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1. INTRODUCTION 

The environment around human contains numerous sources of nonionizing radiation, which include, 

but not limited to: power lines, power stations, TV and radio repeaters, cable and satellite 

communications. Due to these sources, there exist a degree of interaction between the electromagnetic 

fields energy they generate and biological human tissue. Human tissues can absorb electromagnetic 

fields and induce conduction and displacement currents. This interaction between biological human 

tissues and radiated electromagnetic fields is influenced by a lot of factors in addition field frequency 

like dielectric properties, configured exposure source, field strength, age factor, time intensity factor, 

field location factor, geometry and size of the tissue, exposure environment, orientation and field 

polarization [1].The impact of these radiated fields can be detrimental to human tissues, especially at 

proximity, if the electromagnetic energy exceeds certain threshold value as recommended by some 

recognized international standard bodies like World Health Organization (WHO) and ICNRIP. Of 

late, it has been disclosed by WHO that the radiation from mobile phone potentially result to brain 

cancer [2-5].The International Agency of Research Cancer (IARC) has categorized electromagnetic 

fields into Group 2B that is carcinogenic to human. The need to also monitor the intensity 

electromagnetic radiations from mobile phone base station antennas has also been hinted by WHO 

[6]. 

To investigate the intensity and impacts of radiated electromagnetic energy on human tissues, the 

values of some essential field evaluation parameters, such as magnetic field strength, electric field 

strength, current density  and specific absorption rates must be determined and compared with the 

afore mentioned internationally recognized permissible values. These field values can be assessed by 

means of numerical methods, analytical calculations, or by utilizing suitable measurement tools.  
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In spite of the fact that many electromagnetic radiation phenomena have been investigated as 
contained in literature [1-5, 7-23], however, interactions that exist between radiant electromagnetic 

fields and human organic matter, are still yet to be expressively clarified. 

In terms of intensity of induced current density and specific absorption rate (SAR), the work presents 

a simplified analytical modelling of the interaction between biological human tissues and radiant 
electromagnetic fields due to base station antennas. The considered antenna radiation frequencies are 

900, 2100, 2300, 2400 and 2500MHz. 

2. RESEARCH METHODOLOGY 

2.1. Electric field Strength 

Electromagnetic waves are waves with electric and magnetic field components, which created by 

oscillating charges, possess the same frequency by way of the oscillation and propagate at the speed 
of light. In telecommunication systems, radio frequency signals are transmitted in electromagnetic 

waves form. The electromagnetic wave carries energy and transfers them to objects or bodies placed 

in their propagation paths. The rate of flow of energy in propagating electromagnetic waves can be 

defined by a vector, Sp, termed the Poynting vector, and it is given by: 
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Next, we introduce the intensity of electromagnetic waves, 
eI and it is defined as the time average of

pS ; that is: 
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Consider a base station with isotropic antenna which radiates energy in all directions in free space. By 

applying the law of conservation of energy, the constant net power emanating from the antenna can be 

expressed as: 

 dAIP e .
                                                                                                                                 

(5) 

where P and eI indicate the radiated power and the intensity as a function of a position. dA

expresses the differential element of the surface area in which the antenna is transmitting. 

By integrating over a surface area of uniform intensity, equation (5) becomes: 

24.. rIAIP ee 
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where r= radius of the sphere and 
24 rA   

Solving for eI  in equation (6) gives: 
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Specifically, for a sector antenna which radiates directionally, equation (7) can be rewritten as: 
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where ,(G defines the radiation pattern of the antenna. 

So, from equations (4) and (8), we have: 
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Equation (9) also implies that: 
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2.2. Induced Current Density and Specific Absorption Rate 

The probe of how electromagnetic energy induces humans or how much electromagnetic energy is 

absorbed by the biological humans tissues should be provided with answer quantitatively as much as 
possible. Two basic ways in which electromagnetic energy induces and impacts the biological tissue 

are through thermal effects and stimulant action. Whereas thermal effects occurs as a result of Joule 

heating, stimulant action is caused by excitation of the biological neurons and muscles owing to the 

induced current. While stimulant action is measured in terms of current density J (A/m
2
) and thermal 

effects is measured by specific absorption rate, SAR (W/kg).  

The SAR can be determined as: 



 2E
SAR                                                                                                                                 (12) 

The expression in equation can also be rewritten as: 


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The current density, J in tissue SAR and electric field strength by: 

  ESARJ  
5.0

                                                                                                                      
(14) 

 and   indicates the electrical conductivity and the density of the biological tissue in (S/m) and 

(kg/m3) respectively. 

