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ABSTRACT

A field survey was conducted to measure the level of Radio Frequency (RF) radiation emitted
from the mobile phone’s base stations to which the public may be exposed in Kingdom of
Bahrain. The measured RF radiation levels were compared with the limits set by the
International Commission of Non-lonizing Radiation Protection (ICNIRP), and also with the
national limits proposed by the Pollution Control Section of the Public Commission for the

Protection of Marine Resources, Environment and Wildlife (PCPMREW) in Bahrain.

The sampling size was about 25% of exiting RF mobile phone’s base stations (total of 300).
The results show that RF radiation from the mobile phone’s base stations are several orders of
magnitude below both the limits of ICNIRP and PCPMREW. The highest recorded RF
radiation level was in Sanabis town (3400 pW/m?®), in the GSM900 band. This value
represents only 0.074% of the ICNIRP limit and represents only 3.4% of the PCPMREW
limit. The average power density for all base station under survey was 577.6 uW/m?, which is
0.013% of the ICNIRP limit (7964 times less) and 0.58% of the PCPMREW limit (173 times
less). Among the five Governorates in Bahrain, the measured RF radiation had the highest
average in the Capital (884 pW/m?) and the lowest was in the Central Governorate (384
uW/md).

Furthermore, the measured magnetic field strength (H), in A/m, and the electric field strength
(E), in V/m, from the mobile phone’s base stations were compared with the limits set by
ICNIRP and were found to be much lower and may be considered as safe. The highest H and
E field value were recorded in Sanabis town, having magnitudes 3 mA/m and 1.133 V/m,

respectively.

The Long-term RF radiation measurements (24 hour durations) showed some variations in RF
radiation levels over this duration. In Addition, street mapping of the power density indicates

that this radiation was shielded by urban structures and dissipated.
In conclusion, the measured RF radiation levels from the mobile phone base stations in the
Kingdom of Bahrain are much lower than the limits set by ICNIRP and PCPMREW and not

expected to cause health hazards, according to the current knowledge.
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CHAPTER 1

1. Introduction

1.1 Problem of the Thesis:

People are exposed to many sources of radiofrequency radiation. One of them is from the
mobile phones and their base stations. Mobile phone is one of the fastest growing
technologies worldwide. The use of mobile phones has increased considerably in recent years
and has come to be seen as an essential means of communication in commerce and society. In
the Kingdom of Bahrain, the number of total cellular mobile telephone subscribers increased
from nearly 650 thousands on 31 December 2004 to nearly 899 thousands on 30 November
2006 (TRA, 2007). This means there is an increment of nearly 249 thousands (almost quarter
of the total number of subscribers (899 thousands)) mobile phone users during one year and
11 months. The two mobile phone network operators in Bahrain will continue to install more

and more base stations to meet the increasing demand of this service.

There have been concerns expressed about potential health risk associated with exposure to
radiofrequency (RF) radiation from mobile phones and their base stations. Due to the growing
body of evidence of possible biological and health hazards (raised by the media) of RF

radiation from mobile phone’s base stations many authorities set an exposure limits.

Unfortunately, there is no thorough study conducted in Bahrain to measure the levels of
exposure of RF radiation from mobile phone’s base stations in Bahrain with large number of
sampling and cover the two operators, Batelco and MTC-Vodafone, for the three bands of
mobile phone network GSM900, GSM1800 and the third Generation mobile-phone services
(3G).



1.2 Objectives and Significance:

The main objective of this thesis is to conduct a survey for the RF radiation emitted by the
mobile phone’s base stations in the Kingdom of Bahrain. The survey will cover the base
stations operated by the two mobile phone network operator in Bahrain and it will include the
two bands of Global System for Mobile Phone ,GSM900 & GSM1800 (frequency bands 900
and 1800 MHz), and the third Generation mobile-phone services, 3G (frequency 2110 to 2170
MHz) which is based on the Universal Mobile Telephone System (UMTS).

The other subsidiary objectives of the thesis include the following:

e Analysing the data collected from the survey to know and specify the maximum,
minimum and average for a group of base stations under survey in each governorate.

e Doing long-term (24 hours) measurements of the power density for selected base
stations to understand how RF radiation varies during the day and also to specify the
maximum, minimum and average for these base stations.

e Making comparisons with the limit for general public exposure specified in the
relevant national and international standards.

e Mapping the level of RF radiation through streets and roads around selected base

station.

The significant of the thesis arises from the fact that the RF radiation from mobile phone’s
base stations and their effects on environment is relatively a new issue compared to other

environmental issues.

In response to growing public concern over possible biological and health effects from RF
radiation of mobile phones and their base stations, it is important to conduct more researches
and studies about RF radiation levels in our country. This study is independent and is the first
non-governmental to survey the RF radiation levels in the vicinity of the mobile phone’s base

stations in the Kingdom of Bahrain.

This survey will be a comprehensive to include the three bands of mobile phone base stations
(GSM900, GSM1800 and UMTS). It will give conception and description about the levels of
RF radiation nearby base stations throughout the Kingdom of Bahrain. This will help the



community to become more aware and more understanding on the radiation exposure to RF

from base stations.

Moreover, the results of this survey will indicate whether RF radiation from mobile phone’s
base stations exceeds the exposure limits set by our county or by other international

authorities.

Our study could be a starting step towards future researches in this field in our country. We
hope that our research will contribute in enhancing the national and international work on RF

exposure limits and effects.

1.3 Previous Studies on Measurement of RF Radiation:

Many reports discussed the definition and characteristics of radiofrequency (RF) radiation and
the units of measurements. These include NRPB (2003), Cleveland and Ulcek (1999), Means
and Chan (2001), NRPB (2004), [EGMP (2000) and others.

Other studies reviewed the definition, types, structure of the base stations and the properties
of their radiation (Mann et al., 2000; Health Council of the Netherlands, 2000 and NRPB
2004).

A number of different national and international organizations have published guidelines for
the protection of people from exposure to electromagnetic fields and radiation. For example,
the International Commission on Non-Ionizing Radiation Protection (ICNIRP) had developed
international guidelines on limits of exposure to non-ionising radiation. The most recent
guidelines on the limiting exposure to electromagnetic fields were published in April 1998 by
ICNIRP (ICNIRP, 1998). In UK, the national guidelines on exposure to RF radiation were
drawn up by National Radiological Protection Board NRPB (NRPB, 1993). The Institute of
Electrical and Electronics Engineers (IEEE's) recommendations on radiofrequencies were
published in 1992 (IEEE, 1992). In 1996, the Federal Communications Commission (FCC)
adopted updated guidelines for evaluating human exposure to RF fields from fixed
transmitting antennas such as those used for cellular and mobile phones base stations.

