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The electric power lines and its associated equipments generally produce an electromagnetic 
noise in their environment, which leads to The coupling between the electromagnetic fields 
generated by theses overhead power lines and the human body. In this study, we analyzed the 
experimental characterization of low-frequency electric field in the vicinity of 225kV power line, 
then, we defined a biological tissue model to examine the level of coupling between this field and 
the human body using the ellipsoid model.  In order to verify the limits with the tolerance 
thresholds defined by international standards and the dangerous effects on the organs of the 
human body. 
The maximum electric field intensities measured were well above the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) reference levels. The dangerous effects to the 
organs of the human body are expressed in terms of the current density induced in the body, the 
specific absorption rate and the power absorbed by the body. The shape, the electrical 
conductivity and the permittivity of the organs human are the most important characteristics 
that depend on these different effects. This last will be used subsequently to verify the limits with 
tolerance thresholds defined by international standards and to respond better to electromagnetic 
compatibility (EMC) requirements for occupational and non-occupational exposure. 
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1. Introduction 

 

The risk to the health of people exposed to extremely low frequency electric and 

magnetic fields has been widely studied as all developed countries are concerned. The 

human body is a good conductor of electricity; that means that an electric current can easily 

pass through it. When the passage of the current through the body is accidental, we speak of 

an electric accident or electrification. Several authors have attempted to identify the 

potential causes of a significant signal that could be produced in the human biological 

process, subjected to low frequency electrical interactions [1] - [12]. 

The biological effects of electromagnetic fields on the human body have been a subject 

of scientific interest and public interest for their risk to living organisms. The overhead 

lines that pass over some houses, factories and schools are a source of electromagnetic 

fields. Ossama et al. [1], conducted the calculation of the field around and near the Hight 

voltage (HV) power lines. A cylindrical model of the fabric has been used, to calculate 

induced electric and magnetic fields, the induced current, the absorbed power density, when 

the human body is in perfect contact with the ground, and when isolated from the ground.  

As part of the expected biological risk assessment of magnetic field exposure produced 

by power lines, field distributions under 63kV lines are studied in [2]. S.M.Ghania, in [3], 

presented the likely risk of electromagnetic fields produced inside HV substation which is 

still considered a hot topic for utility designers and biomedical researchers in the field. 
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Therefore, electromagnetic field levels and their induction within the human body should 

be pre-evaluated as early as the design stage of the substation. He dealt with the calculation 

of the induction of electromagnetic fields in the human body inside an isolated substation in 

terms of power density absorbed using the power density poynting vector. Two 

formulations with two finite elements to calculate Extremely low frequency (ELF) fields 

induced in the human body are presented in [4].  

The current densities and specific absorption rates are important factors in assessing the 

biological effects associated with exposure to ELF magnetic fields. These important factors 

depend on the characteristics of external magnetic fields and human organs. Abd-Allah et 

al., [5, 6] presented a model for the interaction between human bodies and the magnetic 

fields generated by power lines. Electrical current densities induced and the Specific 

Absorption Rate (SAR) in a human model placed near of power lines are presented and 

analyzed for various locations and situations.  

The characteristics of the total current density in a homogeneous ellipsoidal human 

model exposed to electric and magnetic fields were discussed in reference [7]. By studying 

the phase difference between electric and magnetic fields, these authors have shown that it 

is an important factor that affects the total induced current density in the ellipsoidal model. 

In the study conducted by Poljak [8], two models are presented; the first is a multilayered 

body, the second is a realistic human body. The modeling of the human body exposed to 

very low frequency electric fields (ELF) based on these two models. ICNIRP recommends 

that the general public not be exposed to values greater than 100 microT for the magnetic 

field of induction and values greater than 5 kV / m for the electric field. 

In response to the precautionary principle, it is necessary in some situations to reduce the 

magnetic and electrical fields of a high-voltage line segment when passing close to a high 

population area. Al Salameh et al. [9], introduce a numerical solution based on the particle 

optimization technique (PSO), in order to reduce both the magnetic and electrical fields of 

the HV line by rearranging the conductors.  

There is also other research work to offer a simple solution to remove the potential 

effects of ELF fields in household electrical installations. 

