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Abstract

The primary objective of this paper is to assess and predict the health risk potential of extremely low-
frequency electromagnetic fields (ELF-EMFs) emitted from high voltage power transmission lines
(HVPTLs) in Akure metropolis, Nigeria. The assessment was conducted using BENETECH GM3120
Electromagnetic Radiation Tester to measure both the electric field strength and magnetic flux density
emitted from 33 kV, 132 kV, 132/330 kV and 330 kV power transmission lines within the metropolis.
The data collected were analysed and compared with limiting tolerable values by the International
Commission on Non-lonizing Radiation Protection (ICNIRP) guidelines for both occupational and the
general public. The comparative result shows that the maximum measured electric field strength and
magnetic flux density in this study are lower than 40% of the limiting tolerable values in ICNIRP
guidelines. Thus, the result of this study has shown clearly that the emitted ELF-EMF's from HVPTLs
is not strong enough to cause any adverse effect health on human. In addition, analysis of the
measured data also shows that the emitted ELF-EMFs from the HVPTLs vanish completely at about
60 m radius from the transmission lines, which implies that 60 m radius from transmission lines is an
ideal experimental shortest possible distance residential building and people should be from HVPTLs
in order to reduce the exposure level of people to EMFs radiations from HVPTLs.
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1. Introduction

The three primary sections usually involve in delivering electricity to consumers either at
residential or industrial arecas are power generation plants, transmission facilities and distributions,
also known as consumers. Among these three primary sections, transmission facilities are normally
the bridge connecting the power produced at the generation stations and the consumers. The
transmission facilities comprise transmission lines, which are high-voltage power lines extended from
power generating plants to convey electric power efficiently over long distances. The bulk
transportation of electricity across long distances is normally through either underground or overhead
transmission lines. While underground high voltage transmission lines are used in transporting power
through underwater and densely populated urban and suburban areas where there is no sufficient right-
of-way (RoW), the overhead high voltage transmission lines can be used in both sparsely and densely
populated areas in urban, suburban and rural environments once there is sufficient RoW.

Thus, in both developed and underdeveloped nations of the world, usage of underground
transmission lines for power or electricity are less common than overhead transmission lines due to
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heat related losses, long power-restoration duration and higher cost [1,2]. However, as reported in [3],
usage of overhead high voltage transmission lines in transmitting electricity is not without its
disadvantage as a result of the large areas and distances it covers and other negative impacts it
produces. One of the disadvantages of overhead high voltage transmission lines is that the electric and
magnetic fields generated by overhead transmission lines during power transmission have been
identified as a major cause of diverse health risks and safety [4-9], environmental risks [10] and
biological effects [8] in the society.

However, as a result of the present technological development worldwide, transmission and
usage of electricity are currently increasing on daily basis over the last few decades. Similarly, the
construction and extension of power transmission lines have become one of the prominent contracts
across the globe. This is because electricity has become an indispensable part of today’s society. For
instance, as reported in [11], observations have shown that better health systems and sustainable
health development goals cannot be achieved without electricity. In fact, according to [12], electricity
has become a critical universal enabler to health care services, which its unavailability will surely
make many life-saving health interventions inaccessible. Furthermore, it has equally been established
that improving access to electricity with reliable supply and voltage stability will positively have
positive impacts on health [13-15]. Due to this benefit and many others in society, transmission and
usage of electricity have increased greatly in recent times.