(Cleveland et al., 1997).



There are many reviews on the potential health risks and biological effects of RF radiation
made by many organizations such as ICNIRP (ICNIRP, 1998), NRPB 2004, Independent
Expert Group on Mobile Phones (IEGMP, 2000), Health Council of the Netherlands (2000),
Royal Society of Canada (1999) and United Nations Environment Programme/World Health
Organization/International Radiation Protection Association (UNEP/WHO/IRPA, 1993).

Many studies and reports on different subjects related to RF radiation can be found in the web
sites of the national and international organizations and commission such as The World
Health Organization (WHO), The International Commission on Non-lonizing Radiation
Protection (ICNIRP), The National Institute of Environmental Health Sciences (NIEHS),
Occupational Safety and Health Administration (USA), Health Protection Agency (UK) and

The European Commission.

In the forthcoming sections we will summarize the previous surveys and studies conducted in

different countries to measure the RF radiation levels.

In Bahrain, only three surveys and studies of non-ionising radiation have been carried out by
the Pollution Control Section, Public Commission for the Protection of Marine Resources,
Environment and Wildlife along with the international and national experts in the years 1995,

1999 and 2001(not published).

The first study was carried out during the period from 17 to 28 November 1995. The study
investigated the significant sources of RF and EMF including telecommunication stations,
electricity main stations, air traffic control facilities and broadcasting facilities. The survey
results showed that only in the diathermy physiotherapy unit in Salmaniya Medical Complex
(Operation on 27 MHz) the exposure to the electric field strengths was found to be more than
30 times the safety limits standards allowed by the American National Standards Institute and
Institute of Electrical and Electronics Engineers. The other recorded values were insignificant

and much lower than the international standards.

The second study was carried during the period from 4 to 28 December 1999. The RF and
EMF sources investigated were: Telecommunications [Earth Station (Bu-Jarjorr Station), Al-

Hamala Telecommunication Station - GSM Station - Radio and TV Stations - Air Port



Transmitting and Receiving Stations (Air to ground communication High Frequency (HF) -
Very High Frequency (VHF) - Radar frequencies - Navigational Aids — Metrology - Weather
Radar]. With respect to the GSM base stations, the study investigated the GSM900 band
(945.200 MHz to 959.800 MHz). The results showed that the power densities in Salmaniya,
Sanad and Jabal Al-Dakhan base stations vary from 2 to 4000 uw/mz. This range does not
exceed the ICNIRP limit (4.5 W/m?), for the studied frequency.

The third study was carried out by a German Company (Rohde & Schwarz Cologne) in co-
operation with the Public Commission for the Protection of Marine Resources, Environment
and Wildlife and Batelco. It was conducted during the period from 22 to 31 July 2001. The
Following RF and EMF sources were assessed and analysed:

o Electricity substations (32 units ) and overhead power lines (6 units )

o Air traffic control and navigational aid facilities (13 units)

¢ Broadcasting and T.V stations (9 units)

o Telecommunication stations (40 GSM base stations).

Out of the 40 evaluated above locations, the highest level recorded was at Bukawara site in
East Riffa. The limit specified by ICNIRP is at least 550 times greater than this level. The
study also showed that mobile phone base stations and broadcasting towers produce weak RF
and EMF radiation. The results clearly demonstrate that the RF and EMF values from GSM
base stations, airport facilities and broadcast radio and television transmitters in Bahrain were

at least several orders of magnitude below the limits set by ICNIRP.

In Kuwait, a survey on the radio frequency electromagnetic environment was carried out by
Al-Otaibi and others (Al-Otaibi e al., 1998). Measurements were made at 26 mobile phone
base stations, chosen as a representative sample to include 14 school sites, 2 residential sites,
2 hospital sites, 3 ministerial building sites, 3 commercial sites and 1 typical stand-alone site.
On all the selected sites measurements were made with a spectrum analyser to determine the
emission level in the frequency bands used by the base station transmitters (frequency 917 to
960 MHz). The results indicated that total field strength, specifically due to the MTC base
stations, found in public access areas, varied generally between 0.05 V/m (6.63 ;LW/m2 ) and

1.13 V/m (3400 pW/m?).




Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) published a report
which presents field survey measurements data and provides information on the levels of RF
radiation to which members of the public may be exposed from these base stations
(ARPANSA, 2000). The measured RF electromagnetic energy (EME) levels are compared
with the maximum permitted limit for non-occupational exposure with respect to the
Radiocommunications (Electromagnetic Radiation Human Exposure) Standard 1999 which
specifies a maximum non-occupational exposure limit of 2 W/m? at relevant base station
frequencies. The focus of the survey was on measuring the RF EME emission levels from the
digital Global System for Mobile communication (GSM), but it involved investigating the
EME levels from other sources, including the analog Advance Mobile Phone Systems

(AMPS), VHF TV, UHF TV, AM radio, FM radio and Paging. The results clearly

demonstrate that the RF EME emissions from GSM base stations are several orders of
magnitude below the maximum permitted limit. The highest RF EME power flux density
prediction, based on our measurements from GSM base stations, is 1780 uW/m?® (at least
1,000 times less than the limit of 2 W/m®). However, the average RF exposure level from
GSM base stations is considerably less, 16 uW/m? (the 2 W/m? limit of power flux density is
at least 100,000 times this average value) (ARPANSA, 2000).

Measurements of the fixed site environmental RF EME power flux density levels indicate
that, relative to the maximum exposure limit permitted in the standard and after adjusting the
exposure limit with respect to the frequency of the signal, the highest environmental RF
exposure was FM radio (259 pW/m?) — with the 2 W/m? limit of power flux density at least
7,000 times this value (ARPANSA, 2000).