The characteristics of the current density induced in the human body at 50/60 HZ are 

recently presented by A. Anany [10]. These calculations were carried out by applying a 

simulation technique of induced currents in the human body using a MATLAB program. 

He also presented recommended actions and methods for reducing magnetic fields 

generated by overhead lines. Djalel et al. [11], have recommended possible solutions to the 

problems of electromagnetic pollution in the city and thus reduce the permanent danger for 

the public. The effects of the magnetic field on human bodies have been discussed by 

Edriss et al. [12], proposing mathematical formulations to cancel the effect of the magnetic 

field associated with the HT line. 

In spite of all these works, to date, In fact, there is no known mechanism and no one 

knows exactly what is going on inside the body and what could be an effect of 50 Hz 

electromagnetic fields on health. The possible impact of electromagnetic fields on health is 

the subject of much debate and gives rise to numerous scientific studies both in the field 

and in the laboratory. Science can not demonstrate a no effect, so it is scientifically 

impossible to guarantee a zero risk. To understand the potential risks posed by a 

phenomenon, scientists are now using the notion of protection threshold; it is this vision 
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that we are interested in this paper to estimation the exposure limits of electro-magnetic 

(EM) fields produced by the overhead power lines on the human body in the greater of 

Tunisia.  

The organization of this paper is as follow, in Section 2,  the problem statement of 

electromagnetic compatibility for this study are given, in Section 3, the simulation results of 

the EM interaction between the electric field and the human body are presented; Section 4 

summarizes all results and discussion of this study. 

 

2. The mechanism coupling between the electric field and the human body 

 

The problem of electromagnetic coupling between a disturbing electrical system and 

another victim manifests itself by human body will be studied carefully (Figure 1). The first 

system generates an incident electric and magnetic field magnified by a voltage and a 

current, respectively. The second system absorbs the current and the induced power density 

in their environments. In this study, we focused on the effects of these fields on the 

environments areas with large populations. Indeed, these fields expressing themselves as a 

source of disturbances for the human body. 

.  

Figure 1. Human body exposed to overhead power line. 

In this work, the first point we have presented related to the different configurations of 

the EM fields produced by the different power lines. The characteristics of these fields 

taking into account the physical concepts based on the transmission / distribution line 

theory[13-16], in order to verify the recommended limit values for occupational and non-

occupational exposures indicated by ICNIRP [8]. For this, we have purpose  carried out 

several measurements for the single and double circuit configurations of the overhead 

power lines 30kV, 90 kV, 150 kV and 225kV [13-16]. 

 

Figure 2, show the intensity of the electric field measured as a function of the distance 

between the (N-1)th  and Nth towers of the 225 kV power line. 
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Figure.2. Electric field intensity measuring at the 225kV power line 

The maximum electric field intensity measured and presented in figure 2 for the double 

circuit transmission line 225 kV were considerably higher than the ICNIRP reference levels 

(more than 5000kV).  

The second point, linked to the EM coupling problem between a source and another 

victim. In fact, this phenomenon is reflected by the superposition of the sources of each 

voltage and induced current on the human body. However, the theoretical formulations of 

the problem are presented and the simulation process and the numerical results are given 

subsequently. 

There are two established coupling mechanisms for which electric and magnetic fields 

vary over time interact directly with biological tissue: 

• Coupling of low-frequency electric fields 

• Coupling of low-frequency magnetic fields 

For the first mechanism, human bodies are significantly affected by the spatial 

distribution of an electric field. At low frequencies, the body is a good conductor and the 

field lines outside the body are practically perpendicular to the surface of the body. This 

field produces electrical charges on the surface of the exposed body. As a result, these 

charges produce currents inside the body. The second mechanism retains the effect of 

magnetic fields. The permeability of the body is the same as that of the air, so the field 

within the body is the same as the external field. Consequently, human bodies do not 

disturb themselves by the magnetic field.  

In the next part we are interested in the effect of the electric field on the human body. 