However, it has been observed that whenever electricity is generated, transmitted and/or
consumed, electromagnet fields (EMFs) are always generated. Thus, profuse usage of HVPTLs has
invariably led to the availability of EMFs exposure from HVPTLs and high criticism as a result of
EMFs adverse effect on human health. Therefore as a result of its negative health effect, the
construction of new overhead HVPTLs, as reported in [16], has been considerably opposed in some
nations of the world. This has led to unique concern on the relationship between the occurrence of
some diseases or illnesses and EMFs radiated from HVPTLs. For instance, [17] reported the health
risks associated with people living in proximity to HVPTLs. Specifically, the possibility of childhood
cancer and exposure to EMFs from HVPTLs has been a research interest for the past three decades.
Findings reported in [18] revealed that 20 per cent of the total population of people in Tehra, the
capital of Iran living near HVPTLs died of leukaemia as a result of exposure to ELF-EMFs. In
addition, findings from two different studies from France and the United States (US), reported in [19]
revealed that people living within 50 meters of over 200 kV power lines may become victims of
childhood leukaemia in the two nations. Similarly, the result of the study conducted in the United
Kingdom (UK) by [20] shows a perfect connection between childhood leukaemia and distance
between home address at birth and proximity to high voltage overhead power line with risk extending
out to about 600 meters. Similarly, Reference [21] also found an increased risk of adult brain tumours
among residents living very close to high power lines. Furthermore, as reported in [22] charged
corona ions formed in the neighbourhood of power lines when interacting with an airborne particle
can lead to harmful health effect.

With the current global economic development, electricity demand and usage is increasing on
daily basis. This is evidence in the world annual electricity consumption that rose from 7300 TWh to
22,100 TWh between 1980 and 2013. The per capita electricity demand projection in Nigeria equally
shows a progressive annual increase from 1106 kWh per capita in 2015 to 5002 kWh per capita in
2030 [23]. This progressive increase in usage and demand for electricity shows the possibility of
corresponding progress in EMF's in society. This is stemmed from the fact that whenever electricity is
generated, transmitted and/or consumed, EMFs are always generated. This ubiquitous of EMFs in our
environment has indeed increased daily exposure to EMFs and their hazardous effects on the general
public due to some hazardous effects associated with EMFs radiation.

Radiation is energy that emitted from a source and travels through space with the potential to
penetrate various materials. Thus, living organisms (man, animals and plants) are profoundly affected
by radiation. For instance, in human beings, radiation causes diverse responses, which are determined
by series of parameters including radiation dosage or amount of radiation energy received, radiation
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source, the genetic and epigenetic constituents of the exposed individual as well as the length of
exposure. Generally, radiation is classified into two major classes: ionizing radiation (IR) and non-
ionizing (NIR). Although EMFs associated with electricity and/or HVPTLs is a typical low-frequency
NIR, its ability to harm biological tissues had been successively established in [24]. However, none of
the surveyed literature specifically mentioned the permissive shortest distance residential
accommodation or buildings and people should be to HVPTLs concerning various power lines voltage
ranges. For instance, in [25], it was established that for every more than 600 meters away from 123
kV, 230 kV and 400 kV respectively in Iran, there is a reduction in the risk of childhood acute
lymphoblastic leukaemia. Thus, in the study presented in this paper, the variation of electric field (EF)
and magnetic field (MF) that constitute EMFs with distance will be studied to ascertain possible
shortest distance residential building and people can be from HVPTLs especially in Nigeria where
people do not only build very close to HVPTLs, as shown in Figure 1(a) but equally constructed
workshops directly under HVPTLs as shown in Figure 1(b). In achieving the goal, measurements of
electric field strength, magnetic field strength and magnetic flux density around various voltage range
HVPTLs were conducted. Detailed information on the measurements carried out is presented in
section 3 of the paper while a brief review on EMFs and their inherent health risk potential is
presented in section 2. The results of the analysis conducted on data obtained in section 3 are
presented and discussed in section 4. The paper is finally concluded in section 5 with a summary of
the findings of the study.

R 1

(b)

Figure 1. (a) Typical residential building beside and (b) Artisans workshops under HVPTLs in Akure
metropolis, Nigeria.