Mobile phone base stations safety assessments carried out by Malaysian Institute for Nuclear
Technology Research (MINT) in September 2003(Ali et al., 2003). The results indicate that
the radiation levels present on the ground, outside buildings around mobile phone’s base
stations, were very low and they varied according to location of the mobile phone’s base
stations site. The averaged radiation levels produced by the mobile phone’s base stations were
found to vary between 8x10° V/m (0.000017 pW/m?®) and 7.05x10% V/m (13.18 pW/m?),
which was 1.75x10™% and 0.15% of the most stringent (frequency 800MHz) exposure limit
recommended by Malaysian Communication and Multimedia Commission (MCMC) and

ICNIRP for members of the public. The total mobile signals present around the mobile phone



base stations were found to vary around 0.6 V/m (955 ;,LW/mz), ie., 1.3% of the limit for
public. The averaged total RF and microwave radiation (broadband) present around the
mobile phone’s base stations was obviously much higher and was found to vary between 0.8
V/m and 4.8 V/m (1700 uW/m2 to 61 mW/m? ), which was 1.8% to 10.5% of the exposure
limit recommended by MCMC and ICNIRP for members of the public. MINT’s past
experience indicates that these (broadband) radiation levels are comparable to the levels of the
radiation normally present in urban environment away from any mobile phone base stations,
which typically vary between 1 V/m to 4 V/m (2.7 mW/m? to 42 mW/m?). The highest
recorded radiation level was 5 V/m (66 mW/m®), which was 10.9% of the permissible

exposure limit for members of the public.

Another study in Malaysia was conducted on the measurement on radiation from mobile
phone base stations at eight locations in International Islamic University of Malaysia,
Gombak campus (Rafiqul Islam et al., 2006). The measured electric field intensities, power
densities and calculated specific absorption rate (SAR) values were compared with
International Commission on Non-Ionizing Radiation Protection (ICNIRP) recommendations
for safety guidelines. The results indicated that the microwave radiation for GSM900 and
GSM1800 systems were approximately 34% lower than the recommended values in the
campus. During measurement, it has been noticed that strong radiation was transmitting from
Wireless LAN at 2.4 GHz bands, which is approximately 62% of the limit. The study
recommended to investigate carefully the radiation from other sources before reaching to a

decision that the campus is safe for it’s population.

On the 8th and 9th of May 2002 representatives of the National Radiological Protection Board
(NRPB) performed a radiofrequency electromagnetic field survey in the Cook ridge area of
Leeds, England, in order to assess exposure to radio signals from transmitters mounted on a
water tower, a lattice tower and a radio station tower (Fuller et al., 2002). During this survey,
the total exposures due to all radio signals from 30 MHz to 18000 MHz (18 GHz) were
measured. This frequency range was chosen as it includes mobile phone’s base station
transmissions, which are at around 900 and 1800 MHz and super high frequency (SHF)
transmissions from most of the large microwave dish antennas mounted on the towers. In
addition, other major sources of radiofrequency electromagnetic fields in the environment

such as broadcast radio and television transmissions are included in this range. Measurements



of power density were made at eight locations in the vicinity of the transmitter sites.
Comparison of the measurements with the guidelines showed that the total exposure from
radio signals measured between 30 MHz and 18 GHz ranged from 0.26 millionths
(0.000026%) to 190 millionths (0.019%) of the NRPB investigation level and from 1.6
millionths (0.00016%) to 1400 millionths (0.14%) of the ICNIRP reference level for exposure
of the general public. All the measured exposures are therefore many times below guideline

levels and are not considered hazardous (Fuller et al., 2002).

1.4 Biological and Potential Health Effects of Radiofrequency Fields:

The extensive studies and reports on RF radiation and its potential biological and adverse
health effects has been reviewed by a number of authorities, including the Royal Society of
Canada (1999), the Swedish Radiation Protection Authority (2005), Independent Expert
Group on Mobile Phones (IEGMP, 2000), National Radiological Protection Board (NRPB,
2003 and 2004), Health Council of the Netherlands (2000) and United Nations Environment
Programme/World Health Organization/International Radiation Protection Association
(UNEP/WHO/IRPA, 1993). This section provides brief summary on some research results on
the biological and potential health risks of RF radiation. However, more details can be found

in previous organizations reports and other studies and reviews.

In analysing the available data, it is important to distinguish between biological effects and
health effects. Biological effects are measurable changes in biological systems that may or
may not be associated with adverse health effects. A biological effect is considered to be a
physiological effect that is induced by an external cause and that falls within the natural limits
between which processes and functions of a living organism can vary without this leading to
adverse health effects. A health effect is the negative consequence for the health of an
organism of the inability to sufficiently compensate physiological effects. If an effect has
been demonstrated in experimental research on an isolated biological system, for instance an
effect on cultured cells, this does not necessarily imply that there will be adverse effects for

the health of the organism as a whole.



1.4.1 Biological Effects:
Calcium efflux:

Considerable work has been done on the effects of RF fields on calcium efflux in brain tissue
and reviewed by UNEP/WHO/IRPA (1993), Royal Society of Canada (1999) and (JEGMP,
2000). UNEP/WHO/IRPA (1993) reviewed many studies about calcium efflux and many of
them reported increases in calcium efflux in isolated tissues (in vitro). For example Bawin
(UNEP/WHO/IRPA, 1993) reported that exposure to 147 MHz fields at intensities too low to
cause heating lead to an increase in the efflux of calcium from chick brain, but only if the
field was amplitude modulated at 16 Hz. The RF carrier frequency alone had no obvious
effect. This observation was confirmed by Blackman who used a number of different
frequencies of amplitude modulation (3—30 Hz) and found that the effect was maximal at 16

Hz (UNEP/WHO/IRPA, 1993).

A number of subsequent studies in other laboratories had failed to detect an increase in
calcium efflux from brain explants in vitro (UNEP/WHO/IRPA, 1993), but they generally

used different conditions of stimulation.

According to IEGMP (IEGMP, 2000), there have been only two attempts to determine if such
efflux of calcium occurs in vivo. The first was Adey who exposed cats to 16 Hz amplitude-
modulated 450 MHz fields (SAR of 0.29 W/kg) and reported changes in calcium ion-
exchange in the cerebral cortex. The second was Merritt who did not find such an effect in the

brain of anaesthetised rats (IEGMP, 2000).

Blood-brain Barrier:
The blood-brain barrier serves to protect the brain from potentially harmful compounds and

helps to regulate and control the fluid environment of the brain cells (NRPB, 2004).

Several studies have shown that exposure to RF radiation below the exposure limits in
CANADA does increase blood-brain permeability (Royal Society of Canada, 1999).
However, not all studies have demonstrated this effect. These inconsistencies may indicate
that effects at low-level RF exposure are not significant, or that the changes in permeability
may be related to the specific RF frequency or to the Extremely Low Frequency (ELF)
modulation of the RF carrier frequency (Royal Society of Canada, 1999).



