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Abstract: The lateral distribution of the extremely low frequency (ELF) electric and magnetic 

fields underneath 132 kV overhead transmission line in Egypt are measured and presented in 

this paper.  The lateral and longitudinal profiles of electric and magnetic fields in two buildings 

nearby 132 kV power line are also measured and have been analyzed.  The measurements have 

been carried out at different floors of the two buildings nearby the power line. The measured 

values have been compared with the corresponding standard safe limits to indicate the 

possibility of presenting long term health problem, some suggestions concerning living beings 

are presented. 
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Introduction: 

Electric energy is used to the benefit of people all over the world.  Wherever electricity used, 

electric and magnetic fields are created.  These fields are a direct consequence of the presence 

and/or motion of electric charges.  It is impossible to generate and use electrical energy without 

creating these fields.  Electrical energy is generally supplied, as AC with 50 Hz as a cycle 

frequency thus, 50 Hz AC electricity will generate a 50 Hz electric and magnetic fields (EMFs). 

EMF with cycle frequencies of greater than 3 Hz and less than 300 Hz is generally reefed to an 

extremely low frequency (ELF) EMF [2-33]. In addition to magnetic fields associated with 

static magnetic field (0 Hz) that varies by location from 3-5 mG [2]. 

The interaction of EMFs with matter has been studied for over a century [3].  Physicists are 

asked about the potential health hazards of the ELF/EMF. In 1979, Wertheimer and Leeper [4] 

reported and enhanced rate of leukemia for children living near high current power lines in 

Denver, USA.  This study catalyzed the widespread opinion that it is dangerous to live near 

power lines.  Since that finding, there have been numerous studies of human populations and 

animals aimed at clarification of the observations of Wertheimer and Leeper and others.  By 

late 1995, there were well over 100 published studied in the scientific literature [5-14].  These 

studies fueled public concerns about the possibility that ELF/EMF can promote cancer.  Many 

studies have measured EMF at locations in the utility industry by Bracken and Patterson [10-

11]. They analyzed data for person exposure in the electric utility industry.  By job category, 

exposures ranged from an average of 2.2 mG for office workers to 10.4 mG for line workers. 

In conclusion, the electromagnetic fields radiated from HVAC transmission lines have 

environmental effects and hazards of various danger on human beings, animals, and plants, 

therefore, it is important to assess the values of the electric and magnetic fields in buildings 

near power transmission lines and check against the permissible limits. 
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In this paper, measurements of electric and magnetic field in buildings near HVAC power 

transmission lines are carried out.  The measured values are compared with permissible limits.  

To reduce the magnetic field inside buildings, several requirements have been suggested in this 

paper.  The safe distance from HVAC power lines has been also discussed. 

 

Background: 
An enormous amount of electricity is created at power generating stations and sent across the 

country near cities through wires that carry high voltage.  These voltages of HVAC overhead 

power lines can be, in Egypt, 11, 33, 66, 132, 220 and/or 500 kV.  All power lines emit EMFs. 

The electric field is proportional to the line voltage, while the magnetic field depends on the 

load current.  Typically, HV transmission lines carry high current and therefore give both high 

electric and high magnetic fields. The ELF/EMF emitted by power lines can be high directly 

underneath the line and reduces far away. 

An AC electric current produces two types of fields, an AC electric and magnetic fields, 

which together are called an electromagnetic field.  The AC electric fields result from the 

strength of the charge and the AC magnetic fields result from the motion of the charge.  People 

can sense an electric field of more than 20 kV/m as a slight tingling sensation on their skin.  

This level can be found underneath HV power lines. On the other hand, most people can not 

feel the presence of AC magnetic fields except at extraordinarily strong level. 

A graph of AC current will form sine wave, with a positive voltage for half of the time, and 

a negative voltage for the other half.  The same is true of the electric and magnetic fields, which 

travel in one direction and then the other, corresponding with changes in direction of the AC 

current.  Since power lines carry electricity with a 50 Hz cycle, the resulting AC electric and 

magnetic fields also oscillate at 50 Hz (ELF).  That means long and weak waves. EMEs are at 

the non-ionizing bottom end of the electromagnetic spectrum and ENE is far too weak to deposit 

energy in living organisms to break chemical or molecular bonds.  This unlike the ionizing 

radiation levels of x-rays, which have the power to break up molecules. 

The magnetic fields are generated when electric charges are moving in free space and within 

conductors.  High current sources such as lightning, transmission and distribution lines, 

transformers, network protectors, secondary feeders, switchgears, distribution bus ways, 

electric panel, motor, and electric heaters produce very high magnetic fields. 

