to the variability. Human population is highly diverse 
and it is impossible to generalize any result obtained on one model. To overcome this limitation, we have led a study 
using several adult and child models [3].The figure 1 shows pictures of the 6 adult models used. From each of them, 5-, 
8- and 12-year-old children have been built using a morphing technique [4]. The morphing technique follows 
constraints on a number of anatomical parameters and enables to obtain child models more realistic than those built by a 
simple homothetic scaling of adult models. 
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Figure 1: Adult models used to build 5-, 8- and 12-year-old children and to evaluate a mean trend of the 
electromagnetic exposure 

Finite-difference-time-domain (FDTD) [5] calculations of specific absorption rate (SAR) have been performed for a 
range of frequencies from 20 MHz to 2.4 GHz for isolated models illuminated by plane waves.  
The variability of the input data, that means the numerical phantoms, has been studied in [3] as well as the variability of 
the SAR averaged on the whole body and on partial parts of the body as head, arms or legs. 
The first part of this study is focused on the whole body resonance region around 70 MHz at adulthood. We have 
studied the correlation between the height of the models and the resonance frequency and the whole body averaged 
SAR induced at this resonance frequency. 
The second part is focused on the ICNIRP Reference Levels. In [3], we had pointed out that the ICNIRP Reference 
Levels might be not conservative regarding the whole body averaged SAR of children around the gigahertz region. In 
this paper, we have considered the ICNIRP basic restrictions in terms of localized SAR averaged on 10 grams of tissue.  

 
2. Correlations at whole body resonance frequency 

The human body presents a whole body resonance region as shown in figure 2. The frequency and the amplitude of the 
resonance depend on the age. The younger the model is, the higher the resonance frequency is and the stronger the 
resonance is. So whole body SAR induced in children is higher than the one induced in adults.  



 
Figure 2 Whole body averaged SAR depending on the frequency at each age for the mean model. 

By analyzing the correlation between the resonance frequency and the height of the models, we have pointed out that 
the human body reacts almost as a dipole antenna and the absorption peak is obtained when the height is equivalent to 
about half wavelength (more accurately 0.4 wavelength). The figure 3 shows the good correlation between the height of 
all phantoms (four ages for each of the six types of model) and the resonance frequency characterized by its 
wavelength. 
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Figure 3 Correlation between the height of the models and the wavelength at the resonance frequency.   

By that way, the height of the model denoted H and the frequency resonance characterized by its wavelength in free 
space denoted λ are linked by the following relation: 
 )m(λ4.0)m(H ≅   (Eq. 1) 

 
In figure 4, the correlation between the whole body SAR induced at the resonance frequency and the height of the 
models is pointed out. The correlation is linear characterized by the following equation: 
 )m(H0193,00616,0²)m/W(SARwb ×−=  (Eq. 2) 

Correlation beween whole body SAR and height at the 
resonance frequency

SARwb(W/m²) = -0,0193*H(m) + 0,0616
R2 = 0,8094
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Figure 4 Correlation between the height of the model and the whole body averaged SAR induced at the 
frequency resonance. R² is the correlation coefficient. 



To sum up, the height of the model enables to deduce the whole body resonance frequency by Eq. 1 and the whole body 
SAR value induced at this frequency by Eq. 2. 

 
3. ICNIRP reference levels 

ICNIRP has recommended limits to protect general public from overexposure to electromagnetic fields [6]. These limits 
are stated in terms of basic restrictions and of reference levels. Basic restrictions define among others a limit value for 
the whole body SAR. For public exposure, this ICNIRP basic restriction is 0.08W/kg for the whole body SAR. 
Concerning localized SAR induced in 10g of tissue, the basic restrictions are 2W/kg in the head and the trunk and 
4W/kg in the limbs. Reference levels have been also defined in order to ensure compliance to these basic restrictions. 
These reference levels can be expressed as electric field values denoted E: 
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In [1], we have found that the ICNIRP Reference Levels might not provide a conservative estimate of the whole body 
averaged SAR values in the case of the children (see figure 5). 
 

 
Figure 5 Electric values required to reach the ICNIRP public basic restrictions on whole body SAR for mean model at 
adulthood (blue continuous line), at 12-year-old (red square line), at 8-year-old (green circle line) and at 5-year-old 
(black square line). The dash line represents the ICNIRP public reference level. 

In order to verify the compliance with ICNIRP basic restrictions in terms of localized 10g SAR, we have assessed the 
electric values required to reach the ICNIRP public basic restrictions in terms of localized SAR induced in 10g of 
tissue. ICNIRP basic restrictions in terms of localized SAR distinguish the head and the trunk with a restriction of 
2W/kg and the limbs with a restriction of 4W/kg.  
Figures 6, 7, and 8 show the electric field values required to produce the ICNIRP public exposure restrictions on SAR 
10g induced in limbs, in trunk and in head.  These values are averaged on the six types of models for each age. 
Whatever the age and the part of the body (head, trunk or limbs), compliance with ICNIRP Reference Level ensures 
compliance with ICNIRP Basic Restrictions. 
 



 
Figure 6 Electric values required to reach the ICNIRP public basic restrictions on localized 10g SAR induced in limbs 
for mean model at adulthood (blue continuous line), at 12-year-old (red square line), at 8-year-old (green circle line) 
and at 5-year-old (black square line). The dash line represents the ICNIRP public reference level. 

 

 
Figure 7 Electric values required to reach the ICNIRP public basic restrictions on localized 10g SAR induced in head 
(left frame)  or in trunk (right frame) for mean model at adulthood (blue continuous line), at 12-year-old (red square 
line), at 8-year-old (green circle line) and at 5-year-old (black square line). The dash line represents the ICNIRP public 
reference level. 

4. Conclusion 
In this paper, the whole body resonance frequency has been studied. The correlation between the height of the model 
and the frequency of the whole body resonance as well as its amplitude in terms of whole body SAR has been pointed 
out. In the second part, we verified that the compliance with reference levels implies the compliance with the basic 
restrictions in terms of localized 10g SAR for all the models, the adult one as well as the children. 
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