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ABSTRACT: Due to increase in energy cost of transmissionhhigltage transmission becomes the most
economical for the transfer of large amounts oteleal power, because the higher the transmissioltage, the
more efficient and cheaper the transmission. Duiadcease in population, the towns are expandingl aaturally
result in the construction of buildings near higbltage power lines. This research gives an in deptalysis of
fields emitted by 11kV and 33kV power line and disscribes in details the points where the higfiekt emission

(at distance of 50m, 1.17uT is recorded for magniid around 11kV power line and beneath the pdine a
field of 0.82V/m was recorded for electric field)dacompares measurements of this fields with therriational
standard threshold values of 5V/m and 0.1uT forghblic. The magnetic field shows field/health affas its
exceeds the threshold value at some point whileldric field at all points is still below thenit as recommended
by International Commission of Non-lonizing RadiatProtection (ICNIRP).

KEYWORDS: High Voltage, Transmission line, Electric fieldealth effect, Magnetic field, Threshold
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. INTRODUCTION

The potential health and environmental effectshefwery low frequency (VLF) electromagnetic
field surrounding power lines and electrical deside subject of ongoing research. While
electrical and electromagnetic field in certaingfrency bands have fully beneficial effects for
medicine, radar and mobile telephony, they appehate more or less potentially harmful, non-
thermal, biological effects on plants, insects andnals, as well as human body when exposed
to levels that are below the standardized threshaldes. One must respect the precautionary
principle and revise the current threshold valleeg have become inefficient and not aligned in
different countries. Asbestos, leaded petrol arzhd¢oo that are polluting and aggressive to
human health are currently managed by enactingogpipte law of strict precaution after several
sessions of legislative revisions. Nowadays, peaptehighly concern about the effects of high
voltage transmission lines on their health and dalheir plants and livestock. Probable risks for
leukemia, breast cancer, neuropsychological dissr@ad reproductive outcome have been
reported (Ahmadet al, 2010).

A noticeable source of extremely low frequency a#idn is the high voltage electrical
transmission lines, which in some instance prodiweggh high losses that they bend the earth’s
ionosphere. Power lines are dangerous becauseatbaeyonstantly losing energy. If we have an
extremely low frequency spectrum analyzer, we cduld that extremely low frequency fields
propagate very far, even at long distances, andirttemsity will be quite significant from
biological viewpoint for long term exposures. Bdilgh-voltage transmission lines and also
power lines vicinity constitute a radiation hazartie size of the power line is not the issue. The
strength of the electromagnetic field (especidily thagnetic component) where you live is what
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is important. For people living at distance fromwgo lines, long term exposure may be
dangerous. Often it was found that secondary tresssom lines, like in the street are much
worse polluters than the huge power lines (Draptil., 2005). The human body is a living
antenna that can absorb and re-emit power lineggnén the environment. A school full of
children and teacher near power line can becomenaendous new source of electrical energy
and a major polluter, not only to the children e tschool, but even to people living nearby
(Wagner, 2006).

The configuration of power transmission lines dgeaffects the electromagnetic field (EMF)
bio-effects. It is common for high voltage, higha@nt carrying power transmission lines to
generate a magnetic field whose strength is wedlvalnormal household ambient levels, at
distances up to 400 meters. But it is also comnwnafneighborhood power line to create a
similar EMF at a distance of 300 meters, and ferwhring inside the walls of your house to
create a dangerous EMF at 1.0 meters. In each oas# depends on the configuration of the
wires and the amount of current they carfjne following health outcomes have been
conclusively linked with EMF exposure in some sehlyl literature: a variety of cancers,
leukemia, tumor growth, skin damage, abnormal aadtivity, sleep and daily rhythm
disturbances, perception and memory changes, gedefects and impairment of hormone
regulation and production, also gland deficiencresyous system disorders, fetal development
problems, miscarriages, birth defects, and bloaticarculatory problem (Wagner, 2006).

