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Abstract

In this study, the public exposure to extremely low frequency magnetic and
electric fields originated from power frequency (50 Hz) was investigated
both indoor and outdoor in the city of Ramallah-Palestine. Spot
measurements were used to record fields’ intensities over six-minute period.
Outdoor measurements were performed at one meter above ground level and
directly underneath 40 randomly selected power lines distributed fairly
within the city. Outdoor electric fields varied depending on the line’s
category (Power line, transformer or distributor), a minimum mean electric
field of 3.89 V/m was found under a distributor line, and a maximum of
769.4 V/m under a high voltage power line. However, results of outdoor
electric fields showed a log-normal distribution with geometric mean and
geometric standard deviation of 35.88 V/m and 2.81 V/m respectively.
Outdoor magnetic fields measured at power lines, on contrast, were not log-
normally distributed; the minimum and maximum mean magnetic fields
under power lines were 0.894 uT and 3.5 uT respectively.

For indoor measurements, a group of 32 semi-randomly selected residences
distributed amongst the city were under investigations of 50-Hz electric and
magnetic fields. Measurements were also carried at one meter above ground

level in the residence’s bedroom or living room under both zero and normal-
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power conditions. Fields’ variations were recorded over six-minutes and
some times over few hours. Indoor electric fields under normal-power use
were relatively low; about 59% of residences experienced mean electric
fields less than 10 V/m. The highest mean electric field of 66.9 V/m was
found at residence R27. However, indoor electric fields were log-normally
distributed with geometric mean and geometric standard deviation of 9.6
V/m and 3.49 V/m respectively. Indoor background electric fields measured
under zero-power use, were very low; about 80% of residences experienced
background electric fields less than 1 VV/m. Under normal-power use, the
highest indoor mean magnetic field (0.448 uT) was found at residence R26
where an indoor power substation exists. However, about 81% of residences
experienced mean magnetic fields less than 0.1 pT. Magnetic fields
measured inside the 32 residences showed also a log-normal distribution
with geometric mean and geometric standard deviation of 0.044 uT and 3.14
UT respectively. Under zero-power conditions, about 7% of residences
experienced average background magnetic field greater than 0.1 uT. Fields
from appliances showed a maximum mean electric field of 67.35 V/m from
hair dryer, and maximum mean magnetic field of 13.67 uT from microwave
oven. However, no single result (of both indoor and outdoor measurements)
surpassed the ICNIRP limits for general public exposures to ELF fields.

A strong negative correlation was found between indoor electric fields and
distance from closest operating appliance with correlation coefficient and p-
value of — 0.8 and 0.000 respectively. On the other hand, a moderate negative
correlation was found between indoor magnetic fields and distance from
closest operating appliance with correlation coefficient and p-value of — 0.41

and 0.020 respectively.



Chapter One
Introduction

1.1 Background

In modern life conditions, where electricity-based technologies have become
an integral part of our lives, the demand for electricity has enormously
increased to maintain modern conveniences. Wherever electricity exists,
there exist, as well, electric and magnetic fields. Electric fields arise from
electric charges (i.e. potential difference) and are shielded by most common
materials, even the human body. Magnetic fields, on the other hand, originate
from the motion of electric charges (i.e. currents). On contrary to electric
fields, magnetic fields are not shielded by most materials and can easily
penetrate them. Both types of fields are highest in proximity to the source
producing them, and diminish increasingly as we get further away from the
source. Electric power operates at frequency of 50 or 60 Hz (50 Hz in
Palestine), this frequency belongs to the range (3-3000 Hz) usually named
as extremely low frequency (ELF). Both electric and magnetic fields
originated from power frequency (50 Hz) are called extremely low frequency
electric and magnetic fields (ELF EMF). (Indira N. et al, 1989; David O. et
al, 1994, Palestine travel adaptors, 2017)

Transmission lines, high voltage (HV) power lines and transformers, and

distributors are major sources of ELF EMF. Additionally, electric household
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appliances are significant operators of exposure to ELF fields. (Riadh W.Y .,
2002).
The huge demand for electricity in the modern life, resulted in extending HV
power lines in rural, sub-urban, urban areas, and sometimes in close vicinity
to populated areas, and substantially increasing the public exposure to ELF
EMF. However, Electric and magnetic fields underneath a power line vary
depending on the voltage and the current carried by the line. Residential
exposure to power-frequency fields in homes is much lower, though. Low-
voltage (LV) electricity inside homes makes the strength of average electric
fields in order of only few tens of volts per meter, while average magnetic
fields vary from less than one to several micro tesla near some electrical
facilities. (WHO, 2007).
Over time, there have been much concerns about ELF magnetic fields and
its potential to assist health risks as childhood leukemia, breast cancer, and
other symptoms that might be attributed to long term exposure to this field
(Davis et al, 2002; Schuz et al, 2001; Friedman D. et al, 1996; Feychting M.
et al, 1996; Pedersen C. et al, 2015).
ELF electric and magnetic fields can induce small currents (and hence,
induced electric fields) inside the human body which at very high level cause
nerve and muscle stimulation. (James C. L., 2009). Furthermore, the
association between elevated ELF magnetic fields and the risk of childhood
leukemia has been given a great deal among much of the scientific researches
over the past few decades. In 2002, the International Agency on Research on

Cancer (IARC) published a monograph addressing ELF magnetic fields as
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possibly carcinogenic to humans. This classification was based on pooled
analysis of epidemiological studies and previous researches. IARC stated
that there is a link between childhood leukemia and ELF residential magnetic
fields (above 0.3t0 0.4 uT). (WHO, 2002)

Exposure to ELF EMF was limited by guidelines of the International
Commission on Non-lonizing Radiation Protection (ICNIRP). These
guidelines, relying on scientific data, provide the safe levels of exposure to
power-frequency electric and magnetic fields. (ICNIRP, 1998)

In Palestine, the public concern about the possible health effects of
electromagnetic fields in general has increased mainly after the wide spread
of sources emitting electromagnetic energy used for telecommunications (as
TV broadcasting, mobile telephony base stations, and FM radio) and other
sources located indoor like microwave ovens. These mentioned sources of
electromagnetic energy, which is usually, known as radiofrequency (RF)
electromagnetic fields, are well investigated in the country, both indoor and
outdoor. (Lahham A. et al, 2015; Lahham A. et al, 2011). The public concern
regarding the possible health implications of exposure to ELF fields in
Palestine has underlined the importance of having accessible and easy to

recognize information about ambient levels of ELF EMF in our environment.

1.2 Literature Review
In 1993, Kaune W. discussed (based on published literature) problems
related to the assessment of human exposure to power-frequency magnetic

and electric fields. (Kaune W., 1993).
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The National Institute of Environmental Health Sciences (NIEHS) provided
a working group report on the assessment of possible adverse effects from
exposure to ELF magnetic fields. Overall, the group reported that ELF
magnetic fields are possibly carcinogenic depending on cases of childhood
and chronic lymphocytic leukemias. (NIEHS, 1998).

Clinard et al compared between both indoor and outdoor residential magnetic
field levels in France. By this work, it was found that only 5% of the
dwellings experienced indoor magnetic field levels above 0.120 uT (Clinard
et al, 1999).

Intensities of ELF electric and magnetic fields were measured by Havas M.
within the 60 Ontario communities. Average magnetic field for the 60
communities was 0.58 uT. In contrast, average electric field was 3.2 V/m.
Generally, communities with larger populations experienced higher
magnetic flux densities. (Havas M., 2002).

Eskelinen T. and others tested the validity of short-term measurements (20
minutes) in characterizing residential ELF magnetic fields, showing a
considerable importance of this approach in giving temporal variations of
magnetic field levels. (Eskelinen T. et al, 2003).