2. Brief review on EMFs and their inherent health risks

EMFs refer to time-varying vector quantities that depend on their frequency, phase angle,
magnitude and direction. It comprises two different but related concepts namely; an electric field and
a magnetic field. The electric and magnetic fields at a frequency range from 0-300 Hz are sometimes
produced either naturally or as a result of human activities. All alternating currents generate EMFs
[26]. While the magnetic field (MF) is proportional to the current, which is the amount of electricity
flowing through the wire, the electric field (EF) is proportional to the voltage. MF is generally
specified using either magnetic flux density, B, measured in Tesla (T) or magnetic field strength, H,
measured in Ampere per meter (Am’1 ). The two quantities according to [27] are related
mathematically as;
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B=uH (1)

where 4 is magnetic permeability in a vacuum and air as well as non-magnetic materials such
as human tissues. Similarly, according to [27], the internal electric field, £, and current density, J,
are related mathematically as;

J=ocH (2)

where o is the electrical conductivity of the medium. As reported in [17], the current
density, J , from Ohm’s laws depends on the magnetic flux density and field frequency, £, derived
from Faraday’s law of induction and radius, R, of the induction loop and is expressed mathematically
as;

J=nRfB 3)

From (3), it is obvious that B decreases approximately in a linear fashion with distance from the
current-carrying conductor. Hence, MF will induce a subtle electric current within the body at a
shorter distance than at a longer distance from the emitting source. The resulted in induced current in
the body is not conducted to the ground but causes high voltage difference within the body. The
interaction of these time-varying low EF and MF with the human body consequently result in the
flowing of electric charges, reorientation of electric dipoles already present in human tissue and
polarization of bound charge. According to [28], the relative magnitudes of different effects the
interaction of time-varying low EF and MF cause depend on both the magnetic permittivity ( £) and
electrical conductivity (o ) in equations (1) and (2) respectively. According to [28], it was observed
that exposure to low-frequency EF and MF do not cause significant energy absorption as well as a
measurable increase in the body temperature. However, their homogeneous exposures do lead to the
high inhomogeneous distribution of energy within the body, which does result in some possible health
effects and can be determined by both dosimetric measurements and calculations.

Therefore, different bodies both at national and international levels have provided different
guidelines for determining the limiting exposure level of EMFs in the human body. The main
objective of the guidelines is to protect against adverse health effect associated with time-varying
electric and magnetic fields. The guidelines were published for safe occupational and general
exposure to power-frequency electric and magnetic fields. For instance, the International Commission
on Non-ionizing Radiation Protection (ICNIRP) has published guidelines for limiting exposure to
time-varying electric and magnetic fields in the range of 1 Hz to 100 kHz [27]. According to the
guidelines, as reported in [29], the reference levels for 50 Hz time-varying electric and magnetic fields
for general public exposure are 5 kV/m and 200 puT while the corresponding values for occupational
exposure for 50 Hz are 10 kV/m and 1000 pT respectively. Similarly, the Directive 2004/40/EU
published on April 30, 2004, in the European Union provides limit exposure occupational values of 10
kV/m electric field and 500 pT magnetic flux density and an action value of 50 Hz at total contact
current of 1 mA [30]. Comprehensive unperturbed root means square (RMS) limiting reference
ICNIRP Guidelines values for both occupational and general public exposure to time-varying electric
and magnetic fields in [27] are presented in Table 1 and Table 2 respectively.
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Table 1. Occupancy reference levels for time-varying electric and magnetic fields (Source: ICNIRP,

2010)
Frequency Electric Field | Magnetic Field | Electric Field
Range Strength, E Strength, H Strength, B
(kV/m) (A/m) (T)
1 Hz-8 Hz 20 1.63x10°/ £~ 0.2/ f
8 Hz-25 Hz 20 2.0x10%*/7 2.5x1072/f
25 Hz-300 Hz 5.0x10%/f 8.0x10> 1.0x107°
5300 Hz-3 kHz 5.0x10%/f 2.4x10°/f 0.3/7
3 kHz-10 MHz 1.7x107° 80 1.0x10~*

where f is the frequency indicated in the frequency range column.