Fortunately, grounded conductive objects including trees, buildings and metal conduits easily 

reduce or completely shield electric fields.  Unfortunately, magnetic field are extremely difficult 

to shield and easily permeate nearly all materials including people, trees, buildings, equipment, 

and most metal except special ferromagnetic and highly conductive copper and aluminum 

materials. 

Electrostatic induction occurs when AC 50 Hz electric field couple with conductive animate 

(humans) and inanimate objects, thereby inducing currents and voltages within the object [16-

20].  The actual current consists of movements of charged particles.  These particles are electric 

in metallic conductors and ionic conduction in body tissues and fluids.  The voltage and currents 

induced directly into human are of concern if they are high enough to cause direct biological, 

physiological, and psychological effects.  If the conductive objective grounded, the induced 

current that travels through the object to the ground is called the short circuit current I. This 

current flows from head to feed in humans and animals which can be approximated by Isc 

=54xl0-7 (h2 E) where h is the object height in meters and E is the electric field intensity in 
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kV/m. When a grounded person touches an isolated conductive object within an electric field, 

a perceptible current or shock may occur.  The same phenomena also happen when the person 

is insulated, and the conductive object is grounded.  These shocks may be depending on the 

current, perception, secondary shocks that are annoying but not harmful and primary shocks 

which are very dangerous. 

Electromagnetic induction occurs when AC 50 Hz magnetic fields couple with animate 

(humans) and inanimate conductive objects (wires, metal beams, ducts, ...), thereby inducing 

circulating currents and voltages.  Magnetically induced currents in human tissues flow in loops 

on the form of eddy currents perpendicular to the field.  Magnetic fields from transmission lines 

will normally induce voltages at the open ends of long parallel conductors, which are dangerous 

shocks also. 

 

Permissible Levels of ELF/EMFs: 
It has been realized that a magnetic field of 1 G (1G= 10-4 Tesla (T) and 1 G=0.0125 A/m) 

will induce a current density of about 100 nA/cm2 in the body.  Also, an electric field of 1 kV/m 

will induce a current density of 30 nA/cm2 averaged over the entire body [1 5,19]. 

Currently, there was no Federal standard in USA for AC ELF/EMF levels [15,20,21].  Most 

states have not set acceptable ELF/EMF levels. American Conference of Governmental 

Industrial Hygienists recommends 10 G and 25 kV /in for occupational workers.  Lower levels 

of 1 G and 1 kV/m are recommended for occupational workers with cardiac pacemakers.  New 

York and Florida have set 1.6 kV/m and 200 mG right of way (ROW) limits for new power 

lines.  Irvine, California, and Brentwood, Tennesse, set 4 mG limits.  Some city regulations 

seek to constrain magnetic field to less than 2 mG [20, 22]. The USSR had accepted the rules 

for duration of work in substation [1] as:  

no restriction concerning the duration time if the field intensity E is less than 5 kV/m, 3 

hours/day if E=5-10 kV/m, 1.5 hours/day if E=10-15 kV/m, 10 minutes/day if E=15-20 kV/m 

and 5 minutes/day if E=20-25 kV/m. 

Unfortunately, there is a conflicting scientific research and lack of governmental standards 

concerning the permissible levels of ELF/EMF. Also there is a very confusing picture results 

from the wide variation in field values, frequencies and exposure duration used in different 

studies [1,20]. This means that it becomes the client's option to establish an acceptable human 

exposure. 

 

Home Tests: 
Naturally, home wiring especially around service entrance is also included as a field source.  

However, electric fields are present around any appliance with 220 or 380 V connected to it, 

even if turned off. A grounded outlet using a 3-lead cord will reduce the level of electric field.  

The best way to reduce electric field exposure is to unplug appliances not in use. This is not 

very practical in the case of frequently used appliances, so cords can be kept as short as possible.  

Three wire grounding cords can also be installed on appliances.  Also, cords can be routed away 

from areas that are occupied for long periods of time, such as beds, desks, and chairs.  Magnetic 

fields can be reduced in home by turning off power to appliances. 

To test home for magnetic fields, walk through your home with an ELF/EMF meter.  If the 

reading is generally below 1.0 mG except near appliances, the home is wired correctly.  If there 

are an extensive of higher readings, you need to determine if the EMF is coming from a source 
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outside the home.  To start, walk outside and see what the readings are around your home.  Then 

turn off the electricity at your panel box and check inside home.  The result will tell you if need 

to go further and check the home wiring. 