Maslanyj and Allen in 2004 investigated sources of residential magnetic field
exposures in United Kingdom Childhood Cancer Study (UKCCS).In the
homes with exposures greater than or equal to 0.2 uT, it was found that the
amount of exposure apparently depends on the type of house and proximity

to high voltage power lines. (Maslanji and Allen, 2004).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Havas%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12449337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eskelinen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12973365
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eskelinen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12973365
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Paniagua JM. And his group explored ELF magnetic fields in the streets of
urban environments in Spain. 30% of streets spot measurements exceeded
the level 0.2uT, which is, typically, linked to the risk of adverse health
effects. (Paniagua JM. et al, 2004).
Moriyama K., and Yoshitomi K studied the link between residential
exposure to ELF magnetic fields and type of house electrical wiring.
Measurements took place at 696 points in a room of an apartment building
in Japan. The maximum field recorded (1.8uT) was detected at ground level
(Moriyama K., and Yoshitomi K, 2005).
In 2005, a pilot study was carried out by the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA) regarding the 50 Hz magnetic
fields in Melbourne residential area. As a result of this work, 12% of the
residences experienced levels greater than 0.4 uT. (Karipidis K. and Martin
L., 2005).
Safigianni and Kostopoulou measured electric and magnetic fields in an
indoor power substation using a three dimensional isotropic prop (EFA-3
analyzer). The maximum magnetic field that was recorded in one of the
rooms was 582.2 uT while all measured electric fields were far below the
ICNIRP’s limits. (Safigianni and Kostopoulou, 2006).
Later in 2007, a study by Paniagua JM and others on exposure to ELF
magnetic fields in the city of Caceres,-Spain showed that detected fields were
7.3% of the ICNIRP limits, additionally, maximum field intensities were

found in old neighborhoods. (Paniagua JM. Et al, 2007).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Paniagua%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=14696054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paniagua%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=14696054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moriyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15768426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshitomi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15768426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moriyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15768426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshitomi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15768426
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paniagua%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17165048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paniagua%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17165048
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Techniques for evaluating and measuring ELF EMF from HV transmission
lines and substations were briefly discussed in a study done by Szuba M.
(Szuba M., 2007).
Straume A. and others measured the outdoor variations of ELF magnetic flux
densities during two different seasons of the year: summer and winter, in a
public environment in Norway. Recorded densities exceeded the value 0.4
UT in 34% of the streets during snowy winter, decreasing to 29% and 4%
during cold and summer days respectively. (Straume A. et al, 2008).
Joseph W. et al investigated general public exposure to ELF EMF from
different distribution substations. Measured magnetic field intensities ranged
from 0.025 to 47.39 uT while the electric field intensities were within the
range 0.1 to 536 V/m. The minimum distances from the distribution
substations was also determined based on the recorded exposure values.
(Joseph W. et al, 2008).
llonen K. and others studied the exposure to ELF magnetic fields in indoor
power substations. Field intensities were measured inside apartments of
thirty different buildings in Finnish cities. Results based on their work
apparently showed higher exposure to ELF fields in apartments above the
transformer than others in the first and upper floors. About 97% of
apartments directly above the indoor transformer experienced exposure of
0.2uT or higher. (llonen K. et al, 2008).
Helhel and Ozen assessed the occupational exposure to magnetic fields in

HV substations in Antalya city. As a result of their research, operators were


https://www.ncbi.nlm.nih.gov/pubmed/?term=Straume%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17786926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Straume%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17786926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18091152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ilonen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18044741
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ilonen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18044741
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.
exposed to magnetic fields greater than 0.3 uT for 8 working hours per day.
(Helhel and Ozen, 2008).

Occupational exposure to ELF EMF during various work jobs at 110 KV
substations in Finland was investigated by Korpinen and P&&kkonen.
Working from a service platform had the maximum measured electric field
(16.6 KV/m) which is above the ICNIRP limits of occupational exposure (10
KV/m). On contrary, the magnetic field did not surpass this limit at any work
task. (Korpinen H. and Paakkonen J., 2010).

A study by R66sli M. and his group was carried out in 39 different
apartments in Switzerland. Arithmetic mean of magnetic field was 0.59 uT
in 8 apartments that were either directly above the transformer or next to it
(touching walls). (R66sli M., et al, 2011).

A study carried out by Schiiz J. on the chronic exposure to ELF magnetic
fields (> 0.4uT) and the risk of childhood cancers (as childhood leukemia
and childhood brain tumor). The study based on pooled analyses and
epidemiological evidence, updated the classification of ELF magnetic fields
as possible carcinogens to humans into still valid. (Schiz J., 2011).

Fard S. and others propped the variations of magnetic fields in various indoor
HV substations in Tehran. Maximum recorded magnetic field in one of the
rooms was 0.59uT while the minimum was 0.2 pT. Nevertheless, none of
the field intensities exceeded the American Conference of Governmental
Industrial Hygienists (ACGIH) reference levels of exposure. (Fard S., et al,

2011).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Helhel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17959609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17959609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17959609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17959609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17959609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korpinen%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=20077529
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A4%C3%A4kk%C3%B6nen%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=20077529
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A4%C3%A4kk%C3%B6nen%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=20077529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korpinen%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=20077529
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A4%C3%A4kk%C3%B6nen%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=20077529
https://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%B6%C3%B6sli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21684576
https://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%B6%C3%B6sli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21684576
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Later in 2012, Yitzhak M. investigated 50-Hz magnetic field levels in
buildings with indoor transformers, confirming the previous results of
different researches that showed higher average magnetic field in apartments
right above the transformer room. (Yitzhak M. et al, 2012).
The relation between residential exposures to ELF magnetic fields in Europe
and childhood leukemia was studied in 2013 by Grellier et al. Between 50
and 60 of leukemia cases were estimated to be due to ELF magnetic fields
annual exposures, which corresponds to 1.5%- 2% of the total annual
leukemia cases in the European Union countries (Grellier et al,2013).
In 2014 Calvente et al characterized indoor ELF magnetic fields in the
INMA-Granada cohort, in which 300 boys from 123 different families were
subject to long term exposure measurements carried inside bedrooms and
living rooms. The arithmetic mean value (£ standard deviation) of magnetic
fields was found to be 162.30 + 91.16 nT which is below the reference level
recommended by the ICNIRP. (Calvente et al, 2014)
Rachedi B. et al studied, numerically (using comsol multiphysics software)
the variations of electric and magnetic fields in vicinity to 220 kilovolts (KV)
transmission lines. Numerical analysis of their work showed fields
intensities below the safety limits set by the ICNIRP. (Rachedi B. et al,
2014).
The impact of electromagnetic fields originated from HV power lines located
in a populated area in Algeria was investigated in a work done by Tourab

and Babouri in the year 2015. The intensity of fields was measured to attain


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yitzhak%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=21632584
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yitzhak%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=21632584
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the model of the personal exposure, yielding results well below the ICNIRP
guidelines. (Tourab and Babouri, 2015).
Recently, in 2015, Nikolopoulos and others probed electromagnetic field
levels from ELF and RF sources in certain indoor locations in Greece.
Measured power-frequency electric and magnetic fields (ELF) were found,
considerably, higher in residences near HV power lines than others.

(Nikolopoulos D. et al, 2015).

1.3 Objectives of the Study.

This study aims to assess the public exposure to extremely low frequency

magnetic and electric fields in Ramallah city-Palestine, where assessment is

based on the following procedures:

1. Measure the ELF electric and magnetic field intensities in the urban
environment of Ramallah city. Outdoor measurements are carried out
under HV power lines, HV transformers, and their distributors.

2. Measure the ELF electric and magnetic field intensities in some semi-
randomly selected residences in the city. Indoor measurements are
performed inside the residences living rooms or bedrooms.