ICNIRP, 2010)

Table 2. General public reference levels for time-varying electric and magnetic fields (Source:

Frequency Electric Field | Magnetic Field | Electric Field

Range Strength, E Strength, H Strength, B
(kV/m) (A/m) (T)

1 Hz-8 Hz 5 32x10%/f° | 4.0x102/f”

8 Hz-25 Hz 5 4.0x10°/f 5.0x107/f”
25 Hz-50 Hz 5 1.6x107 2.0x107*
50 Hz-400 Hz | 2.5x10%/f 1.6x10° 2.0x107*
400 Hz-3 kHz 2.5x10%/f 6.4x10%/f 8.0x1072/f
3 kHz-10 MHz 8.3x107 21 2.7x107°

where f is the frequency indicated in the frequency range column.

Thus, according to [28], it is obvious that measurement of both time-varying electric and
magnetic fields emitted by a radioactive source can indeed be used in assessing or determining the
actual value of the radiation in the human body. The approach was therefore employed in the study
presented in this paper. The novelty of the study presented in this paper is on its application of only
measured EMFs radiation data to predict the possible health risk potential of emitted ELF-EMFs from
HVPTLs without using the popular dosimetric measurements and calculations employed in most
previous studies in surveyed literature. In addition, the study has established an experimental possible
shortest distance residential building and people can be from HVPTLs to reduce the exposure level of
people to EMFs radiations from HVPTLs. In achieving these contributions to knowledge, time-
varying electric and magnetic fields emitted from 330 kV for the grid transmission lines, 132 kV for
the sub-transmission lines as well as 33 kV for low transmission lines were measured. Detailed
information on how the measurements were conducted is presented in the next section under the
materials and method.

3. Materials and Method

This section is divided into two parts based on activities involved in carrying out the study
reported in this paper. The first part presents detailed information on the study site and the reasons for
its choice. The second part provides a detailed description of the measuring tools employed in carrying
out the study. In addition, the second part equally provides information on how the measured data
were collected. Detailed information on the two parts is presented in the following subsections.
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3.1. Study site description

The data employed for this study were collected in Akure, the capital of Ondo State, Nigeria as
well as the headquarters of Akure South Local Government Area. The metropolis is situated on
latitude 7.250° N and longitude 5.195° E. The choice of the metropolis as the data collection site was
based on these two facts: one, because Akure is the most populated metropolis in Ondo State [31],
which implies that the majority of people living and working in the metropolis can be under EMF
hazardous effect without knowing; and two, because of the availability of the four categories of the
overhead HVPTLs considered in the metropolis. In addition, Akure was used as the study site because
Thus, the study

3.2. Measuring tools description and data collection

The two simple measuring tools employed in carrying out the field measurements conducted are
shown in Figure 2(a) and Figure 2(b). While the BENETECH GM3120 Electromagnetic Radiation
Tester shown in Figure 2(a) was employed in measuring the EMFs emitted around the 33 kV, 132 kV,
330 kV and 330/132 kV power transmission lines, the measuring tape, shown in Figure 2(b), was used
to measure the distance of the residential buildings and the artisan's workshops from the power
transmission lines in the vicinities. The meter was kept at about 1.5 meters above the ground facing
the transmission lines and held steady during the measurement to enhance the accuracy of the
measured fields. The measured were conducted nine (9) hours daily (7:00 am to 12:00 noon and 4:00
pm to 8:00 pm) for a period of three weeks. At each location, measurements were conducted in
increasing interval of 5 meters to 100 meters from the centre of the base of each power transmission
line. The measurements at each time and location were recorded when the reading was stabilized. The
BENETECH GM3120 Electromagnetic Radiation Tester was used because of its inherent capability of
detecting unperturbed RMS low-frequency EMFs from 5 Hz to 3500 Hz. The meter measures the
EMFs strength and displays the results in digit form. It also displays the measured quantities in two
modes, namely the peak to peak value and absolute value. Thus, the peak to peak electric field strength
and magnetic flux density values were measured and were represented respectively as £ and B, .
Similarly, the respective measured absolute electric field strength and magnetic flux density values
were represented respectively as £, and B, . The voltage levels considered at different locations
within the metropolis where the emitted EMFs radiation was measured are presented in Table 3. The
measured electric field strength and magnetic flux density values against distance towards and away
from the transmission lines were presented graphically in section 4 under the results and discussion.
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Figure 2. (a). BENETECH GM3120 electromagnetic radiation tester and (b) 100-meter measuring
tape