The U.K stakeholder advisory group on extremely limequency EMFs (2007) cited links
between EMFs and the following adverse effect;dtidbd and adult leukemia, adult brain
cancer, Alzheimer’s disease, Lou Gehrig’'s disebseast cancer, childhood cancer, depression,
electrical sensitivity symptoms, certain types ehit disease, miscarriage and suicide, many
occupational epidemiological (population health diméss), animal and cell studies reported in
the peer reviewed literature by Colchester Schaet’'s Association (1988) show major
increase in the occurrence of many diseases arih lpgablem in children and adult exposed to
EMFs. These include: leukemia, non-Hodgkins lymphaaniestinal cancer, myeloid leukemia,
brain tumors, brain cancer, immune system deficesncDNA uncoding retardation of
fertilization, increased infant mortality, embrybreormality and stunting of growth (Rubtsova,
1998). A comprehensive review recorded by Rubtsdmaluded those effects recorded
elsewhere in the literature as well as the follayyifatigue decrease in visual and motor reaction
time, attention and memory deterioration, persisteantal disorders, headache, nausea, male
sexual disfunction changes, and embryonic deatbt@®ua, 1998).

Nowadays, a multi-line power system is presentun reeighborhood to satisfy increasing need
for electric power. To distribute power from powsant to the load centre it will be required a
network starting from the transmission line unkietconsumer, so that in the vicinity of the
transmission line and distribution network will laestrong electromagnetic field caused by
currents that are drawn by their conductors. Ebeeaignetic Field (EMF) is a form of energy
emitted by charged particles. In classical physkEBIF is considered to be produced when
charged particles are accelerated by forces aotintgem. Electrons are responsible for emission



of most EMF because they have low mass, and thergi@ easily accelerated by a variety of
mechanisms.

Standard Guidelines Limits: There are European and International CommissionNon-
lonizing Radiation Protection (ICNIRP) standardsthese criteria, the frequencies of different
electromagnetic fields have a “reference value”1980, the World Health Organization (WHO)
set the limit values for the fields electric andgmetic fields shown in Table 1 (“Electromagnetic
Fields and Public Health”. World Health Organizatitune 2007).

Table 1: Recommendation limits of the strength of electnd anagnetic fields. (ICNIRP, 1998)

Organization Public Area Occupational Area
E (V/m) B(uT) E(V/m) B(uT)

ICNIRP 5 0.1 10 0.5

European Union 5 0.1 10 0.5

Overhead Power Line: High-voltage overhead power lines conduct eledyriéfom power
generating stations to power source substationghwdre located close to where the energy is
actually used. These power lines produce two tygesnergy: electrical energy and magnetic
energy which are given off in a field that expamdsll directions around the wire. The U.S
National cancer institute (NCI) describes electrgnaic field (EMF) as areas of energy that
surround any electrical device. The NCI also exigdhat EMF is produce by variety of sources,
including power lines, electrical working and hdoslel appliances.

However, the fields emitted from high voltage poweres are much stronger than those
surrounding household appliances, which typicallgdpce fields measuring between 0.01 to
0.02 uT, or 300 to 600 times higher than in theaye home (Myers, 1990).

Power Delivery SystemsPower lines are characterized by voltages and migireoltage is a
measure of the electric potential energy that maMestric charges flow through a circuit.
Current is a measure of the rate at which eled¢tobarges flow in a power line or wire. The
amount of power that a line transmits is simply gneduct of its voltage and current. Power
systems are designed so that the voltage is hidtivedy constant over time while currents are
permitted to rise and fall with power demand.

Electric generators in power stations produce etegiower at about 20kV. Large “step-up”
transformers are used to increase the voltagefficremt long distance power transfer over high
voltage transmission lines to load centers. Trassiom lines operate at voltages up to 785kV
and carry current of up to 2000 amperes. Transamdgies terminate at substations where step-
down transformers transfer power to lower-voltaggridbution lines. Distribution lines deliver
power locally through load centers to individualkerss Residential distribution systems are
comprised of two different circuits: (1) a high tage (5-35kV) or “primary” circuit that delivers
power from the substation to a local pole-mountedralerground distribution transformer and
(2) a low voltage or “secondary” circuit that delré power from the local transformers to the
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home. The voltage of the secondary side is low ghdu15/230V) to allow appliances, lighting,
and other electrical loads in the home to be opdragafely. Commercial and industrial
installations often have their own step-down transkrs and so obtain their power directly from
distribution primaries. Distribution primaries carcurrents of up to 900 A. 115/230 V wall
wiring in homes is typically design to carry cut@nf up to 30 A.