3. Compare between variations of field’s intensities from different sources.
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Chapter Two

Theoretical Background

2.1 Origin of Extremely low frequency fields.

In the electromagnetic spectrum, the radiation is clearly categorized into two
main groups: ionizing and non-ionizing. lonizing radiation is found at the
high frequency end of the spectrum, as gamma rays and Xx-rays, the
associated energy (E=hv)of such rays is sufficiently enough to ionize atoms
and damage tissues. On contrast, non-ionizing radiations including
ultraviolet, visible, infrared, radio waves, and extremely low frequency
fields, are found at the low frequency end of the spectrum. (Manickavasagan

A. et al, 2014; E. Schmid et al, 2007).

Visible Light
700nm 600nm 500nm 400nm

Radio waves Microwaves Infrared Ultraviolet X-rays Gamma

<—LONGER WAVELENGTH (meters) SHORTER—>

I 1 I I 1 I I I I I I I I I I I
102 1* 1 10 10% 10° 10°% 10° 10 107 10° 10° 10 10 1072 10

Fig (2. 1): Electromagnetic spectrum (source: Google digital images).

The frequency band (3-3000) Hz at the lower frequency limit of
electromagnetic spectrum, is commonly known as extremely low frequency
(ELF). In electric power, where time-varying electric currents oscillate at
50/60 Hz, alternating electric and magnetic fields (ELF fields) are produced

in two different manners. Unlike the true electromagnetic radiation, as RF
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radiation, for example, ELF fields are not tightly coupled. However, the
radiation becomes dominant if the distances were large compared to the
wavelength (i.e. high frequency). In the case of power frequency (50 Hz),
the associated wavelength (A = speed of light/frequency) is very long, about
6000 Km. Consequently, radiation is negligible in the case of ELF fields.
(WHO, 2007; SCENIHR, 2009).

2.1.1 Extremely low frequency electric fields.
ELF electric fields, expressed in volts per meter, are originated from the
presence of unbalanced electric charges. The force (F)* exerted by an
electric field (E) on a positive electric charge (q) is given by:
F =qE (2.1)

Regardless of the amount of current, the strength of electric fields depends
on the potential difference (voltage) between charge-carrying objects.
Electric flux density or displacement field is related to electric field by:

D = ¢E (2.2)
Where ¢,the material permittivity in Farads per meter (F/m), and D
expressed in Coulomb per square meters (C/m?) is the displacement vector
that characterizes the interaction between electric fields and charges within
a dielectric medium. (NIEHS, 1998).

*Vectors are expressed in bold letters.

2.1.2 Extremely low frequency magnetic fields.
ELF magnetic fields arise from the movement of electric charges (i.e.

currents), on contrary to electric fields, magnetic fields depend on the
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amount of current regardless of the voltage. The force exerted by a magnetic
field (B) on a moving charge (q) is given by:

F=qVxB (2.3)
Where V is the velocity of a moving charge, and F is the magnetic force.
The two descriptions of magnetic fields: magnetic flux density (B) and
magnetic field strength (H) are related through the equation:

B=uH (2.4)
Where u is the magnetic permeability in Henrys per meter (H/m), H is the
magnetic field strength in Amperes per meter (A/m), and B is the magnetic
flux density in Webers per square meter or in Tesla (T). In case of biological
tissues, u = o =12.57 x 10"7H/m (permeability of free space).
Accordingly, in exposure protection, only one of the two fields’ descriptions

is needed. (NIEHS, 1998; IARC, 2002).

2.2 Sources of Extremely low frequency fields.

Wherever electricity flows, alternating ELF fields are generated from the
flow of time-varying currents. In public exposure, overhead power lines,
including HV power lines, transformers, and their distributors are major
sources of ELF fields. The strength of magnetic fields underneath power
lines can reach 20uT, while electric field can be several kilo-volts per meter.
Electrical appliances inside homes and any other facility functions with
electric power produces ELF fields, as well. (NRL, 2008; ARPANSA, 2015;
WHO, 2007).
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2.2.1 Transmission lines.
The lines where electricity is carried from power plants over very long
distances into other substations. They are usually located between cities (in
non-public areas). Typical voltage of transmission lines is higher than 115

KV. (J. Molburg et al., 2007).

2.2.2 High voltage transformers

Transformers are devices used in power system to change the voltage of
electricity. Over very long distances where high voltage is required to
minimize the energy loss within wires of transmission lines, stepping up
transformers are used. On contrast, in urban and rural areas, stepping down

transformers are used to attain the demanded low-voltage electricity.

Fig (2. 2): A transformer in the environment of Ramallah. (Source: Author, 2016).

However, physics of this interesting equipment is based upon Faraday’s low
of electromagnetism, where two separate coils (with different number of
turns) wrapped around an iron core, are the main parts of a transformer. A
time-alternating electric current with certain voltage, passing through the

primary coil produces an alternating magnetic flux, as well. This flux in turns
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will be guided by the core into the secondary coil resulting in an induced
current with different voltage.

V1 = _Nl% and V2 - _Nz% (28)

These relations reduces into:
i _ M
h o N, (2.9)
Where ¢,,V; ,and N; are the flux , voltage, and number of turns of the
primary coil, while ¢,,V,,and N, are the flux , voltage, and number of turns

of the secondary. (Jerrold T. et al, 2002; Graham D. et al, 1996).

2.2.3 High voltage power lines.

Power lines are cables carrying electrical power supported by pylons or
poles, they are also the connection between transmission lines and
distributors. (Nicholas J. G., 2010). The typical voltage of power lines (and
transformers) in the urban city of Ramallah is 33/11 KV. They are located in

different areas in our environment, including rural and urban sides.

e

Fig (2. 3): A power line in the environment of Ramallah (source: Author, 2016).
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2.2.4 Distributors.
Distribution lines are the last part of power-supply system. They carry low-
voltage electricity from stepping down transformers into consumers (houses,
companies, etc.). Usual voltage of these distributors is 0.23/0.4 KV. (S.
Sivanagaraj et al, 2009).

2.2.5 Household appliances.

ELF fields are produced around electrical equipment in homes. These fields,
as stated earlier, are generated from the flow of electric currents. The strength
of ELF fields from household appliances varies depending on the sort of
appliance, its brand, and its consumption to electric power. However, devices
with motors, usually generate higher fields. Strength of ELF fields decrease
more rapidly in case of a point source (appliances) than a line source (power

lines). (WHO, 2007; Kaune W. T., 1993)

Table (2. 1): Typical magnetic field values from some domestic
appliances (at normal user distance).

Source B-field range of measurement (uT)
Television (TV) 0.02-0.2
Refrigerator 0.2-05
Microwave oven 0.77 -18.8
Toaster 0.2-1.0
hair dryer 1.0-7.0

Source: ARPANSA, 2015.

2.3 Coupling between human body and extremely low frequency fields.
At extremely low frequencies, the associated photon energy is quite small,
for the power frequency 50 Hz, the energy (E = hv) is negligible if

compared to that required to damage the weakest chemical bonds. Thus, ELF
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fields, which are classified as non-ionizing radiation, cannot damage the
human cellular function, nor can they raise body temperature. Generally,
Exposure to ELF fields results in formation of induced electric fields and

current densities. (NIEHS, 1998).

2.3.1 Coupling to extremely low frequency electric fields.

ELF electric fields at relatively high densities, can cause adverse health
effects: nerve and muscle stimulation, damage in cell membrane, or even
burn injuries. However, effects as these require very high external electric
fields (in order of several 100 V/m) that in turns, induce internal electric
fields within an exposed human body.