The Independent Expert Group on Mobile Phones (IEGMP) stated that “The available
evidence for an effect of RF exposure on the blood—brain barrier is inconsistent and
contradictory. Recent, well-conducted studies have not reported any effects.” (IEGMP, 2000).
The Swedish Radiation Protection Authority concluded that “Most of the recent results of
studies aimed at replicating earlier positive work have been negative at low SAR levels”.
Further studies on the permeability of the blood-brain-barrier or on damaged (darkly-staining)
neurons are ongoing and should give more information on the issue. On balance, the evidence
that exposure to RF fields alters the blood-brain-barrier is weak.” (Swedish Radiation

Protection Authority, 2005).

Health Council of the Netherlands reported that a number of studies from the 1970s and
1980s seem to indicate that exposure to electromagnetic fields affects the permeability of the
blood-brain barrier. However, recent research has been unable to reproduce these effects. The
Electromagnetic Fields Committee of the Health Council of the Netherlands is of the opinion
that there are no scientific grounds to assume the existence of such effects (Health Council of

the Netherlands, 2002).

Ornithine Decarboxylase (ODC) Activity:

Ornithine Decarboxylase (ODC) is a key enzyme required for cells to grow and divide. Its
activation is related to cell proliferation and most tumour promoters increase the activity of
ODC. In this regard, ODC activity has been used in cells to test for tumour promoting agents
(NRPB, 2003). Increase in ODC activity have been observed in experiments using RF fields
in the frequency range of standard wireless telecommunications devices at exposure levels
below those recommended in Canada (Royal Society of Canada, 1999). This increased
activity occurs only when the amplitude of the radiofrequency field is modulated by ELF.
Pulsed digital telephone fields with a low frequency component also are capable of increasing
ODC activity. ODC activity has been shown to increase with increasing RF field strength.
The panel noted that while nearly all factors capable of causing cancer lead to elevated ODC
activity, not all stimuli capable of increasing ODC activity promote cancer (Royal Society of
Canada, 1999). IEGMP concluded that Pulse-modulated RF fields from mobile phones may
cause a slight increase in ODC levels and activity, at non-thermal levels. However, it is very

unlikely that these small changes could - on their own - have a tumor promoting effect. It is
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also unlikely that such effects act synergistically with other environmental hazards and

contribute to tumor promotion (IEGMP, 2000).

Zmirou (Zmirou, 2001) reported that the activity of the intracellular enzyme ODC was
increased in several experiments with amplitude-modulated fields, but not in the case of
frequency modulation or no modulation at all. In view of the possible role of ODC in the
promotion or progression of cancer, this could point to the possibility of some epigenetic

mechanism of carcinogenesis but this work needs to be replicated.

Melatonin:

Melatonin is a hormone secreted by the pineal gland, which controls our diurnal rhythm (day—
night cycle) (IEGMP, 2000). Although few studies have been conducted, they do not suggest
that exposure to RF fields affects pineal function or melatonin production. Relevance to the
use of mobile phones could, in any case, be assessed only through laboratory studies of
people because of species differences in the pattern of circadian rhythms. It must also be
emphasized that the hypothalamus and pineal gland are much further from the surface of the
head in people than in animals. Therefore, even if there was an effect on melatonin production
in animals resulting from a direct interaction of fields within the brain, it would be much less

likely to occur in people (IEGMP, 2000).

According to Royal Society of Canada, the effect of extremely low frequency electric and
magnetic fields on melatonin has been widely studied in animals and humans. It has been
hypothesized that ELF fields could alter human disease processes through changes in
melatonin. Because melatonin levels are strongly affected by exposure to light, and may be
affected by exposure to ELF fields, it is reasonable to consider whether melatonin might be
affected by exposure to RF fields. However, there has been very little research on the effects
of RF on melatonin, and the few existing studies do not provide clear information about such

effects (Royal Society of Canada, 1999).

Cell proliferation:
According to the Royal Society of Canada (1999), various findings have been reported on the
effects of RF on cell proliferation. There is evidence that cell proliferation (specifically LN71
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glioma cells) may be increased through exposure to high intensity RF fields under rigid
thermal control conditions. Alterations in cellcycle kinetics under similar exposure conditions
have been observed using Chinese hamster ovary cells. However, other studies have not
demonstrated increased cell growth. A decrease in cell growth was seen only after 30 minutes
cell exposure or less. At low intensity non-thermal levels RF fields do not appear to alter
cellular proliferation rates. On the other hand, after reviewed several studies about cell
proliferation, IEGMP concluded that they do not demonstrate convincing, consistent changes
in cell proliferation under conditions that mimic emissions from mobile phones or base

stations (IEGMP, 2000).

1.4.2. Health Effects:

Cognitive functions/neurophysiology:
Several studies and reports were done about RF exposure and cognitive functions. Recent

results have not clarified the picture. Swedish radiation protection authority reported that
changes in cognitive functions have been reported but the results are inconsistent and no
single clear effect on cognitive function can be identified (Swedish radiation protection

authority, 2004).

Preece (Preece, 1999) concluded that “there was evidence of an increase in responsiveness,
strongly in the analogue and less in the digital simulation, in choice reaction time. This could
be associated with an effect on the angular gyrus that acts as an interface between the visual
and speech centres and which lies directly under and on the same side as the antenna. Such an
effect could be consistent with mild localized heating, or possibly a non-thermal response,

which is nevertheless power-dependent.”

A cross-sectional study was conducted on (85) inhabitants living nearby the first mobile
phone’s station antenna in Menoufiya governorate, Egypt- 37 are living in a building under
the station antenna while 48 opposite the station- (Abdel-Rassoul ef al., 2006). A control
group (80) participants were matched with the exposed for age, sex, occupation and
educational level. All participants completed a structured questionnaire containing: personal,
educational and medical histories; general and neurological examinations; neurobehavioral
test battery (NBTB) [involving tests for visuomotor speed, problem solving, attention and

memory]; in addition to Eysenck personality questionnaire (EPQ). The researchers concluded
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that inhabitants living nearby mobile phone’s base stations are at risk for developing
neuropsychiatric problems and some changes in the performance of neurobehavioral

functions either by facilitation or inhibition.