The amount of power lost in the wires during traission and distribution can be reduced by
increasing the voltage at which these lines operatansmission and primary distribution
voltages have therefore increased over the yeasgfing and Ahlbom, 1993).

Extremely Low Frequency (ELF) Radiation: Extremely low frequency (ELF) radiation is at
the low-energy end of the electromagnetic spectinthis a type of non-ionizing radiation. Non-
ionizing radiation has enough energy to move atama molecule around or cause them to
vibrate, but not enough to remove charged partislesh as electrons (ionize) and directly
damage DNA. ELF radiation has even lower energy thther types of non-ionizing radiation
like radio frequency radiation, visible light, aimdrared. Extremely low frequency radiation has
very large wavelengths-one wave can be 500 km saciidgs means that people and other living
things are in only a small fraction of a wavelengthmagnetic field will only exists if the
charges are in motion, such as with the flow o€tele current. Direct current that is going in one
direction and permanent magnets produce statih@mging) magnetic fields. This is not a form
of ELF radiation. Time-varying magnetic fields (ilading those in the extremely low frequency
range) are produced by alternating current. Thetrtefields come from unbalanced electric
charges on conductors. The electric field actstarged particles — like electrons or protons. It
can cause these particles to move leading to tve @if electric current. Magnetic fields can
produce electric fields, and electric fields camduce magnetic fields. With most types of
radiation, the electric and magnetic fields arepted. Because they act as one, they are
considered together as an electromagnetic field KENBut with ELF radiation, the magnetic
field and electrical field can exist (and act) widually, and so they are often studied separately.
The possible link between electromagnetic fieldd eancer has been a subject of controversy
for several decades. It's not exactly clear howtetenagnetic fields, a form of low-energy, non-
ionizing radiation, could increase cancer rislshibuld however be noted that, we are all exposed
to different amounts of these fields at differentes.

I. Magnetic Field Density and Electric Field Strengthfrom Maxwell’'s Equation
Generally, the electric and magnetic fields areptedi and it is necessary to solve Maxwell's
equations to determine them. But in the case oftmasl power lines, at the supplied voltage
frequency 50Hz, where electromagnetic field hasavewlength of 6000km, the quasistatic
methods could be used. These methods use theMatigell's equations.

VXE=0 (1)
V D=p (2)
VxH=J 3)
V' B=0 4
B =uH = ppH )
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D = &€ = gogr€ (6)
Where

E is the electric field strength vector (V/m), Btlie magnetic field density vector (T)

D is the electric field density vector (C?ne is the charge density (C/m), H is the magnetik fie
strength vector (A/m), J is the current densitytee¢A/m?), ¢ is the permittivity of free space
(F/m), u is the permeability of free space (H/ngsgph, 1995).

The static electric field and magnetic field coddd calculated separately. The electric field
emissions are caused by the charge g placed oootgductor element dl. The electric field
strength vector D in any point in vicinity of thereyhead power line can be calculated by the
equation below.

dE = 4R @)

" 4megR3
Where
dE is electric field strength vector in any pomwicinity of the overhead power line
g is charge placed on the conductor element disdngth of the conductor element dl.
&0 IS the permittivity of the free space, R is thetee pointing from the conductor element
dl to an arbitrary point of observation. Its lengtldenoted by R.
The magnetic field density vector dB caused by therent flowing through the straight

conductor element dl, with the length dL, can beuwated by Biot-Savart’s law.

dB = Uoi(dIXR)
4mR3

(8)

Where, dB is magnetic field density vectoy, ig the permeability of the free space dl is the
straight conductor element R is the vector from ¢k@ment dl point to an arbitrary point of
observation.

dE = dB& + dE& + dE&, (9)

dB = dB& + dB /& + dB4, (20)
With derivation proposed in the equation for thectic field strength vector dE and magnetic
field density vector dB caused by the charge qamcent | of the straight conductor element dl
are obtained, the calculated dE and dB are compokedmponents in the axis x, y and z in
equation (9) and (10). The axis are defined with thit vectors ,a & in & as shown in Fig. 1
while dB,, dE;, dB,, dE, dB,, dE are the contributions of the magnetic field dgnaitd electric
field strength in all three axis.