The relation between both fields’ intensities (internal and external) and the
electrical properties of biological tissues is covered by the equation:

E
Zext _ 9 (2.5)

Eint —weo
Where o is the conductivity of tissue (see table 2.1), w is the angular
frequency (2rf), and & is the permittivity of vacuum 8.84 x 10~ 12F /m.
(NIEHS, 1998).
As the relation implies, a human body that is exposed to typical external
electric fields at power frequency (50 Hz), will perturb this field into an
extremely small (10> — 108less) induced electric fields inside the body.

(IARC, 2002).
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Table (2. 2): Conductivity of some biological tissues based on power-

frequency fields.

Tissue Conductivity (S/m)
Eye Sclera 0.5
Blood 0.7
Fat 0.02
Heart 0.5
Skin 0.04

Source: (WHO, 2002).

2.3.2 Coupling to extremely low frequency magnetic fields.
The mechanism, in which ELF magnetic fields interact with the human body,
is relatively different. The magnetic permeability (u)of living tissues is the
same as that in vacuum, thus, magnetic fields inside and outside the body are
nearly the same. According to Faraday’s law of induction, magnetic fields
induce electric fields within the body:

$E.dl = [[2 - ds (2.6)
Where the integral ¢ E.dl represents the electric field integrated over a
closed loop, and [ ‘Z—f - ds indicates the time rate of change of magnetic flux
density. Considering the human body as a long cylinder of radius r, equation
2.6 reduces into:

E =nfrB (2.7)
Where f is the frequency, B is the magnetic field strength, and E is the
induced electric field. In comparison, these induced fields are much greater
than those electrically induced. Nevertheless, they are much smaller than the

induced fields required for nerve stimulation. (WHO, 2007; NIEHS, 1998).
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2.4 International Guidelines.
The exposure to time-varying (50Hz) electric and magnetic fields cannot be
categorized into high or even low level unless we had some reference
standards to compare with. Accordingly, the ICNIRP established guidelines
for limiting the public exposure to ELF EMF. (See table 1.1).

Table (2. 3): Reference levels for time-varying EMF. (ICNIRP, 1998).

Frequency range | E-field (V/m)_ | B-field (uT)
1-8Hz 10,000 4 x 10*/f?

8 —25Hz 10,000 5000/f
0.025-0.8 KHz | 250/f* 5/f

* f is the frequency as indicated in the frequency range.

As the table shows, 100 puT was recommended as a reference level for
exposure to power-frequency magnetic fields, and 5000 V/m for electric
field exposures. Higher exposure restrictions were considered in general
public exposures than the case of occupational ones (500uT and
10,000V/m), which is, clearly, attributed to the differences in type of
exposed individuals and their awareness for EMF exposures. These stated
limits were based on short-term instant health effects such as nerves and
muscles stimulation and increasing in tissue temperature during exposure to
EMF.

Later, the adverse effects (as childhood leukemia) of long-term exposures to
ELF magnetic fields were restricted to the interval 0.3-0.4uT or above.

(ICNIRP, 1998; WHO, 2002).
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Chapter Three

Methodology

3.1 Study area.

Ramallah, where the study measurements were carried, is a Palestinian city
in the center of the west bank to the north of Jerusalem and 64 Km from the
Mediterranean Sea, with an average elevation of 880 m above sea level.
Currently, more than 40,000 inhabitants live in Ramallah city. (Wikipedia;

Ramallah Municipality).
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Fig (3. 1): A map of Palestine showing the city of Ramallah in the west bank (left), and
a magnified map of the study area showing locations of the 40 power lines (right). Source:
Google maps

The study was mainly focused on two distinct surveys: indoor and outdoor.

For outdoor measurements, a group of 40 randomly selected power lines in
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different areas inside the city Ramallah were under investigations of ELF
EMF levels. The 40 power lines were fairly distributed in the city
environmental locations: Al-Ersal, Al-Balo’, Al-Masayef, Al-Tirah,
Bitonia, Sateh-Marhaba, Al-Birah, Al-Masyoun, Ein-Menjed, and Ein-
Mesbah.

Table (3. 1): Power lines examined during outdoor survey.

Power line Category Coordinates™ of power line
P1 HV power line E g’é%ggg:
p2 Distributor E gézgggggj
P3 HV transformer E g’éggggf:
P4 HV transformer E 3?51%5325;
P5 HV transformer E 2513(:)[;%:
P6 HV transformer E ??5119393%:
pP7 HV transformer E 2513(:)[%3:
P8 HV power line E g’ég&ggg:
P9 HV transformer E 5’51%392321:

P10 HV transformer E %293327;:
P11 HV transformer E g’éggggg
P12 HV transformer E g’ézggjgg:
P13 HV power line E g’éggggg:
P14 HV transformer E g’éfgggg:
P15 HV power line E g’éfgggg:
P16 HV transformer E g’éfgggg:
P17 HV power line EI g’éfgg%?:
P18 HV transformer E g’éfgg;g:
P19 HV power line EI g’éfggfé:
P20 HV transformer N 31.89562°
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E 35.19056°
P21 HV power line E 5’51?83?72::
P22 Distributor. E géggggg:
P23 HV transformer E g’éggggg:
P24 HV power line E 351?983 221:
P25 HV transformer N 31.88508°

E 35.19903°
P26 HV power line E g’éggs}gg:
P27 Distributor. E ??51291234%11:
P28 HV transformer E %3122%:
P29 HV power line E 5’51312333:
P30 HV power line E 3?51%885(;)3%:
P31 HV transformer E 5’51%98?3:
P32 Distributor. E 3?51293273;;':
P33 Distributor E g’égfggf:
P34 HV transformer E 3?512833523‘,‘:
P35 HV Power line. E‘ g’égffgf:
P36 HV power line Ej g’égg\%g:
P37 Distributor E g’éggggg:
P38 HV transformer E g’égg?ggl:
P39 Distributor E géggg?g:
P40 Distributor E g’égggg i:

* A GPS devise (hp iPAQ) was used to record the coordinates of power lines.

For the indoor measurements, a group of 32 semi-randomly selected homes
were chosen in the study. These homes were also distributed fairly among
different locations inside the city-Ramallah. The majority of residences were

apartments within buildings, while the rest were detached homes. See table 3.2
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Table (3. 2): Residences examined during indoor survey.

Residence Residence category Room category*
R1 Apartment Living room
R2 Apartment Living room
R3 Apartment Living room
R4 Apartment Living room
R5 Apartment Living room
R6 Apartment Living room
R7 Detached Living room
R8 Apartment Living room
R9 Apartment Bedroom

R10 Apartment Bedroom
R11 Apartment Bedroom
R12 Apartment Bedroom
R13 Apartment Living room
R14 Apartment Living room
R15 Detached Living room
R16 Detached Living room
R17 Detached Living room
R18 Detached Living room
R19 Detached Bedroom
R20 Apartment Bedroom
R21 Apartment Living room
R22 Apartment Bedroom
R23 Apartment Bedroom
R24 Apartment Bedroom
R25 Apartment Living room
R26 Apartment Living room
R27 Apartment Living/Bedroom
R28 Apartment Bedroom
R29 Apartment Living room
R30 Apartment Bedroom
R31 Apartment Bedroom
R32 Apartment Living room

*The room where the measurement was carried out.
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Table (3. 3): Power conditions at time of measurements.

Resi Near overhead | Indoor power Operating Location of
esidence . ) i
power lines substation appliances* measurement

Light pulps

R1 No No TV Middle of the room
Refrigerator

R2 No No .II‘_'\ght pulps Middle of the room
Light pulps

R3 No No TV Middle of the room
Phone charger

R4 No No .II‘_'\Q/]ht pulps Middle of the room
Light pulps :

R5 No No TV (CRT) Middle of the room
Light pulps
TV :

R6 No No . . Middle of the room
Air conditioner
(AC)
TV :

R7 No No . Middle of the room
Light pulps

R8 No No T.V Middle of the room
Light pulps

R9 No No 'I&Ight pulps Middle of the room
Light pulps

R10 No No TV Middle of the room
AC
Light pulps .