Table 3. Voltage levels considered and locations

Voltage Location
level (kV)
33 WESCO, FUTA Great Hall South Campus, RCF Area FUTA
South Gate and AKAD Area
132 Iralepo, Champion Junction, Agagu Road and Champion
Substation

132/330 AKAD

330 Isinkan Road, Oludugbo Area, Adelabu Area and Agagu Road

4. Results and Discussion

The measured peak to peak electric field strength, £, , and measured peak to peak magnetic
flux density, B opo 88 well as obtained measured absolute values for the electric field strength, £ ,,
and magnetic flux density, B ,, were plotted against distance. The corresponding magnetic field
strength, H , , and H , were calculated using equation (2). The graphical results obtained are
presented and discussed in this section. The results and discussion presented in this section are divided
into two subsections. In the first subsection, the graphical results obtained were first validated by
comparing them with the standard result and similar result in a related study in surveyed literature. In
the second subsection, the results of the analyzed measured data were compared with ICNIRP
guidelines presented in Table 1 and Table 2 for occupational and general public respectively to infer
whether the emitted radiation from the ELF-EMFs investigated in this study can cause health risk or
not. Due to limited space, one electric field strength, magnetic field strength and magnetic flux density
graphical result for each voltage level were presented. The obtained graphical results of the measured
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electric field strength against distance were presented in Figures 4(a) — (d) while the corresponding
obtained graphical results of the calculated magnetic field strength against distance were presented in
Figures 5(a) — (d). Figures 6(a) — (d) similarly show the obtained plots of the measured magnetic flux
density obtained against distance. Detailed on each of the two subsections is presented as follows in
the following two subsections.

4.1. Measured data validation

The validation of the measured data was first conducted to ascertain the correctness and
reliability of the measured EMFs’ variables for the study. The measured electric field strength and the
corresponding magnetic flux density, as well as the magnetic field strength, were transformed into
graphs. This was done to allow easy comparison of the obtained graphical results’ shapes for this
study with the standard shape of the expected result provided in the ICNIRP guideline. The standard
or expected shape, according to Reference [27], shown in Figure 3, was retrieved from [32]. The
obtained graphical results for the measured electric field strength against distance and the
corresponding magnetic flux density as well as the magnetic field strength for this study are shown in
Figures 4-6 respectively.

—
[2X]

ICHIRP Guideline 100pT

400kV Single Circuit
220kV Single Circuit

220kV Double Circuit
o~
3BkV Single Circuit / / o~ \ \

, /AN
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Magnetic Flux Density (micro Teslas)
(=]

Figure 3. Standard expected shape of magnetic flux density against distance [27]
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Figure 6. Plots of measured magnetic flux density against distance for (a) 33 kV, (b) 132 kV, (c)
132/330 kV and (d) 330 kV respectively