 

3. Study of the EM interaction between the electric field and the human body 

 

3.1. Model of the human body 

Figure 3 presents the proposed model of the human body for studying interaction with 

the electric field. It is modeled by an ellipsoid, which is placed in the rectangular coordinate 

system to study the electric field, magnetic field, induced current, specific absorption rate 

and power density. 
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Figure 3. Ellipsoid model of the human body 

x, y and z are the rectangular coordinates, the size and shape of the ellipsoid are 

determined by the three parameters a, b, and c. The equation of the ellipsoid is expressed by 

[7]: 

1
2

2

2

2

2

2

=++
a

z

b

y

c

x
  (1) 

When using this model, the body height is defined as 2a = 1.8m, the width of the body 

measured from the hip to the hip is 2b = 0.5m and the depth of the body measured is 

approximately 2c = 0,2 m. It is assumed that the model is filled with homogeneous 

biological tissue and the outer medium is air. The components of external electric and 

magnetic fields are assumed to be uniform. 

 

3.2. Physical properties of the human body 

Each part of the human body is characterized by its conductivity and dielectric 

permittivity εr, which may be dependent of frequency and anisotropic. The human body 

made up of different materials with different properties to name; Magnetic permeability, 

dielectric permittivity, electrical conductivity, different from those of materials used in 

conventional electromagnetic systems. Thus, each organ of the body must be defined by its 

physical properties. Conventional values are listed in Table 1. 

The magnitude of these values is different from that of conventional materials. Thus, 

some models may not perform well even if they are valid due to poor conditioning of the 

matrix system. In addition, its properties are not well known, and depend on the activity of 

the person. The human body is active at the cell level: in order to understand the process of 

transmission of information between different cells, a defined work must be done to know 

the operating characteristics of such cells. 
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Table 1. The physical properties of the human body selected at 50 Hz [6, 17, 18 and 19]. 

Human 

organs 

Volume 

cm3 

Relative 

permittivity 

εr 

Electric 

Conductivity 

S.m-1 

Equivalent 

radius  

(cm) 

Density 

Kg / cm3 

Lung 3900 5760000 0.10 9.76 170 

Liver 3200 1830000 0.10 9.14 470 

Brain 810 12100000 0.70 5.78 1700 

Heart 280 8660000 0.70 4.06 1000 

Kidney   175 10100000 0.10 3.47 860 

From the values quoted in Table 1, it is noted that the human body is not homogeneous. 

In fact, every organ of the human body has its own electrical characteristics. The current 

flowing in a tissue is determined by the size and shape of the organ and depends on its 

conductivity. For the calculation of the electric field inside the human body, it is assumed 

that the mean conductivity of the ellipsoidal tissue model is 0.1 S/m. 

In order that the parameters of the material; permittivity, conductivity and permeability 

can be calculated, we assume in this work that the tissues of the body are characterized by 

isotropic pieces. The anisotropic characteristics of human body tissues are not taken into 

account. The values of tissue conductivity and the relative permittivity used in this work 

were obtained from references [18, 19]. 

 

3.3. Scenarios simulation  

The electric fields generated by the high voltage power lines have been considered as a 

source of EM noise with respect to the environment, especially the human body. The 

exposure to these fields can take two different scenarios are illustrated in Figure 4; the first; 

the human body is perfectly in contact with the ground, however the second, the body is 

isolated from the ground. 

 

 

Figure 4. Model of the human body (a) in perfect contact with the ground and (b) isolated from the ground. 

 

The modeling of this phenomenon of interaction between the source and the human 

body is done under the Matlab environment. The simulated human body model is 180 cm 
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high exposed to electric and magnetic fields generated by a 225 KV power line. The height 

of the power line is 24m above the ground. 

 

The physical property of the human body that made it act as a capacitor. for the first 

scenario, when the human body in perfect contact with the ground, the polarity of the body 

takes the same negative polarity as that of the earth, so the polarity of the electrical line is 

positive (+) and the polarity of the body with the earth is negative (-), this phenomenon can 

formed a single capacity consists of two types of electric charge: positive and negative. For 

the second scenario, like any other electrically conductive object, a human body can store 

an electrical charge if isolated. So here we found two capacities in series, the first, between 

the line that is positively polarized and the upper part of the human body, which is 

negatively polarized, the second, between the lower part of the body, that is positively 

polarized and the earth that is negatively polarized. 