R11 No No Electric heater Where the kid sleep
Light pulps
Electric heater .

R12 No No (0.4 m) By the bed side
TV

R13 No No _II‘_'\ght pulps Middle of the room
Light pulps

R14 NO No Laptop charger | Middle of the room
(0.5m)

R15 No No Light pulp Middle of the room
Light pulp .

R16 NO No AC (0.5 m) By the sofa side

R17 Yes (25 m) No .II‘_'\ght pulps Middle of the room

R18 Yes (20 m) No Light pulp Middle of the room

R19 No No Light pulp Middle of the room

R20 No No Light pulp By the bed side
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Light pulps
R21 No No TV Middle of the room
Phone charger
Light pulp
R22 No No AC cable (0.3 Where the kid sleep
m)
. Where the kid sleep
Light pulp
R23 No No AC
Light
R24 No No AC By the bed side
Phone charger y
(0.3m)
Yes Light pulps :
R25 No (3 floors away) |TV Middle of the room
Light pulps
TV
R26 No Yes (1 floor Distribution Middle of the room
away) board
(1 m)
Light pulp
R27 No Yes (same floor) v . Middle of the room
Refrigerator
Phone charger
Yes Light pulps )
R28 No (2 floors away) |AC By the bed side
R29 No No T.V Middle of the room
Light pulp
R30 No No Light pulp By the bed side
Light pulp .
R31 Yes (7 m) No TV (CRT) By the bed side
Light pulps .
R32 No No TV (0.8 m) Middle of the room

*Distance was ignored for appliances more than 1 m away. (NRL, 2008)

3.2 Stages of the study.

Measurements were carried out during autumn of 2016 (September through
November). Several stages were implemented to fulfill the points of the
study:

e Contacting the Jerusalem District Electricity company (JDECO) and

meeting the specialist electric engineers to discuss features of power
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lines, their locations, and addresses of some indoor power substations
inside the city.

At outdoor power lines, locations were chosen randomly keeping in mind,
the fair distribution among the city’s different sides. Measurements were
taken directly underneath the line and at one meter above the ground
level. Variations of ELF fields were recorded over 6-minute period of
time for both electric and magnetic field separately.

At indoor residences, locations were chosen semi-randomly to maintain
the distribution and the some existence of homes with indoor power
substation (transformer). Measurements were also taken at one meter
above ground level inside the residences living rooms or bedrooms,
where a significant amount of time is usually spent. Spot measurements
were used in order to record ELF field levels over short-period of time (6
minutes). Attention was given to any electrical appliance in vicinity to the
measurement location. Furthermore, existence of any close electric
facility, as power lines or indoor substations was taken into consideration.
For indoor survey, the measurements were performed at two distinct
power uses, zero-power use and normal-power use. When zero-power
use, the switchboard was turned off in view to record the background of
ELF fields from surroundings or internal wirings. On the contrary, when
normal-power use, most of the household appliances were turned on (just
as normal day conditions), and measurements of ELF fields took place

over short-time as stated earlier. For both of these power conditions,
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measurements of ELF fields were applied under the same point within the
room.
e ELF fields from certain appliances were measured inside few residences
to assign the fraction of exposure to ELF fields coming from frequent

appliances inside homes.

3.3 Study instrumentations.

Field measurements were performed with the spectran analyzer NF-5035.
This devise measures fields of the frequency range 1Hz — 30 MHz, with
accuracy of 3%. Typical ranges of electric and magnetic fields that can be
measured by the spectran at power frequency are 0.1 V/m — 5KV/mand 0.1
nT — 20 mT respectively. Comprising a three dimensional antenna for

magnetic field measurements is one important feature of this spectran.

Fig (3. 2): Spectran analyzer NF-5035 (Aaronia, 2013).

A laser distance meter (HILTI) with accuracy of 1 mm, was used to maintain
the distance 1 m above ground level and other important distances as

displacement from operating appliances and electrical facilities.
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Fig (3. 3): HILTI laser meter PD 42. (HILTI, 2011)

3.4 Data analysis.

With Microsoft Excel, and Minitab 17 statistical software, the data
collected from different measurements carried both indoor and outdoor,
were programmed and tested to display some worthy features of ELF
fields:

e Variations of measured ELF fields over time (displayed on a line chart)

Arithmetic means and standard deviations of measured ELF fields.

e Ranges of measured ELF fields showing the minimum and maximum
points.

e Comparison of ELF fields measured in different residences.

e Comparison of different ELF background fields among the residences.

e Comparison of ELF fields from different household appliances.

e Probability density functions, geometric means, and geometric standard

deviations of overal fields.

In(x)—p)?
f() = =—exp(— o) (31)

202



28
Where f (x) is the probability density function (PDF), and x is the variable
that follows a log-normal distribution (magnetic or electric field).The
parameters u and o are the mean and standard deviation of In(x) values
respictively. (Millard and Mirchal, 2000).
e Correlation between ELF fields and distance from nearest operating

appliance.
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Chapter Four

Results

4.1 Results of outdoor measurements.

This section introduces outdoor results of ELF fields measured at power lines

locations. Ranges, means, standard deviations, and variations over time are

briefly described in the following sub-sections.

4.1.1 Ranges and arithmetic means of outdoor extremely low frequency

fields.

Table (4. 1): Ranges, arithmetic means, and standard deviations of ELF

fields measured at power lines.

E-field (V/m) B-field (uT)

Power line Range* AM SD Range AM SD
P1 577-45.1 2048 | 11.76 | 3.32-3.62 3.5 0.114
P2 1.47-2.9 2.62 | 0.743 2.5-2.96 2.76 | 0.158
P3 15.3-60.6 40.72 | 1155 | 174-3.14 2.54 | 0.468
P4 21.3-35.2 21.7 447 | 2.835-297 | 2.935 | 0.048
P5 26.7-43.5 39.26 | 4.56 2.3-3.43 2.75 | 0.382
P6 51.04 - 71.03 65 5.73 2.06 - 3.23 2.76 | 0.397
P7 20.9-27.1 25.07 | 1.855 | 2.95-2.72 2.86 | 0.076
P8 29.3-44.6 38.78 | 6.15 | 2.897-2.966 | 2.94 | 0.026
P9 32.8-47.1 3786 | 3.95 | 2.86-—2.966 2.93 0.03