On the other hand the conductor of overhead poinerihside the span is not straight. In fact,
the shape of the conductor between the two towansbe described by the centenary curve,
which depends on the environmental conditions dratacteristics of the conductor. To obtain
even more exact results of the electric and magrfetid emissions, the conductor sagging
should be included in the calculations in equaf®nand (10) Fig. 1 shows the section dI of the
overhead power line conductor with length dL. Ig.HAi; the dy and dz are the components of dL
in the axis z and y, p is the conductor weight,levhi ands' + do’ are the conductor tensile
stress components in the vertieat, o' + db* and horizontas, o, + do directions.
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Fig. 1: The section dl of the overhead power Ims&de the span

In order to determine the line charges q requireéquation (8), the conductors between two
discrete points are approximated with the straggmductor to ground. Since the matrix of the
transmission line capacities C depends only onlittee geometry between the two discrete
points, the matrix of charges g on individual coctdu elements can be determined from known
matrix of line voltage U. the elements of U = (WU,, U)t are given in the following equations.

U; = UnCos (Zift) (11)
U, = UnCos (Zft - 2n/3) (12)
Uz = UnCos (Ztft - 4n/3) (13)

In case of the overhead power line there existra¢wenductors. Their number depends on the
number of overhead power line circuits, number@fductors in the bundle, manner of energy
transmission and the number of the overhead eartswWin the case of the electromagnetic
fields calculations, each conductor contributing thee electromagnetic fields emissions is
composed of straight conductor elements definedch wite position discritization of all
conductors over the whole span, the number totall straight conductors sections equals N.
The lengths of the electric field strength vectoraBd magnetic field density vector B are
calculated using the following equations.

E= ﬂ Ex+ By + B, (14)

B= \I B% + B + B (15)

In case of the overhead power line, the current aolage, respectively charge, change
periodically. In order to determine the root meguae (r.m.s) values of E and B, the time
discretization is introduced. The three phase @mamthpower line is normally fed by the three
phase sinusoidal voltage UJ,, and U (Joseph, 1995).



U1 = UnCos (2tft) (16)
U, = UnCos (Ztft - 2a/3) a7)
Us = UnCos (2tft - 4n/3) (18)
They are displaced fom23, where

Un is the amplitude and F = 50Hz is the frequency.

Similarly, in the case of symmetrically loaded dwad power line, the line currentsiband g
are described by the following equations

i1 = I,Cos (2rft) (19)
iz = InCos (&ft - 2n/3) (20)
i3 = InCos (2t - 4n/3) (21)

Where |, is the amplitude

In this way, the instantaneous values of the cusrén equations (19) — (21), voltages (16) —
(18), as well as E in equation (14) and B equa(it), are determined in each time discrete
point. The r.m.s values of the electric field sggnE.m.s and magnetic field density.B.s are
defined by the following

Erms= \|LLZ E() for J=1 (22)
Erms= N\ 1/LZ B? (j) for J=1 (23)

where L is the number of samples per one cycleuaidmental frequency, while j denotes
sample.

Il Materials and Method
In this article, the following materials were usedeter rule to measure distances (10m, 20m,
30m, 40m ..... 100m). A sensor ED78S electrosmog messr used; It detects low frequency
(LF) magnetic field in units of tesla or gausscéie field in unit of V/m and high frequency RF
electromagnetic field strength signal as well dspleone radiation. Also measured LF magnetic
field strength is shown on the digital LCD displ@yith pT and mG). Two LF modes can be
selected; (a) LF30 mode (0.1mG-30mG) and (b) LF®@de (1mG — 600G). It runs on one 9v
alkaline battery.
Study areas were selected based on the local loighge transmission (HVT) line distribution.
We took measurements (10m, 20m, 30m, 40m ...... 100n¥glexdtric and magnetic fields at
selected locations along preferred route. Bothtetefields and magnetic fields were measured.
Each measurement was acquired over a short pddpdn stabilization of a reading, the
maximum value was recorded. Continuous measuremeares performed at different distances
at each measuring points. The measurements were dla height of 1meter above sea level, in
accordance with the industry standard protocoltéding measurements of EMF near power
lines.
The electric field was measured in units of V/mhwén electrosmog sensor and meter. The
magnetic field was measured in units of uT usiegtebsmog meter and sensor. This instrument
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meets the Institute of Electrical and Electronigiteering (IEEE) instrumentation standard for
obtaining valid and accurate field measuremenisoater lines frequencies (IEEE Std. 1308 —
1994, R2001, R2010). Measurements of electric fialtd magnetic fields were taken
horizontally on the preferred Route on Palm Steswt Okodi/Atakpa. Measurements of electric
fields and magnetic fields was carried out on a\V38tnsmission line that runs through Cross
River University of Technology and 11kV transmisslme along Palm Street and Okodi/Atakpa
measurement of both electric field and magnetitd$ievas carried out when the lines were
charged.