Keetley and others (Keetley et al., 2006).compared the performance of 120 volunteers on 8
neuropsychological tests during real or sham exposure to digital mobile phones (DMP) set to
maximum permissible radiofrequency power output. The results provided statistical evidence
of a cognitive difference in performance between the real and sham field DMP exposure
conditions. The negative effects of DMP exposure on Reaction Time (RT) performance
indicate that the more basic functions were adversely affected by exposure. In contrast, the
improved RT for the Trail Making Task (TMT) working memory task suggests that DMP
exposure has a positive effect on tasks requiring higher level cortical functioning, such as
working memory. The implications of this study can only be directed towards the effects of
short-term exposure of DMP RF radiation on cognition. Further longitudinal research is
required to determine the effects that long-term use of DMPs (years) may have on health and

cognition.

Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE, 2001) reported
that relevance of experimental studies to man is uncertain because of interspecies differences
in the perception of intense pulsed RF fields. Studies on the acute effects of mobile phones on
human volunteers have shown some neurobehavioral changes (such so-called
neurobehavioral effects are mostly reporting of subjective malaise), the mechanism of which

might include a localised heating effect.

The Royal Society of Canada study (Royal Society of Canada, 1999) concluded that some
studies suggest that some aspects of cognitive functions and measures of brain physiology
may be affected while others do not. These include changes in memory tasks, response
patterns, normal sleeping Electroencephalogram (EEG) patterns, and other brain functional
changes although a few studies have demonstrated improved cognitive functions in volunteers
exposed to RF radiation in the frequency range of mobile phones. Subjective symptoms such
as dizziness, disorientation, nausea, headache, and other unpleasant feelings might be a direct
result of RF fields although such symptoms are very general and may have many other

causes.
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EEG and sleep:

Literature on the effects of RF and EMFs on sleep was reviewed by many researchers and
organizations. Mann and Roschke (Mann and Roschke, 2004), reported that the
epidemiological studies provide no evidence that sleep disturbances are a relevant complaint
under exposure to high-frequency EMF. They stated that “Recent sleep laboratory studies
have revealed a number of slight effects. Despite their heterogeneity, there seems to be some
consistency regarding a slight sleep-promoting effect and an increase of the alpha power of
the sleep EEG induced by high-frequency EMFs. However, for both the epidemiological and

sleep laboratory studies, the database concerning sleep is up to now very limited”.

According to Swedish Radiation Protection Authority, an Australian group in 2005 has
reported minor effects on REM sleep (dream phase) following exposure of volunteers to
mobile phone signals at moderate level for 30 min. (Swedish Radiation Protection Authority,
2005). It had reported that recent investigations on humans and animals have not added clear
evidence of alteration of EEG or sleep and the relevance of minor alterations on EEG and
sleep on health is not significant. It concluded that there may be alterations of sleep caused by
exposure, but the data are still inconsistent. Moreover, there is no known effect on health
attributable to these low-amplitude alterations of sleep (Swedish Radiation Protection

Authority, 2005).

[EGMP concluded that most of the work on neurotransmitter systems has used high power
densities and has probably revealed thermoregulatory or other responses to temperature
change. However, in view of the essential role of neurotransmitters in brain function and the
involvement of specific transmitter systems in the regulation of emotion, memory, sleep, etc,
this area deserves further investigation, including the assessment of these functions in human
subjects (IEGMP, 2000). Also IEGMP reported that studies of the EEG in animals have
generally not employed conditions that are directly relevant to mobile phone technology, and
the results have been mixed. However, some experiments have produced evidence of non-
thermal effects from RF fields on brain activity. Experiments on human volunteers, with
exposure conditions similar to those experienced in using a mobile phone, have been more

informative (IEGMP, 2000).
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The Health Council of the Netherlands concluded that the data relating to effects on the brain
during sleep are ambiguous. Although effects on the EEG pattern have been observed, this
was during the non-REM phases in the case of the studies conducted in Mainz, while the
effects in the studies in Ziirich conversely occurred during the REM phases. No correlation
with increasing field strength was found. The time-lag effect found in the study by Huber
(Health Council of the Netherlands, 2002) is striking. This should be investigated further. The
Health Council of the Netherlands also concludes that on the basis of these findings, there is
no reason to suppose that the effects lead to health problems. It points out that similar effects
have also been found as a result of caffeine consumption and natural hormonal fluctuations.
However, all the studies have been conducted with young healthy volunteers. It should be
determined whether people with existing sleep-related or other disorders might be more

sensitive (Health Council of the Netherlands, 2002).

Genotoxicity:

Possible genotoxic effects of RF radiation have been of considerable interest because of their
potential importance for cancer risk assessment. According to Scientific Committee on
Toxicity, Ecotoxicity and the Environment (CSTEE), an overview of in vitro genotoxicity
data, subjected to a weight-of-evidence evaluation concluded that there are no strong
indications that electromagnetic fields between 30 MHz and 300 GHz cause DNA damage.
Where effects were found, they were attributable to hyperthermia. Despite minor
inconsistencies in the literature, it is concluded that, in vivo and in vitro experiments on the
induction of micronuclei, SCE or chromosomal aberrations did not detect any effect. Cell
transformation assays of radiofrequency field exposure are difficult to interpret because of
technical difficulties. There have been reports of DNA fragmentation and on effects on
nucleic acid synthesis, which could be relevant to malignancy, but these have not been
confirmed independently and are subject to much controversy. The possible interaction
between electromagnetic fields and physical or chemical mutagenic or carcinogenic agents
represents an interesting hypothesis, which has not been yet sufficiently investigated (CSTEE,

2001).
Swedish Radiation Protection Authority concluded that it is generally accepted that RF

radiation lacks sufficient energy to damage DNA directly, but experimental studies are useful

in investigating the possibility of increased DNA damage by indirect mechanisms. The effects
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of RF fields on many different genotoxicity endpoints have been evaluated both in vitro and
in vivo, and most of the studies have reported no effects (Swedish Radiation Protection
Authority, 2005). On balance, the recent studies reviewed do not provide sufficient evidence

to conclude that RF fields are genotoxic (Swedish Radiation Protection Authority, 2005).

IEGMP concluded that several different assays of genotoxicity have failed to produce clear
evidence that RF radiation is genotoxic at non-thermal levels. The most consistent results
come from observations of micronucleus formation, but these are not simple to interpret and

have uncertain implications for health (IEGMP, 2000).