P10 451 -8.63 6.58 1.27 | 2.181-2.943 | 2.66 | 0.233
P11 37 -56.7 45,58 | 5.28 1.84 -3.17 2.57 | 0.382
P12 61-110.8 75.33 | 16.88 | 2.62—2.966 2.86 | 0.114
P13 12.3-17.8 1496 | 1.64 | 0.791-0.938 | 0.894 | 0.058
P14 33.4-39 36.28 | 2.01 | 2.181-2.966 | 2.879 | 0.224
P15 1155-136.9 | 13045 | 6.20 | 1.655-2.984 | 2.83 | 0.375
P16 21.1-28.9 25.61 | 253 | 2.771-2966 | 2.877 | 0.072
P17 41.1-584 52.68 | 452 | 2.818-2984 | 291 | 0.054
P18 49.2 -579 52.68 | 2.27 | 2.756-2.984 | 2.869 | 0.09
P19 400 -873.3 | 769.4 | 140.54 | 2.867 —2.966 | 2.93 0.03
P20 21.2-259 23.35 | 1.71 | 2.733-2.966 2.9 0.064
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P21 17.6 -25.8 2052 | 2.28 | 2.756-2.984 | 2.89 | 0.089
P22 12.1-17.9 1491 | 180 | 2.771-2.984 | 2.898 | 0.06
P23 20.5-24.7 22.87 | 144 | 2564 -3.283 | 2.823 | 0.18
P24 85.3-110.7 | 104.1 | 6.88 | 2.719-2.984 | 2.882 | 0.097
P25 25-31.5 2772 | 194 | 2.792-2.984 | 2.855 | 0.063
P26 22-27.2 2439 | 1.67 2.78—-2.966 | 2.866 | 0.06
P27 7.6-10.9 9.37 1.19 2.26 — 2.966 2.68 | 0.237
P28 24.3-28.5 26.61 | 1.43 | 2.686—-2.951 | 2.811 | 0.095
P29 58.8 -65.4 61.7 207 | 2.766-3.001 | 2.906 | 0.084
P30 186.3 -222.1 | 202.76 | 9.90 | 2.413-2.966 | 2.794 | 0.148
P31 48.2 — 107 65.68 | 20.27 | 2.653-2.921 | 2.748 | 0.077
P32 21.1-23.7 2247 | 0.82 | 3.382-3.712 | 3.463 | 0.095
P33 3.6-54 4.4 0.54 3.356 -3.7 3.499 | 0.09
P34 18.7-24 20.73 | 1.72 | 2.679-2.966 | 2.853 | 0.101
P35 23.8-34.3 28.2 3.19 | 2.823-2.984 | 2.918 | 0.054
P36 51 -66.8 58.4 3.88 | 2.803-2.984 | 2.903 | 0.062
P37 59-122 9.4 2.02 | 2574-2.966 | 2.853 | 0.133
P38 37.9-54.6 46.38 | 5.92 | 1.749-2.413 | 2.211 | 0.205
P39 11.99-19.7 | 16.71 | 2.26 | 2.658—-2.946 | 2.824 | 0.104
P40 0.7-5.8 3.89 152 | 2.728-2.966 | 2.916 | 0.073

*The range shows the minimum and maximum recorded fields.

4.1.2 Variations of outdoor extremely low frequency fields over time.
This sub-section displays the fields’ variations of some selected power lines

of different categories.
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Fig (4. 1): Variations of ELF magnetic flux densities over 6-minute period, and one meter
above ground level under power line P8
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Fig (4. 2): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level under power line P8.
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Fig (4. 3): Variations of ELF magnetic flux densities over 6-minutes period, and one
meter above ground level under power line P33.
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Fig (4. 4): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level under power line P33.
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Fig (4. 5): Variations of ELF magnetic flux densities over 6-minutes period, and one
meter above ground level under power line P38.
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Fig (4. 6): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level under power line P38.

4.2 Results of indoor measurements.

This section introduces indoor results of ELF fields measured at the 32
residences in the city of Ramallah. Ranges, arithmetic means, standard
deviations, and variations of zero-power use (background) and normal-

power use over time are briefly described in the following sub-sections.
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4.2.1 Ranges and arithmetic means of indoor extremely low frequency

fields.

Table (4. 2): Ranges, arithmetic means, and standard deviations of
indoor ELF fields under normal-power uses.

E-field (V/m) B-field (uT)
Residence |Range AM |SD |[Range AM |SD
R1 2.08-8.1 4.08 |1.69 |0.032-0.053 (0.044 |0.009
R2 8.11-16.6 |13.06 [2.47 ]0.028 —0.042 |0.035 [0.004
R3 11.88-13.03 |12.49 |0.35 |0.111-0.127 |0.118 |0.004
R4 17.8-33.8 [27.62 |7.22 |0.049 —-0.087 [0.067 |0.014
R5 3.7-49 422 |0.31 |0.218-0.635 (0.386 |0.176
R6 18 — 30.45 25.34 |3.24 |0.026 —0.037 |0.031 |0.004
R7 8.24-9.1 8.79 ]0.284 |0.075-0.132 |0.094 |0.018
RS 2.1-2.72 2.57 ]0.16 |0.016 -0.04 |0.023 |0.006
R9 2.61-3.14 |2.83 |0.18 |0.002 —0.009 |0.006 [0.002
R10 253-2.85 |2.76 |0.104 |0.022—-0.047 |0.036 |0.007
R11 1.68-3.01 [2.35 |0.41 |0.016-0.022 |0.019 |0.002
R12 16.9-415 |31.3 |6.88 |0.314-0.588 |0.448 |0.09
R13 7.1-7.7 7.38 ]0.18 |0.005-0.016 |0.012 |0.003
R14 572-773 |64.1 |(7.33 |0.076—0.105 |0.084 |0.009
R15 0.516 - 0.719 |0.617 |0.06 |0.009 —0.016 |0.012 [0.002
R16 56 — 76.5 63.75 |4.99 |0.018 —0.042 |0.036 |0.008
R17 3.7-5.7 4.33 |0.49 |0.009 -0.014 (0.012 |0.002
R18 89-17.8 11.88 [2.69 |0.015-0.022 |0.018 [0.003
R19 422-574 495 ]0.57 |0.005-0.015|0.01 |0.003
R20 1.57-21 1.79 ]0.16 |0.006 —0.062 |0.018 [0.015
R21 7.33-8.26 |7.87 |0.27 ]0.026 —0.039 |0.031 |0.004
R22 31.3-38.7 |36.7 [2.08 |0.165-0.425|0.306 (0.087
R23 6.19-756 [6.83 |0.54 ]0.025-0.031|0.028 [0.002
R24 30.05-39.84 [35.37 [2.68 |0.024 —0.04 [0.032 [0.005
R25 3.4-4.42 3.73 ]0.28 |0.011-0.021 |0.015 |0.003
R26 2.32-3.19 |3.03 |0.24 ]0.432-0.5550.489 (0.039
R27 57.9-78.7 |66.9 |(7.18 |0.177-0.21 |0.196 |0.012
R28 5998-6.4 |6.14 |0.11 |0.076—0.091 |0.082 [0.004
R29 2.33-3.89 [3.05 |0.45 |0.003-0.01 |0.007 [0.003
R30 0.986-1.21 [1.13 |0.06 |0.001-0.007 |0.004 [0.002
R31 27.09 —38.05 [32.24 [3.27 ]0.067 —0.092 [0.078 [0.006
R32 18.66 —22.91 |21.07 |1.08 [0.014 —0.029 |0.022 |0.006
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Table (4. 3): Arithmetic means of indoor ELF fields under zero-power

uses (background fields).

Residence AM of E-field (VV/m) AM of B-field (uT)
R1 0.139 0.019
R2 0.259 0.011
R3 0.392 0.068
R4 9.33 0.031
R5 1.24 0.427
R6 9.83 0.018
R7 3.58 0.08
R8 0.191 0

R9 0.174 0
R10 0.173 0
R11 0.123 0.006
R12 0.123 0.0055
R13 0.354 0
R14 0.176 0
R15 0.144 0.004
R16 0.144 0.004
R17 0.156 0.006
R18 0.194 0.018
R19 0.166 0.008
R20 0.338 0.002
R21 0.183 0.004
R22 0.201 0
R23 0.217 0
R24 0.595 0.005
R25 Not identified* Not identified
R26 Not identified Not identified
R27 7.96 0.148
R28 0.295 0.029
R29 0.178 0
R30 0.175 0
R31 30.78 0.006
R32 0.286 0

* At residences R25 and R26, the zero-power fields were not identified for technical

reasons.
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4.2.2 Variations of indoor extremely low frequency fields over time.
This sub-section introduces the fields’ variations of some selected indoor

measurements under normal-power uses.
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Fig (4. 7): Variations of ELF magnetic flux densities over 6-minutes period, and one
meter above ground level at residence R3.
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Fig (4. 8): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level at residence R3.
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Fig (4. 9): Variations of ELF magnetic flux densities over 6-minutes period, and one
meter above ground level at residence R9.
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Fig (4. 10): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level at residence R9.
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Fig (4. 11): Variations of ELF magnetic flux densities over 6-minutes period, and one
meter above ground level at residence R12.
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Fig (4. 12): Variations of ELF electric fields over 6-minutes period, and one meter above
ground level at residence R12.