The characteristics of this interaction will be discussed below in terms of total induced 

current density, specific absorption rate and absorbed power. The typical heights of the 

body parts used for the simulation of its characteristics are; Kidney (h = 105cm), liver (h = 

115cm), heart (h = 105cm), lung (h = 130cm) and brain (h = 180cm). 

 

3.4. The induced current density 

In most cases, incident electric fields are expressed as [6]: 

 

BzByBx EEEE
rrrr

++=  
(2) 

Where the vector BiE
r

 (i=x, y où z), Is an electric field about the axis i induced by the 

magnetic field iB . 

The uniform electric field E, induced inside the ellipsoid model is given by [20]: 
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Where rwj εεσσ ... 0
*

+=  is the complex conductivity and A is the elliptic integral of the 

model [20], E0 is external uniform vertical electric field, moreover, the angular frequency 

fw ..2 π=  where  f  is 50 Hz. 

The external electric field induces surface charges on the surface of the exposed body, 

causing the currents of the body to flow towards the earth. These electrical charges also 

produce induced currents in the body. 

The current density induced by the electric field expressed by [6]: 

Ej
rr

.σ=  (4) 

Where σ is the electrical conductivity of the human ellipsoidal model. 

For a body or a conductive object exposed to a static electric field, the charge 

distribution and their sign depend on the shape of the object and the lines of force of the 

electric field (Fig. 1). 
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Therefore, the total current flowing in this grounded body is determined by the size and 

shape of the tissue model (Figure 2), rather than by the conductivity of the tissues. 

For calculating the induced current density inside the human body, it is assumed that the 

average conductivity of the ellipsoidal tissue model is 0.1 S/m. The induced current density 

is expressed in A/m². 

Figures 5 and 6 show the induced current density as a function of the height of the 

human body for the simple and double circuits of electric power lines 225 kV. 
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Figure 5. The current density induced inside the human body for the two proposed scenarios 
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Figure 6. The current density induced inside the human body for the two proposed scenarios 

 

The distribution of the current densities induced inside the body is illustrated in Figures 

5 and 6. For a given external electric field, the highest values of the induced currents are 
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obtained when the human body is in perfect contact with the earth. Especially for the 225 

kV double circuit electrical line. 

This can be explained by the load distribution for the two scenarios proposed, the first, 

the amount of charge consists of a single capacitance, and a single potential difference 

between the power lines is the human body. The second scenario, the amount of charge 

consists of two capacitors in series, the equivalent value of this capacitance is decrease, is 

the impedance is increased so the induced current is decrease compared to the first scenario. 

Depending on the height of the human body, when one approaches the ground the 

density reaches maximum values, and when one move away, the induced current density is 

reached by the minimum values, this can be explained by the effect of physical properties 

of the ground (due to the electrical conductivity or resistivity) and their relation with the 

two feet of the human body, in fact the distribution of the charges between each foot and 

the earth can formed of a capacity, so for the two feet one has two parallel capacities , so 

the equivalent capacity for both is increases , the impedance decrease, and the current 

increase. In addition, when the body height exceeds 1.3m, the induced current density for 

the two proposed scenarios is fade away and become less visible. This study showed that 

there is a high current density induced by the double circuit power line for public and 

professional exhibitions. The coexistence of this electrical current with a high population 

environment leads to health problems for the inhabitants and researchers may be 

encouraged to innovate to provide guidance on an adequate method to minimize exposure 

to electromagnetic fields. 

 

3.5. The specific absorption rate 

 

The specific absorption rate (SAR) is the standardized rate of electromagnetic energy 

absorption, ie. The energy per unit mass, which is given by [6]: 

m

E
SAR

ρ

σ
2

.
=  (5) 

Where, mρ  is the mass density of the material in the cell. 

The specific absorption rate values are shown in Table 2 for a 225kV double-circuit 

electrical line and for different situations [16].This latter is manifested by the effect electric 

field on the organs of the human body in the measuring points (situation1) is around the 

first tower which makes the interconnection between the transformation station and the line, 

the measuring points  (situation2) is between the (N-1)th  and Nth towers of the line and the 

third the measuring points (situation3) is located near the second tower with respect to the 

transformer station. 