V. Results and discussion
Tabulated results of the measurements are presenfables 2 and 3, also in Figs. 2 and 3.
Nearby sources of electric fields include not otilg existing overhead transmission lines, but
also other sources like cell phone tower along Fatiraet.
Table 2: Measured Electric and Magnetic Fields adollkV power line

Distance (m) Mean E(V/m) Mean B(uT)

0.00 0.82 0.38

10 0.71 0.75

20 0.61 1.08

30 0.50 0.73

40 0.34 0.65

50 0.36 1.14

60 0.31 0.29

70 0.49 0.64

80 0.59 1.17

90 0.47 0.86

100 0.035 0.48
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Fig. 2: Plot of Electric and Magnetic Field Stramground 11kVA Line



Figure 2 shows that the magnetic field in 11kV poviee in Palm Street was close to
environmental background levels. However, nearly bhall measurements at Atakpa/Okodi
were in the range of 0.25-0.36uT. At a distanc8@h the maximum emission of 1.17uT is
recorded; this is the point of lowest conductor. s&gdistances of 50m, 90m and 100m at
AtakpdOkodi is the points where the magnetic field ishha@mpared to the reference limit of
0.1uT. In order to define explicitly different ldgeof exposure to magnetic field from
transmission lines of the two points in this wolkakpaOkodi was defined to locate in a higher
power frequency EMF exposure area compared witin Bteet. The maximum measurements
obtained in Palm Street and Atakp&odi is 0.9uT and 0.71uT at distances of 80m & 9
respectively. The minimum measurement for Palmebtamd AtakpéDkodi is 0.4 and 0.25 at
distances of 0.00, 100m and 30m respectively fogmatc field in 11kV power line. This
exceeds the threshold values of 0.1uT as recomrdebgielICNIRP for the public. Also,
measurements of electric field in Atakpa/Okodi wiakeen and the mean of the two points taken.
The maximum field measurement was measured at Fateet underneath the power line
(1.021Vv/m). The strength of the electric fields ases with distance. At a distance of 70m and
80m the field increases again. This is caused Oiatian from mobile phone base station and
lowest conductor sag. The field reduces at a distafi 90m and 100m. This could be caused by
shielding of the fields by houses and trees. Thairmim field measurement was recorded at a
distance of 100m (0.035v/m). In Atakpa the eledietd beneath the power line is much higher
than the field recorded in Okodi but do not excterlreference level (0.021V/m). At a distance
of 10m the electric field in Okodi reduces to nofmeavironmental background level. At a
distance of 20m to 100m the electric field in Ok8tlieet is at normal reference level. The points
with highest electric fields are points of loweshductor sag. At distance of 30m to 80m and
100m the electric fields here are at normal refeedavel. The point of highest field emission is
recorded beneath the power line in Atakpa Streetigh none of these points exceeds the
threshold value as recommended by ICNIRP for thH#i@u

Table 3: Measured values of Electric and Magne®tds around 33kVA power line

Distance(m) Electric Field E(V/m) Magnetic Field B{T)

BENEATH 0.82 0.38
10 0.71 0.75
20 0.61 1.08
30 0.5 0.73
40 0.34 0.65
50 0.36 1.17
60 0.31 0.63
70 0.58 0.81
80 0.59 1.14
90 0.47 0.85
100 0.35 0.45
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Fig. 3: Plot of Electric and Magnetic Fields strénground 33kVA power line