Critical comparative observations of Figure 3 and Figures 4-6 show clearly that the shapes of
the obtained graphs from the measured data for this study presented in Figures 4, 5 and 6 resemble the
shape of the expected or standard graph shown in Figure 3. Although exact perfect visual resemblance
was not obtained, due to the variation in the voltage levels considered. However, the measured data
obtained equally vanish at different distances from the power transmission lines depending on the
voltage level as observed in the standard graph shown in Figure 3. This implies that the measured data
for this study are not only accurate but are equally reliable as well as in conformity with the standard
or expected behavioural nature. In addition, the result of the comparative analysis conducted equally
shows that the measurements conducted were not only perfectly conducted but were accurately read
and recorded.
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In addition, the measured data presented graphically in Figures 4-6, show that the values of the
electric field strength, magnetic field strength and the magnetic flux density radiated decrease with an
increase in distance in both directions as observed in the reference graph shown in Figure 3.
Furthermore, the measured values for the two fields are found to be relatively close for both
measurements made toward and away from the centre of the transmission lines. This implies that
radiated fields in electric and magnetic forms from the four voltage levels are uniformly radiated in
both directions as observed in Figure 3. This indicates that the health risks potential if any, the fields
can cause will be uniform with respect to distance either away from or toward the transmission lines
till about 60 m where the effect of the fields vanishes away in Figures 4-6.

Similarly, critical observations of Figures 4(a) — (d), Figures 5(a) — (d) and Figures 6(a) — (d)
show that the higher the voltage level of the transmission lines the higher the distance its effect cover.
For instances, while the electric field strength emitted from 33 kV in Figure 4(a) vanishes at
approximately 25 m, the electric field strength emitted from 330 kV in Figure 4(d) vanishes at
approximately 60 m. On the other, the results obtained show that irrespective of the voltage level, the
effect of the emitted magnetic field strength vanishes at approximately at the same level. For example,
while the magnetic field strength emitted from 132 kV in Figure 5(b) vanishes at approximately 35 m,
the magnetic field strength emitted from 132/330 kV in Figure 5(c) also vanishes at approximately 35
m. This implies that the effects produced by both the electric field strength and the magnetic field
strength vary with distance. Also, the result of this study shows at large that at about 60 m radius from
the power transmission lines, both electric field strength and magnetic field strength generated or
emitted vanished away completely.

This result has experimentally established the fact that 60 m radius from the power transmission
lines can be taken as possible shortest distance residential building and people can be from HVPTLs in
order to reduce the exposure level of people to EMFs radiations from HVPTLs. This observation is
also in agreement with the finding in [7] that as the distance increases the ELF-EMFs exposure levels
is usually decreased, which means that emitted ELF-EMFs strength is inversely proportional to
distance. In addition, it is interested to note that the amount of electric field strength and magnetic
field strength emitted from the power transmission lines increases as the voltage level increases. This
implies that as the voltage level of the transmission lines increase, so shall its negative effect, if any,
on public health increases. This finding is in agreement with the guidelines values stated in [27],
which were presented in Table 1 and Table 2.

To further establish the accuracy of the measured data for this study and its graphical analysis,
the obtained graphical results from the study were equally compared with graphs from a similar study
presented in [33]. The result of the comparative analysis conducted similarly shows that the obtained
graphical results in this study conform perfectly to the graphical results presented in [33]. The
difference between the study presented in [33] and the study presented in this paper is that while the
reference study, [33], investigated the ELF-EMFs emitted from both televisions screen and personal
computer’ screen or monitor, this study investigated the ELF-EMFs emitted from high power voltage
transmission lines. However, the resemblance nature of the graphical results from the two studies
indicates that the methodology employed in this study scientifically relevant while the measured data
obtained at the same time are experimentally reliable.

4.2. Health risk potential of verification of ELF-EMF's

Furthermore, in predicting the health risks potential of the measured electric field strength, the
calculated magnetic field strength and the measured flux density emitted from the four different
voltage levels of the transmission levels considered, the obtained measured electric field strength, the
calculated magnetic field strength and the measured flux density were compared with guidelines in
[27] presented in Table 1 and Table 2 for both occupational and general public respectively. The result
of the comparative analysis presented in Table 4 shows that the measured emitted electric field
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strength, the calculated magnetic field strength and the measured flux density for this study is
relatively low compare to the limiting tolerable values in [27]. For instance, for the occupational
exposure, the highest measured electric field strength, the calculated magnetic field strength and the
measured flux density are about 18.97%, 0.69% and 0.31% respectively of ICNIP guideline in [27].