The following instructions could be done in the home to reduce ELF/EMF level, to save 

energy and to protect equipment against surges: 

1. All equipment must be properly grounded. 

2. Do not leave wall warts plugged in when not in use. 

3. Fluorescent lighting could be replaced in living areas and kitchens with incandescence 

ones. 

4. Stay away from compact fluorescent. 

5. Computers could be turned off when not in use. 

6. Electric motor driven clocks could be changed by quartz battery ones. 

7. Monitors and TV screens could be placed at least 60-100 cm from viewing positions. 

8. Metal conduit for all house wiring could be used also metal box instead of plastic ones. 

9. Telephone answering machine could be placed away from the head of your bed. 

10. Personal appliances could be used as short time as you can. 

 

Measuring Scope: 
The demand of electrical energy has increased over the past decade. This leads to construct 

different HVAC overhead transmission lines near to Assiut City, Egypt [23].  Due to the 

continuous increase of Assiut population, the populated areas and buildings are presently 

expanding towards the 132 kV power lines as shown in Fig. 1. Hence, people living in houses, 

children playing in public gardens and farmers working in their fields near these lines may 

exposed people to electric and magnetic fields emanating from these lines. 

Two buildings nearby 132 kV power line are chosen to measure the electric and magnetic 

fields outside and inside them.  One of them will be called Bld-1 Fig. 1 is living building and 

consists of five floors.  The other building will be called Bid-2, consists of eleven floors and is 

under construction where eight floors have been built at recording time of these measurements. 

Using the HI-3604 ELF rms survey meter carries out the measurements.  This meter is 

designed to measure both electric and magnetic fields associated with 50/60 Hz power lines.  

This field meter is made in USA with sensitivity of 1 V/m to 199 kV/m for electric fields and 

0.1 mG to 20 mG for magnetic fields. 

The measurements will be 60 cm above the ground surface. The operator should be at 2 m 

from the meter to read the electric fields while he may stay close to it for magnetic field 

measurements. 

 

Results and Discussions: 

HVAC 132 kV overhead power line consists of double circuit vertical arrangement, Fig. 1. 

The distance between the two circuits is 8.2 m and the height of the lower phase above ground 

surface is 18.5 m. Each phase consists of one conductor of 13.398-mm diameter.  The loading 

current of such line varies with the daytime and its maximum value is 130 A. 

The lateral distribution of electric and magnetic fields over the ground surface and underneath 

the power line near Bld-1 has been presented before [23].  The maximum values of electric and 

magnetic fields are 1.45 kV/m and 10 mG respectively [23]. 
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Fig. 1 132 KV HV overhead transmission line and building near it. 

 

Figures 2 and 3 show the lateral distribution of EMFs at 1st floor inside Bld-1.  It is seen that 

both fields are decreased with increasing the lateral distance far away from the power line.  The 

maximum magnetic field inside first floor of Bld-1 is 7 mG and it is unsafe in comparison with 

2 mG as a permissible level. 2.3 V/m is the maximum electric field which is considered safe. 

The electric and magnetic field in balcony of Bld-1 over five floors are shown in Figs. 4 and 

5 respectively.  The maximum electric field increases to 387 V/m but still safe value while the 

magnetic field is still at 7 mG and unsafe value for living objects.  The same values but inside 

the room of Bld-1 are shown in Figs. 6 and 7 for electric and magnetic field respectively.  The 

maximum value of electric field decreases to 51 V/m and that of magnetic field decrease to 5 

mG and unsafe value also. 

The longitudinal distribution of EMFs inside Bld-2 with two lateral positions is shown in 

Figs. 8-11. The electric and magnetic field at eight floors inside Bld-2, at two positions Y1Y1 

& Y2 Y2 in the building, are shown in Figs. 12-15.  The electric field is within the safe level 

while the magnetic field, with maximum value of 6.5 mG, is unsafe as a living level. 
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Conclusions: 

The following are the main conclusions concerning the electric and magnetic fields in buildings 

nearby 132 kV power lines: 

1. The electric field values are safe for living up to 24 hours in buildings near 132 kV 

power lines. 

2. The magnetic field values are unsafe for living up to 24 hours in buildings near 132 kV 

power lines. 

3. The value of the magnetic field depends on the load transmitted by the power line as 

well as on the grounding system used. 
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4. High voltage power lines of values exceeding 66 kV should be moved away from 

populated areas at sufficient clearances. 
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