Figure 3, shows that the electric field measurenframh 33kV power line, beneath the line and
at distance of 10m to 100m around Cross River Usityeof Technology Gate, the fields are at
normal reference level. The field is lowest atahste of 30m (0.27V/m). Around Cross River
University of Technology Model Primary School, theld is at normal reference level beneath
the power line. At this point i.e beneath the polrer there was no conductor sagging and there
is no transformer or mobile phone base statiois drea. At a distance of 10m where there is
lowest conductor sag, the radiation increased thjiglibove normal reference level. At a distance
of 20m to 50m the level of radiation decreasesragganormal reference level. As the metre was
gradually moved away from this point, the radiasidmegin to decrease gradually to normal
reference level. The highest radiation from the\83ke is recorded at a distance of 60m
(0.43V/m) from the power line.

V. Conclusion

Measurements of electric and magnetic fields irkpsOkodi Street and Palm Street are carried
out by in-situ measurement using electrosmog métez.results are considered and studied. The
comparison of this result with the standard exp®dimits which is set by the international
commission on non-ionizing radiation protection ofV/m for electric field and 0.1 uT for
magnetic field shows they don’t pose any risk tmho health if the exposure is for short period
(ICNIRP, 1998). However, a risk does exist if thertan exposure is for a long and continuous
period. The minimum field measurement is recorded distance 60m from the transmission
line. It was discovered that, the maximum field megament is recorded at points of lowest
conductor sag and from Fig. 3 it shows that wheese is drop in electric field a simultaneous
drop in magnetic field was observed as a resuletieegood correlation between electric field
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and magnetic field. Fig. 2 also shows that at tadie of 80m the maximum emission of 1.17uT
is recorded,; this is the point of lowest condusiag.

Base on the results and theoretical analysis, wemeend that people should keep away as
much as possible from the source that causes @teagmetic pollution. Avoid prolong exposure
to higher levels of fields. Buildings should not é&ected beneath the transmission line. We also
recommend increase in the height of the centrad@loéthe conductor above the current level of
11 m for 33kV and 11kV power line. Correcting poarittow conductor sag will equally reduce
the rate of exposure to electromagnetic field adopower lines. This will leads to the reduction
of the peak value of the magnetic field. Limitirgetpossibility of induce current from objects
like buildings, mobile objects such as vehiclepéoson’s can be accomplished by maintaining
proper clearances for above ground conductor.

REFERENCES

[1]. Ahmadi, H., Mohseni, S., Shayegani A.A (201B)ectromagnetic Field Near Transmission Linesibpgrms
and solutions. Iran journal of Environ. Health Eog. Vol.7(2) Pg. 181- 188.

[2]. Draper, G. Vincent, T., Kroll, M. E., Swansah, (2005). Childhood Cancer in Relation to Distafrom High
Voltage Power Lines in England and Wales, UnivegrsftOxford, British Medical Journal.

[3]. Feychting, M., and Ahlbom, A. (1993). Magnekilds and Cancer in Children Residing Near SweHiigh-
voltage Power Lines. American Journal of Epidenggldl38: 467-481.

[4]. ICNIRP Guideline, (1998). Guidelines for Linmg Exposure to time-varying Electric, Magnetic and
Electromagnetic Fields (up to 300GHz), Health Ptg/svol. 74 pp 17-18.

[5]. Myers, A., (1990). Overhead Power Lines anbildhood Cancer, Paper Presented at the Interration
Conference on Electric and Magnetic Fields in Miediand Biology, London.

[6]. Rubtsova, N. I., Wolfe, M. S. (1998). Assessinef Health Effects from Exposure to Power-Lineduency
Electric and Magnetic Fields, NIH Publication, 9883.

[7]. Wagner, P., Roselike, J., Mann K., Hiller ViFrank C., (2006). Human Sleep under the InfluencBuwsed
Radio Frequency Electromagnetic Fields.

[8]. World Health Organization (2007). Standardd &uidelines Electromagnetic Fields (EMF).

[9]. Joseph A. Edminister (1995). Electromagnetissgond edition. Mcgraw hill. ISBN 0-07-018993-5, P®5,
248.

11