Table 4. Comparative health risk potential probability of the measured ELF-EMFs variables with
standard guidelines

Occupational Guidelines Specification

Frequency, f =50 Hz
Electric field strength, E, (kV/m): 500/ /" =10.00 (ka_')

Magnetic field strength, H, (A/m): 8.0x10* = 800.00 (Amfl)

Magnetic flux density , B, (T): 25/f =0.50 (T)

Voltage Level | Measured, E, | Measured, H, | Measured, B, (T)
(kV/m) (A/m)
33 0.321 0.072 0.00000009
132 0.32 0.123 0.00155
132/330 1.897 4.233 0.00000532
330 0.0016 5.530 0.00000702

General Public Guidelines Specification

Frequency, f =50 Hz
Electric field strength, E, (kV/m): 250/ f =5.00 (ka_l)

Magnetic field strength, H, (A/m): 1.6x10* =160.00 (Amil)

Magnetic flux density , B, (T): 25/ f = 0.50 (T')

Voltage Level | Measured, E, | Measured, H, | Measured, B, (T)
(kV/m) (A/m)
33 0.321 0.072 0.00000009
132 0.32 0.123 0.00155
132/330 1.897 4.233 0.00000532
330 0.0016 5.530 0.00000702

Similarly, for the general public exposure, the highest measured electric field strength, the
calculated magnetic field strength and the measured flux density are about 37.94%, 3.46% and 0.31%
respectively of guidelines in [27]. This comparative result shows clearly that emitted radiation from
ELF-EMFs irrespective of distance has no possible health risks potential as the measured emitted
fields’ variables are lower than 40% limited tolerance values. This finding is in agreement with the
finding reported in [34] that there is no association between distance to power transmission lines and
the risk of childhood leukaemia. Similarly, the relatively low value of the measured electric field of
this study compared with the permissible guidelines in [27] buttresses the result of the study reported
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in [22] that electric field in the vicinity of high voltage transmission lines does not responsible for
cancer risk in adults. Furthermore, the finding of this study has further confirmed the finding of [17],
which reported that both electric and magnetic fields radiated by power transmission lines pose no
hazardous health effect on both the occupancy closer to power transmission lines and the general
public. This result equally agrees with the finding in [35] that there is no consistent relationship
between ELF-EMFs and some reported symptoms. It is, therefore, appropriate to conclude
scientifically that electric field strength, magnetic field strength and magnetic flux density from high
voltage power transmission lines cannot cause any adverse health effect on workers and the general
public.

5. Conclusion

The study presents in this paper provides detailed information on measurements of RMS values
of ELF-EMFs radiated from HVPTLs. The frequency of operation of the Nigerian power system used
is 50 Hz. The measured electric field strength, magnetic field strength and the magnetic flux density
were compared with the corresponding limiting tolerable values of each variable at 50 Hz frequency to
predict the potentially hazardous health effect of the fields on people. The result of the comparative
result shows that for the occupational exposure, the highest measured electric field strength, the
magnetic field strength and the measured flux density are about 18.97%, 0.69% and 0.31%
respectively of ICNIP tolerable values. This comparative result thus, shows that emitted radiation from
ELF-EMFs emitted from HVPTLs irrespective of distance has no health risks potential. Furthermore,
the obtained result equally shows that the strength of the emitted ELF-EMFs from HVPTLs is
inversely proportional to distance. Since the emitted ELF-EMFs from HVPTLs vanish away
completely at a 60 m radius from the transmission lines, it is justified to state that 60 m from HVPTLs
is an experimental possible shortest distance residential building and people can be from HVPTLs to
mitigate the exposure level of people to EMFs radiations from HVPTLs.
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