 
Table2. The specific absorption rate (SAR) to different human organs (watt/Kg) 

 

situation i 

SAR 

(watt/Kg)x10-6 

 

kidneys 

 

Liver 

 

Heart 

 

Lung 

 

Brain 

situation 1 SARmax 46,15 84,44 277,83 233,47 163,43 

situation 2 SARmax 3266,3 5976,6 19663 16524 11566 

situation 3 SARmax 465,12 851,06 2800 2352,9 1647,1 

Table 2 shows the specific absorption rate for various human organs such as; Kidney, 

liver, heart, lung and brain. It is observed that the rate of specific absorption increases when 
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the height of the human body increases to the position of the heart and then deprived. It is 

also noted that the SAR values for situation 2 are very high compared to the other 

situations. This can be explained by the importance of the amount of external field induced 

on the human body for situation 2. The kidney has lower SAR values because of its lower 

conductivity and the heart of this SAR values higher because of its higher conductivity. 

Therefore the variation of the SAR values depends on the values of the electrical 

conductivity and the density of each organ of the human body. 

 

3.6. The power absorbed 

 

The power absorbed by the human body should be important to demonstrate 

quantitatively the phenomenon of interaction between the MT / HT lines and the human 

body. The specific absorption rate of an exposed organ exposed to the human body 

indicates the rate of absorption of magnetic energy per organ. 

This quantity helps to assess the environmental impact of magnetic fields on the human 

body. The equation of the power absorbed is expressed by [6]. 

 

522 ....
3

2.0
RBwP πσ=  (6) 

Where ω is the angular pulsation in radians, B is the average magnetic flux density 

expressed in T and R is equivalent radius of human organ. The power absorbed is 

expressed in watt. The values of the power absorbed are shown in Table 5 for a 225 KV 

double-circuit electric line and for different situations [16]. 

 
Table 3. The power absorbed by human organs (watt) 

 

situation i 

Pmax 

(wattx10-6) 

 

kidneys 

 

Liver 

 

Heart 

 

Lung 

 

Brain 

situation 1 Pmax 380,37 48227 5838,3 66959 34143 

situation 2 Pmax 1990,5 252370 30552 350400 178670 

situation 3 Pmax 967,4 122660 14849 170300 86835 

 

Table 3 shows the power absorbed by different organs of the human body. It is noted 

that the lung absorbed the maximum power and the kidney absorbed the minimum power 

when exposing it to the electric fields produced by the 225kV power line, This explains by 

its electrical size, shape and equivalent radius of the each organ . The same is true for 

situation 2, the values of powers absorbed by human organs and higher than the other 

values of situations 1 and 3.This explains by the maximum electric field intensity measured 

and presented in situation 2 for the double circuit transmission line 225 kV were 

considerably higher than the ICNIRP reference levels (more than 5000kV). According to 

this study the guidance’s and the adequate method to minimize the exposure to 

electromagnetic fields is to establish a platform of regulatory exposure limits for human 

body. To be done, we have proposed a distance of 50m which highlights the distance limit 

to be respected in the vicinity of the power lines in high population area. 
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4. Conclusion 
 

In this work, we studied the problem of interaction between the radiated electromagnetic 

field and the human body. Several measurements of electric fields have been carried out in 

real situations at Society of Electricity and Gas of Tunisia (STEG) in [16]. The maximum 

of this field intensities measured for the 225kV double circuit power line were significantly 

higher than the ICNIRP reference levels for occupational and non occupational exposure. In 

this context, the human bodies are significantly affected by the spatial distribution of an 

electric field. At low frequencies, the body is a good conductor and the field lines outside 

the body are practically perpendicular to the surface of the body. This field produces 

electrical charges on the surface of the exposed body. As a result, these charges produce 

currents inside the body. And a biased of the electrical conductivity and the mass density of 

the material in the cell of the human ellipsoidal model the specific absorption rate for 

various human organs is very important especially the SAR values for situation 2 who are 

very high compared to the other situations. On the other hand, this effect manifests itself 

mainly by the power absorbed density on the different organs human body, which depends 

on its electrical size, shape, equivalent radius and electrical conductivity of the tissues.  In 

Future projects, this study can be employed like support in the planning of electrical 

systems in high population area. 
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