Table 1 lists the recognized standard J and SAR values or a requirement as prescribed by the 

International Commission on Non-Ionizing Radiation Protection (ICNIRP) is listed in Table 1. 
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Table1. Dielectric Properties of the Tissues at different Frequency [21- 23] 

3. RESULTS AND DISCUSSION 

3.1. SAR 

The SAR values dependence on tissue type are plotted in Figs. 1 to 3 at 2, 4 and 6m calculation 

distances, respectively. The tissues are listed in the slithering order of their computed SAR values. 

The three highest SAR values in figure 1 to 3 are obtained for the skin, muscle and brain tissues, 
owing to their closeness to the body surface. The plots imply that the SAR values of the biological 

organs closer to the body surface are higher than ones away from the surface. Generally, it is expected 

that the closer a tissue is to the transmitting antenna, the more expose the tissue is to the antenna’s 
radiated electromagnetic energy and the higher the SAR values. This also implies that the penetration 

depth of electromagnetic energy into the tissues decreases with increasing distance from base station 

antennas locations. 

The base station operating frequencies dependence of the SAR values of biological human tissue are 
plotted in Figs. 4 to 6 at 2, 4, and 6m calculation distances. Accordingly, the largest SAR value is 

attained at2500MHz and the least at value at 900MHz. This is because of dominant relative 

permittivity at higher frequency, thus leading to increase in the SAR values. 

 

Figure1. SAR dependence on biological tissue type at 2m calculation distance 
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Densit
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CSF 68.6 2.41 66.76 3.15 66.4

7 

3.32 66.32 3.41 66.1

7 

3.50 1030 

DUR

A 

44.4 0.96 42.49 1.47 42.2

3 

1.58 42.10 1.64 11.2

9 

0.42 1030 

Brain  45.80 0.77 43.05 1.31 42.7

5 

1.42 42.61 1.48 42.4

7 

1.54 1030 

Muscl

e 

55.90 0.97 54.04 1.57 53.7

7 

1.70 53.64 1.77 53.5

1 

1.85 1480 

Skin 43.88 0.86 38.43 1.31 38.1

8 

1.40 38.06 1.44 37.9

5 

1.49 1010 

Skull 20.80 0.34 15.28 0.51 15.1

0 

0.56 15.01 0.59 14.9

2 

0.61 1850 

Fat 11.30 0.11 5.32 0.09 5.30 0.10 5.28 0.10 5.27 0.11 920 
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Figure2. SAR dependence on biological tissue type at 4m calculation distance 

 

Figure3. SAR dependence on biological tissue type at 6m calculation distance 

 

Figure4. SAR dependence on Antenna Frequency at 2m calculation distance 
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Figure5. SAR dependence on Antenna Frequency at 4m calculation distance 

 

Figure6. SAR dependence on Antenna Frequency at 6m calculation distance 

3.2. Induced Current Density 

The current density values dependence on tissue type and base station operating frequenciesare 
plotted in Figs. 7 to 12 at 2, 4 and 6m calculation distances, respectively.The three highest current 

density values in figure 7 to 9 are obtained for the muscle, skin and brain tissues, owing to their higher 

water contents and dielectric properties. The plots imply that the amount current density induce into 
the biological tissues ate tied to their water contents and dielectric properties.  

In terms of the base station operating frequencies, largest current density value is attained at2500MHz 

for muscle and the least at value at 900MHz for fat. This is because relative permittivity and 

conductivity of biological tissues increases with frequency, thus leading to increase in the current 
density values.  
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Figure7. Current density dependence on tissue type at 2m calculation distance 

 

Figure8. Current density dependence on tissue type at 4m calculation distance 

 

Figure9. Current density dependence on tissue type at 6m calculation distance 
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Figure10. Current density dependence on Frequency at 2m calculation distance 

 

Figure11. Current density dependence on Frequency at 4m calculation distance 

 

Figure12. Current density dependence on Frequency at 6m calculation distance 
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4. CONCLUSION 

In telecommunication systems, radio frequency signals are transmitted in electromagnetic waves 

form. The electromagnetic wave carries energy and transfers them to objects or bodies placed in their 

propagation paths. For health purpose, the probe of how electromagnetic waves induce humans or 

how much electromagnetic energy is absorbed by the biological human tissues should be provided 
with answer quantitatively as much as possible. Two basic ways in which electromagnetic energy 

induces and impacts the biological tissue through thermal effects and stimulant action. Whereas 

thermal effects occur as a result of Joule heating, stimulant action is caused by excitation of the 
biological neurons and muscles owing to the induced current.  

The work presents a simplified analytical modeling of the interaction between biological human 

tissues and radiant electromagnetic fields due to base station antennas. In terms of induced current 
density and SARlevels, the result obtained by means of the simplified analytical models has been 

quantitatively computed, presented and discussed. The results reveal that the specific rate of 

absorption and induced current density are strongly dependent of the radiofrequency, orientation and 

intensity of the incident electromagnetic fields, tissue type and its constituent dielectric properties 
(relative permittivity and conductivity). 
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