The next two figures display variations of ELF electric and magnetic fields
over two and half hours at night time in the bedroom of residence R10. Fields
strength were recorded at 1 meter above ground level by the bedside with

TV and AC operating.
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Fig (4. 13): Variations of ELF electric fields over 2.5 hours period, and one meter above
ground level at residence R10.
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Fig (4. 14): Variations of ELF magnetic flux densities over 2.5 hours period, and one
meter above ground level at residence R10.
As the figure shows, the peak experienced around 11:30 PM might be due

to operating electrical sources from neighboring apartments, or other

unknown sources.
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4.2.3 Variations of indoor background extremely low frequency fields
over time.
Residences experienced different background field levels (under zero-power
uses). This sub-section displays the variations of some background fields that

were relatively, higher than other residences.
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Fig (4. 15): Variations of background ELF magnetic flux densities over 6-minutes period,
and one meter above ground level at residence R5.
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Fig (4. 16): Variations of background ELF electric fields over 6-minutes period, and one
meter above ground level at residence R4.



41
0.165

o
=
)]

0.155

0.15

0.145
0.14

Magnetic flux density (UT)

o
© b
W
w *

Q Q N N v 7V %ol Q ™ Q e} Q
R R IR AT S AR IR R N G M.
2 2 >

Time (PM)

Fig (4. 17): Variations of background ELF magnetic flux densities over 6-minutes period,
and one meter above ground level at residence R27.
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Fig (4. 18): Variations of background ELF electric fields over 6-minutes period, and one

meter above ground level at residence R31.

4.3 Comparison between zero and normal-power fields.
This section introduces the variations between ELF field’s intensities under

zero and normal-power uses.
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Fig (4. 19): Comparison of average ELF electric fields under zero and normal-power
uses.
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Fig (4. 20): Comparison of average ELF magnetic flux densities under zero and normal-
power uses.
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4.4 Extremely low frequency fields from certain appliances.

During the study, a number of commonly used household appliances was

under investigations of field’s intensities. See table 4.4.

Table (4. 4): Average ELF electric and magnetic fields from certain

appliances.

E-field (V/m) B-field (uT)
Appliance* Range Average Range Average
Food processor 56 —73 64.17 3.17-5.46 3.66
Laptop charger 59.1 - 73.7 65.46 76-8.4 7.86
TV (LCD) 53.3-71.9 60.78 0.058 — 0.066 | 0.062
Microwave oven | 52 —76 65.3 9.9-151 13.67
Electric heater 43 -48.3 45.93 5.6 -9.85 7.63
AC 49.2 — 68 53.9 0.129-0.866 | 0.441
Phone charger 48.8 —71.7 62.83 0.027 —0.037 | 0.032
Hair dryer 57717 67.35 0.812-1.99 1.32
Vacuum cleaner | 57.2-74.5 66.28 4.8 — 8.06 6.48
Meter board 62.2 — 67.2 64 4.84-5.6 5.16
Refrigerator 2.19-3.8 2.88 0.196 - 0.246 | 0.228
Toaster 59 — 78.25 66.77 1.725-3.414 | 2.82

field intensities recorded over 6-minutes.

* For the appliances, toaster, hair dryer, vacuum cleaner,

food processor,
refrigerator, and microwave oven the measurements were carried at normal
distance of use. For the TV, chargers, AC, electric heater, and meter board the

measurements were carried at their front surfaces. The average represents different
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Fig (4. 21): Minimum, maximum, and average ELF electric fields from certain
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Fig (4. 22): Minimum, maximum, and average ELF magnetic flux densities from certain
appliances.
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4.5 Data analysis.
The analysis of data showed a log-normal distribution for both indoor ELF
electric and magnetic fields. On the other hand, only outdoor ELF electric
fields were log-normally distributed.

4.5.1 Distribution of outdoor extremely low frequency fields.
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Fig (4. 23): A histogram of ELF electric fields (left) and In of ELF electric fields (right)
based on maximum recorded intensities at the 40 power lines.



46
Table (4. 5): Probability density functions of maximum ELF electric

fields recorded at the 40 power lines.

Electric field (V/m) PDF*

45.1 0.0083437

2.9 0.0069188
60.6 0.0055969
35.2 0.010953
435 0.0087124
71.03 0.0043661
27.1 0.0137151
44.6 0.0084569
471 0.0079088
8.63 0.0173064
56.7 0.0061672
110.8 0.0019217
17.8 0.0172202

39 0.0098554
136.9 0.0012189
28.9 0.0130544
58.4 0.0059101
57.9 0.0059843
873.3 0.0000038
25.9 0.0141676
25.8 0.0142057
17.9 0.0171867
24.7 0.0146274
110.7 0.0019252
315 0.012145
27.2 0.0136778
10.9 0.0182281
285 0.0131991
65.4 0.0049826
222.1 0.0003676
107 0.0020633
23.7 0.0150144

5.4 0.0133707

24 0.0148981
34.3 0.0112316
66.8 0.0048195
12.2 0.0183528
54.6 0.0065042
19.7 0.0165483

5.8 0.0140927

*Based on the values of parameters u = 3.58 V/mand o = 1.03 V/m.
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Fig (4. 24): The log-normal distribution of maximum recorded ELF electric fields from
the 40 power lines.

4.5.2 Distribution of indoor extremely low frequency fields.
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Fig (4. 25): A histogram of ELF electric fields based on maximum recorded intensities at
the 32 residences.
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Table (4. 6): Probability density functions of maximum ELF electric

fields recorded at the 32 residences.

Electric field (V/m) PDF*
8.1 0.039028
16.6 0.017466

13.03 0.02377
33.8 0.005689
4.9 0.056336
30.45 0.006845
9.1 0.035031
2.72 0.07051
3.14 0.068132
2.85 0.069829
3.01 0.068918
41.5 0.003876
7.7 0.040796
77.3 0.001027
0.719 0.051745
76.5 0.001052
5.7 0.051311
17.8 0.015871
5.74 0.051071
2.1 0.07255
8.26 0.038349
38.7 0.00443
7.56 0.04144
39.84 0.004192
4.42 0.059541
3.19 0.06782
78.7 0.000985
6.4 0.047296
3.89 0.063166
1.21 0.066835
38.05 0.004574
22.91 0.010937

*Based on the values of parameters u = 2.26 V/mand o = 1.25V/m.
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Fig (4. 26): The log-normal distribution of maximum ELF electric fields from the 32
residences.
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Fig (4. 27): A histogram of ELF magnetic flux densities based on maximum recorded
fields at the 32 residences.
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Table (4. 7): Probability density functions of maximum ELF magnetic

flux densities recorded at the 32 residences.

B-Field (uT) PDF*
0.053 6.4325
0.042 8.2088
0.127 1.7922
0.087 3.3427
0.0635 5.1755
0.037 9.2169
0.132 1.6717

0.04 8.5953
0.009 14.8497
0.047 7.3328
0.022 13.0698
0.588 0.048
0.016 14.6487
0.0105 15.1595
0.016 14.6487
0.042 8.2088
0.014 15.0232
0.022 13.0698
0.015 14.8532
0.062 5.334
0.039 8.7968
0.425 0.1196
0.031 10.6186
0.04 8.5953
0.021 13.3524
0.555 0.0567
0.21 0.663
0.091 3.1215
0.01 15.0898
0.007 13.8211
0.092 3.0693
0.029 11.1327

* Based on the values of parameters p = —3.12 yTand 6 = 1.16 uT
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Fig (4. 28): The log-normal distribution of maximum ELF magnetic flux densities from
the 32 residences.