Experimental carcinogenesis:

The possible carcinogenicity of RF radiation has been investigated in a number of
experimental systems. According to CSTEE the Experimental carcinogenesis results have
been essentially negative and the Original observations of a possible promoting effect on
mammary carcinogenesis in mice were not confirmed in subsequent studies. An interesting
observation is that of Repacholi (Repacholi, 1997) who induced a two-fold increase in
lymphoma incidence in a strain of lymphoma-prone transgenic mice (E mu-Pim1) following
exposure (1 hour daily for up to 18 months) to plane-wave fields of 900 MHz with a pulse
repetition frequency of 217 Hz and a pulse width of 0.6 ms. 4s yet, the open literature has not
reported any replication of this finding. It is therefore concluded that it provides inadequate

evidence of experimental carcinogenicity (CSTEE, 2001).

Reviewers evaluating possible links between RF exposure and excess risk of cancer have
concluded that there is no clear evidence for such a link. According to Repacholi (Repacholi,
1997) the United Kingdom NRPB Advisory Group on Non-ionising Radiation concluded that
there is no firm quantitative evidence of a carcinogenic hazard from electromagnetic field
exposures for the general public and workers in the electrical, electronics, and
telecommunications industries. Studies published since this review was completed have not
shed any further light on the possibility that RF exposure poses a carcinogenic risk. After a
detailed review of the scientific literature, the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) concluded that "there is no substantive evidence that adverse

health effects, including cancer, can occur in people exposed to levels at or below the limits
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on whole body average SAR recommended by INIRC or, at or below the ICNIRP limits for
localised SAR...." Few studies have been conducted that specifically address the issue of
cancer and RF exposure (Repacholi, 1997). More multidisciplinary focused studies are needed

to address this (Repacholi, 1997).

Dasenbrock (Dasenbrock, 2005).concluded that the animal cancer studies reviewed and
published until now did not show a significant tumour-promoting or co-carcinogenic effect
due to mobile phone-relevant RF radiation. The only exception was Repacholi’s study of
1997. Most of these studies, however, lack on several of the following points: (a) one
exposure level (‘‘dose’”) only, (b) no justification for the selected RF dose(s), (¢) inaccurate
dosimetry, e.g., for growing animals, (d) no justification for the group size chosen and
missing power analysis, (¢) missing data on microbiological/ parasitological animal health,
(f) no standardized tumour nomenclature and/or no peer review or PWG on histopathological
diagnoses and (g) the 7,12-dimethylbenz[a]anthracene (DMBA) mammary tumour model did

not give reproducible tumour responses.
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CHAPTER 2

2. Theory

In the following, the theoretical frame work of the radiofrequency radiation and mobile phone

base stations will be explained and discussed.

2.1 Radiofrequency Radiation, Definition and Characteristics:

Radiofrequency (RF) radiation is a part of electromagnetic spectrum and can be defined as
"Electromagnetic radiation used for telecommunications and found in the electromagnetic

spectrum at longer wavelengths than infrared radiation." (IEGMP, 2000).

Electromagnetic radiation can best be described as waves of electric (E) and magnetic (B)
energy moving perpendicular together (i.e., radiating) through space, as illustrated in Figure
2.1. These waves are generated by the movement of electrical charges such as in a conductive
metal object or antenna. For example, the alternating movement of charge (i.e., the "current")
in an antenna used by a radio or television broadcast station or in a mobile phone base station
antenna generates electromagnetic waves that radiate away from the "transmit" antenna and

are then intercepted by a "receive" antenna such as a rooftop TV antenna, car radio antenna or

an antenna integrated into a hand-held device such as a mobile phone.

}7

Copynght © Agdison Wesley Longman, Inc

Figure 2 .1: Electromagnetic wave.
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The electromagnetic waves, and therefore RF radiation, travel through space at speed of light
(c = 3x10® m/s) and characterized by its wavelength () and frequency (f). The wavelength (L)
is defined as "the distance covered by one complete wave cycle" where as the frequency (f) is

"the number of waves passing a given point in one second."

The wavelength (1) and the frequency (f) of an electromagnetic wave are inversely related by

the following equation:

c=Axf (1)

Where X\ is a distance and so its units are cm, m or km. On the other hand fis measured in

units of Hertz (Hz), kHz (=1000 Hz), MHz (=10° Hz) or GHz (=10°Hz).

The frequency range of RF radiation is between 3 kHz and 300 GHz (Cleveland and Ulcek,
1999; NRPB, 2003). This range includes a variety of RF sources in addition to those used for

telecommunications. These are shown in Figure 2.2.
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Figure 2.2: Radiofrequency Radiation Spectrum and sources (NRPB, 2004).
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2.2 Units of Measuring Radiofrequency Radiation:

An RF electromagnetic wave or RF "field" has both an electric and a magnetic component
(electric field and magnetic field), and it is often convenient to express the intensity of the RF
radiation at a given location in terms of units specific for each component. The unit "Volts per
meter" (V/m) is used to measure the strength of the electric (E) field (electric "field
strength"). A magnetic field can be specified in two ways—as magnetic flux density, B,
expressed in tesla (T), or as magnetic field strength, H, expressed in ampere per meter (A/m).

The two quantities are related by the expression:

B=uxH )

where p is the constant of proportionality (the magnetic permeability); in a vacuum and in air,
as well as in non-magnetic (including biological) materials, p has the value 47107 when
expressed in henry per meter (H/m). Thus, in describing a magnetic field for protection

purposes, only one of the quantities B or H needs to be specified.

Another commonly used unit for characterizing an RF electromagnetic field is "power
density." Power density is defined as power per unit area. For example, power density can be
expressed in terms of milli Watts per square centimeter (mW/cm?) or microwatts per square

centimeter (wWW/cm?). One mW equals 0.001 Watt of power, and one uW equals 1x10® Watt.

Power density is most accurately used when the point of measurement is far enough away
from the RF emitter to be located in what is commonly referred to as the "far-field" zone of
the radiation source, e.g., more than several wavelengths distance from a typical RF source.
In the far field, the electric and magnetic fields are related to each other in a known way, and
it is only necessary to measure one of these quantities in order to determine the other quantity
or the power density. In the far-field region, the plane-wave model is a good approximation of
the electromagnetic field propagation. The characteristics of a plane wave are:

e The wave fronts have a planar geometry;

e The E and H vectors and the direction of propagation are mutually perpendicular;

e The phase of the E and H fields is the same, and the quotient of the amplitude of E/H

is constant throughout space. In free space, the ratio of their amplitudes E/H = 377

ohm, which is the characteristic impedance of free space;
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e Power density, S, i.e., the power per unit area normal to the direction of propagation,
is related to the electric and magnetic fields by the expression:

S=ExH=E/377 =377 x H (3)

In closer proximity to an antenna, i.e., in the "near-field" zone, the physical relationships
between the electric and magnetic components of the field are usually complex. In this case, it
is necessary to determine both the electric and magnetic field strengths to fully characterize

the RF environment (Cleveland and Ulcek, 1999).

Since the area of a sphere surrounding a source increases as the square of its radius, then in an
ideal case (in the absence of any nearby objects including the ground) the power density falls

off as 1/(distance)’, the inverse square law.

The quantity used to measure how much RF energy is actually absorbed in a body is called
the "Specific Absorption Rate" or "SAR." It is usually expressed in units of Watts per
kilogram (W/kg) or milliwatts per gram (mW/g). In the case of exposure of the whole body, a
standing human adult can absorb RF energy at a maximum rate when the frequency of the RF
radiation is in the range of about 80 and 100 MHz. This means that the "whole-body" SAR is
at a maximum under these conditions. Because of this "resonance" phenomenon, RF safety
standards are generally most restrictive for these frequencies (Classic, 2007). For exposure of
parts of the body, such as the exposure from hand-held mobile phones, SAR is also used to

measure absorption of RF energy.

SAR compliance for low power transmitters are evaluated with electric field measurements
inside homogeneous tissue models or computer modeling techniques using anatomically
equivalent tissue models. In either case, SAR is determined according to this equation (David

and Kwok, 2001).

E‘z lo2
SAR =—— 4)
P

where |E| is the magnitude of the measured or computed root mean square (rms) electric field,
o is the conductivity (Siemens per meter (S/m)) and p is the mass density (kg/m®) of the
tissue-equivalent media. SAR can also be determined from temperature rises due to RF

energy absorption in tissue media according to the equation (Means and Chan, 2001):
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sar=cL (5)
St

where C is the specific heat of tissue, J7 is the temperature rise and & is the exposure
duration. However, in order to use temperature techniques, relatively high power is required
to expose the tissue over a very short duration to avoid thermal diffusion errors. Therefore,
temperature methods are typically not applicable for evaluating low power transmitters for

SAR (Means and Chan, 2001).

2.3 Introduction of GSM Worldwide and in the Kingdom of Bahrain:

During the early 1980s, analog cellular telephone systems were experiencing rapid growth in
Europe. Each country developed its own system, which was incompatible with everyone else's
in equipment and operation. This was an undesirable situation, because the mobile equipment
was limited to operation within national boundaries, and there was also a very limited market
for each type of equipment, so economies of scale and the subsequent savings could not be
realized. The Europeans realized this early. In 1982 the Conference of European Posts and
Telegraphs (CEPT) formed a study group called the Groupe Spécial Mobile (GSM) to study

and develop a pan-European public land mobile system (Scourias, 1997).

In 1989, GSM responsibility was transferred to the European Telecommunication Standards
Institute (ETSI), and phase I of the GSM specifications were published in 1990. Commercial
service was started in mid-1991, and by 1993 there were 36 GSM networks in 22 countries
(Scourias, 1997). Although standardized in Europe, GSM is not only a European standard.
Over 200 GSM networks (including DCS1800 and PCS1900) are operational in 110 countries
around the world. In the beginning of 1994, there were 1.3 million subscribers worldwide,
which had grown to more than 55 million by October 1997 (Scourias, 1997). With North
America making a delayed entry into the GSM field with a derivative of GSM called
PCS1900, GSM systems exist on every continent, and the acronym GSM now aptly stands for

Global System for Mobile communications.
In 1995, the digital Global System for Mobile Telecommunications (GSM) network was

launched in the Kingdom of Bahrain (Batelco, 2006). At this time, there were only one

operator (Batelco) and the number of mobile phone users was considerably less than that
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today. For these reasons fewer base stations were required to fulfill operational considerations
with consequential lesser impact on the environment. After four years, in 1999, Batelco’s

mobile phone customers reach 100,000 (Batelco, 2006).

The second operator for GSM (MTC-Vodafone) was launched in 2003 with the first third
generation networks (3G) (MTC, 2006). The number of base station sites began to increase
rapidly due to increasing usage of mobile phones to about 899 thousands on 30 November

2006 (TRA, 2007).

While in principle the GSM system can be implemented in any frequency band, there are far
fewer bands where GSM handsets are available. There are five frequency bands used by
GSM: GSM 900, GSM 1800, GSM 850, GSM 1900 and GSM 400. Of these, GSM 900 and
GSM 1800 are used in most parts of the world, with GSM 850 and GSM 1900 limited mainly
to the Americas. GSM 400 has experienced very little deployment so far.

The current allocation of the spectrum for GSM in the Kingdom of Bahrain follows the
standard GSM 900 and GSM 1800 frequencies allocation (see Figure 2.3) (TRA, 2006). Both
the standard GSM 900 and extended GSM 900 frequency bands have been allocated to public
mobile in Bahrain. Public mobile spectrum is currently split between Batelco and MTC-

Vodafone. The Extended GSM spectrum has only been assigned to MTC-Vodafone.

2000 2100

[] Batelco
E MTCVodafone
B Not Assigned

Figure 2.3: Public mobile spectrum assignments in Bahrain (<1900 MHz highlighted).

MTC-Vodafone has been assigned 3G frequency spectrum (as part of the award of the second
mobile licence). It was assigned 1x5 MHz within the 1900-1920 MHz TDD band, and 2x15
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MHz within the 1920-1980 MHz / 2110-2170 MHz FDD band. This 3G spectrum was
granted to MTC-Vodafone in 2003. In addition, Batelco has the right to part of the 3G
spectrum. 1x5 MHz in the TDD band and 2x15 MHz in the FDD band have been reserved for
Batelco. It should be noted that spectrum between 1427 MHz and 2700 MHz is used in parts
by the government, potentially conflicting with 3G users. However, the government has been
consulted on this matter, and it has been concluded that expected government usage of the 3G
spectrum will not be at a level which would impede future 3G assignment (TRA, 2006).
There is an additional 52.5 MHz of free spectrum in this band (10 MHz + 22.5 MHz + 20
MHz), as shown in Figure 2.4.

3G spectrum 3G spectrum 3G spedrum

(T30) QD) (FRD)
(8
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910
1900 2000 2100

[[:\ MTC Vodafone [ Batelco WFree }

Figure 2.4: Current use of spectrum in the 1900 MHz — 2170 MHz band (TRA, 2006).