4.5.3 Correlation between indoor fields and distance from appliances.

The correlation between ELF fields (as dependent variables) and distance
from closest operating appliance (as independent variables) was investigated
showing a strong negative correlation between mean electric field and
distance with coefficient of correlation — 0.8 and p-value 0.000 . On the other
hand, a moderate negative correlation was found between mean magnetic
fields and distnce with coefficient of correlation — 0.41 and p-value 0.020

(see the next two figures).
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Fig (4. 29): A scatter plot showing the strong negative correlation between mean electric
fields measured among the 32 residences and distance from nearest operating appliance.
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Fig (4. 30): A scatter plot showing the moderate negative correlation between mean
magnetic fields measured among the 32 residences and distance from nearest operating
appliance.

However, these correlations between indoor ELF fields and distance from
operating appliances, make a very good sense with the physical facts that

state diminishing of ELF fields with increasing distances from point sources

(Kaune W. T., 1993).
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Chapter Five

Discussion and Conclusions
The strength of ELF fields amongst the different targets of the study, varied
in a reasonable manner. This chapter introduces a discussion for obtained

field’s intensities and factors might had affected them.
5.1 Outdoor extremely low frequency fields.

5.1.1 Outdoor extremely low frequency magnetic fields.

No significant divergence was noticed in the ELF magnetic field intensities
measured at power lines. The highest and lowest means (3.5 uT and 0.894
uT) were found at power lines P1 and P13 respectively. Electric current and
electricity load at the instance of measurement might be two possible
justifications for the gap between these two readings. However, the rest of
power lines experienced approaching means of magnetic fields within the

range (2.211 — 3.463) uT.

5.1.2 Outdoor extremely low frequency electric fields.

For ELF electric fields, on contrast, an obvious variation of field’s intensities
was noticed amongst different power lines. The lowest means (3.89, 4.4,
9.37,9.4,14.91, 16.71, and 22.47) VV/m belonging to power lines P40, P33,
P27, P37, P22, P39, and P32 respectively. However, these low fields make a
good sense with the fact of lines category as distributors, where low-voltage

electricity is carried.
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The highest means (769.4, 202.76, 130.45, and104.1) V/m were found at
power lines P19, P30, P15, and P24 respectively. Likewise, these high fields

are compatible with the lines category as HV power lines.

5.2 Indoor extremely low frequency fields.
The variations of ELF fields among residences of the study is attributed to
different reasons:

e Proximity to working appliances.

e Proximity to outdoor power lines.

e EXxistence of indoor power-substation (HV transformer).

e Type and location of house (flat, detached, or in a camp).

5.2.1 Indoor extremely low frequency magnetic fields.

The highest (> 0.1uT) ELF magnetic fields under normal-power use were
found at the residences R26, R12, R5, R22, R27, and R3. With average field
intensities 0.489, 0.448, 0.389, 0.306, 0.196, and 0.118 UT respectively.
Back to the characteristics of residences, there is a fair explanation for the
high fields; R26 was one floor away from an indoor substation, furthermore,
the distribution board was 1 m away from location of measurement. At R12,
the measurement was carried in close vicinity (0.4 m) to working electric
heater. R5 was an apartment at Qadourah camp, which is known as a highly
populated area with houses very close to each other. At R22, the
measurement was performed in proximity to working AC (0.3 m). R27 was
at the same floor level of an indoor power substation. The high field at R3

might be attributed to some wire faults within the home. However, the
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highest two measured (not averaged) magnetic fields were 0.635 and 0.555
UT at R5 and R26 respectively. In accordance, the average background fields
within these residences were relatively high. Speaking of background
magnetic fields, about 33% and 7% of residences experienced average
magnetic fields at zero-power conditions of O uT and > 0.1 uT respectively.

Table (5. 1): Indoor residential exposure to ELF magnetic fields based

on average values.

Exposure to B-field (uT) | Estimated Percent of residences experienced
the field.
<0.1 81 %
>0.1 19 %
0.3-04 13 %

5.2.2 Indoor extremely low frequency electric fields.

In accordance with the low-voltage electricity for domestic uses, the majority
of ELF electric fields under normal-power conditions were in order of few
volts per meter. The highest means of electric fields (66.9, 64.1, 63.75, 36.7,
35.37, 32.24, and 31.3 VV/m) were found at R27, R14, R16, R22, R24, R31,
and R12 respectively. Proximity to working electrical appliances was the
main reason for most of these elevated fields; at R14, R16, R22, R24, and
R12 the measurements were in close vicinity (< 1m) to laptop charger, AC
cable, AC cable, phone charger, and electric heater respectively. R27, as
stated earlier was in a building with indoor power substation. R31 was in
close vicinity to a power line.

The highest two measured (not averaged) electric fields were 78.7 and 77.3

V/m at R27 and R14. However, the means of background electric fields were
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relatively very low (< 1V/m in 80 % of residences) except at R31 with

average background of 30.78 V/m.

Table (5. 2): Indoor residential exposure to ELF electric fields based on
average values.

Estimated Percent of residences

Exposure to E-field (V/m) experienced the field

<10 59 %
10-30 19 %
> 30 22 %

For fields from appliances, the highest average electric field was from hair
dryer (67.35 VV/m). On contrast, the highest average magnetic field was from

microwave oven (13.67 uT).

5.3 Public exposure to extremely low frequency fields in Ramallah city

(assessment findings).

Numerous previous studies were focused on the effect of ELF fields, and
mainly magnetic fields, on health and whether they were possible human
carcinogenic. For this exact reason, international guidelines for exposure to
ELF fields have been established. Thus, it is worth mentioning by the end of
study to give an approximate assessment for public exposure to ELF fields
in Ramallah city.

During the study, no single result surpassed the ICNIRP limits (100uT and
5000V/m for general public exposures to ELF fields). All the measured fields
were well below these guidelines. Anyway, if non-thermal effects were
considered, the assessment would be different and so would be the risks;

since some residences (about 13 %) experienced fields in the rage 0.3 - 0.4
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UT, which is an interval stated by IARC for long-term exposures that might
be linked to non-thermal possible health impacts as childhood leukemia.

Exposure assessment is more complicated than we think; residents do not
spend all their time within bedrooms or living rooms. An average person is
exposed to ELF fields from the environment too. Passing underneath power
lines, or even, by the sides of near-street distributors would definitely add a
fraction to our exposure. Furthermore, as a part of our day life, we spend not
less than an hour (on average) in very close vicinity to operating appliances
which, per contra, contributes in a big portion of the exposure. The next two

figures give an overview of exposures based on average fields.
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Fig (5. 1): Comparison of minimum and maximum exposures to ELF electric fields based
on different sources.
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Chapter six

Recommendations

As an outcome of the study, it is worthy to give recommendations regarding

the public exposure to ELF fields in Ramallah city:

Avoid plugging electrical appliances when they are not in use, since the
E-fields are generated when they are just plugged in.
Avoid charging mobile phones and laptops when in use, these chargers
are usually, provided with internal transformers that produce relatively
high fields.
Keep a safe distance (>1 m) from working microwave ovens, food
processors, and toasters (NRL, 2008).
When applying electrical distributions within a house, keep the meter
board away from locations where people usually spend a significant
amount of time.
Keep wall electric sockets away from the bed sides.
Before buying a house, check the internal electrical wirings to avoid any
faults.
When constructing overhead power lines, keep a safe distance from
buildings.
Use underground power lines provided with appropriate magnetic
shielding materials on a broad range, for their lesser generated fields
(Riadh W.Y., 2002).
Keep HV transformers away from populated areas and avoid locating

indoor power substations inside residential buildings.
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Plant trees in vicinity to overhead power lines, since E-fields are easily
shielded by them.
Give attention to the brand of appliances, because sometimes, one brand

of an appliance generates higher fields than another.
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