2.4 Base Station Definition, Types and Structure:

Mobile phone base stations are radio transmitters with antennas mounted on either free-
standing masts or on building (HPA, 2006). Base station and mobile phone handset are the
two communicating elements that form a mobile phone network. The mobile phone handset
transmits radio waves to the base station, and these carry the voice of the phone user.
Similarly, the base station transmits radio waves to the mobile phone and these carry the voice
of the person the phone user is listening to. The base station passes the signals to and from the

phone network.

There are many different types of base stations used by operators and it is not always easy to

firmly categorise them as macro-cell, micro-cell or pico-cell. Categorizations tend to be based
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on the purpose of the site rather than in terms of technical constraints such as radiated powers

or antenna heights (HPA, 2006).

A macro-cell provides the main coverage in a mobile network. The antennas for macro-cells
are mounted on ground-based masts, rooftops and other existing structures. They must be
positioned at a height that is not obstructed by surrounding buildings and terrain. Macro-cell

base stations have a typical power output of tens of Watts.

Micro-cells provide infill radio coverage and additional capacity where there are high
numbers of users within macro-cells. The antennas for micro-cells are mounted at street level,
typically on the external walls of existing structures, lamp posts and other street furniture. The
antennas are smaller than macro-cell antennas and, when mounted on existing structures,
often blend in with building features to minimize visual impact. Typically, micro-cells
provide radio coverage across smaller distances and are placed 300m-1000m apart. They have

lower outputs than macro-cells, usually a few Watts.

A pico-cell provides more localized coverage than a micro-cell. They are normally found
inside buildings where coverage is poor or where there are a high number of users, such as
airport terminals, train stations or shopping centres. They also have lower outputs than macro-

cell and occupancy is generally low (NRPB, 2004).

The base station consists of many parts that combined. These parts are plants room, mast,

antennae and cables.

e Plant room (base station): When discussing base stations, it is important to be clear
that, in strictly engineering terms, it is the electronic equipment contained in the plant
room, shown in Figure 2.5, which is the base station. Nevertheless, it has become
common practice to describe the complete installation, including antennas and mast, as
the base station (Mann et al., 2000). The features of a typical base station installation
are shown in Figure 2.5. Base stations contain a number of radio transmitters and each
of these has the same maximum output power, P,. The outputs from the individual
transmitters are then combined and fed via cables to the base station antenna, which is

mounted at the top of a mast (or other suitable structure).
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Figure 2.5: A base station contains a number of radio transmitters (trx) whose outputs
are combined before being fed to an antenna and transmitted as radio waves. (Mann et

al., 2000).

Mast: A mast is a free standing structure (the same as a telegraph pole) which supports
antennas at a height where they can transmit and receive radio waves. A mast is
typically 15-50 m high and plays no part in the transmission of radio waves. To
minimize the environmental impact, more slim line versions with smaller head frames
are now in place. These can be painted to blend in with their surroundings, disguised

as trees or used in conjunction with street lighting (MOA, 2007).

Antennae: Several types of antennas are used for the transmissions; panel-shaped
sector antennas or pole-shaped omni antennas are used to communicate with mobile
phones (HPA, 2006). In the most usual construction of a base station there are three
sector antennas. In such a case the beam from each antenna has a horizontal spread of
120°% such that the three antennas cover an entire circle (Health Council of the
Netherlands, 2000). Dish antennas form terminals for point to point microwave links
that communicate with other base stations and link the network together. Sometimes
the base stations are connected together with buried cables instead of microwave links
(HPA, 2006). In the Kingdom of Bahrain, most Batelco’s base stations communicate
via cables whereas MTC-Vodafone’s base stations communicate via dish antennae.
Dish antennas produce narrow conical beams that are 1-2° wide. Typical powers are

no more than a few tens of mW because the power is channelled so selectively
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towards the receiver. The powers used by dish antennas are very much lower than
those used by base station antennas so the exposures produced by signals from dish

antennas will be negligible in comparison (Mann ef al., 2000).

e (Cables: which provide the energy and transfer the signal between the transmitter and

the antenna.
Dish == Tt Sector
Antenna Antenna

AR
|

Figure 2.6: Sector and dish antennae (HPA-2, 2006).

2.5 The Properties of the RF Beam from the Base Station:

Mobile phones communicate by radio signals passing to and from an antenna mounted on the
phone and antennas connected to the base station. The radio link from the phone to the base
station is known as the uplink and carries the speech from the mobile phone user. A separate
radio link from the base station to the phone is known as the down link and this carries the
speech from the person to whom the phone user is listening. This principle is illustrated in

Figure 2.7 (Mann ef al., 2000).
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Figure 2.7: Radio signals used for communication between mobile phones and base stations
(Mann et al., 2000).
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The power from antennas used with macro-cellular base stations is radiated in conical fan-
shaped beams, which are essentially directed towards the horizon with a slight downward tilt
(illustrated in the Figure 2.8). It causes the radio wave strengths below the antennas and at the
base of masts to be very much lower than directly in front of the antennas at a similar distance
(HPA, 2006).

Base station

mast KnlaalP @ 300 e =T T

Beam

50 -300m

Ground

Figure 2.8: The shape of the beam formed by a typical antenna used with a macrocellular base
station (HPA, 2006).
The beams formed by antennas used with macro-cellular base stations are narrow in the plane
of elevation with typical widths between 5° and 10°. The beams are also tilted slightly
downwards so the top edge of the main beam is approximately horizontal whereas the lower
edge is directed up to 10° below horizontal. When considering the heights at which antennas
tend to be mounted, it implies that the main beam from base station antennas would be
expected to reach ground level typically between 50 and 300 m from the foot of a mast (Mann

et al., 2000).

At distances closer to the mast than where the main beam reaches ground level, exposure
occurs due to weaker beams known as sidelobes, whose power density is not so easy to
calculate, unless one has detailed technical information about the beam pattern from the

antennas (HPA, 2006).

Certain behavior characteristics of EM fields dominate at one distance from the radiating
antenna, while a completely different behavior can dominate at another location. Electrical
engineers define boundary regions to categorize behavior characteristics of electromagnetic
fields as a function of distance from the radiating source. These regions are: the "Near-Field",
"Transition Zone", and "Far-Field". The regional boundaries are usually measured as a

function of the wavelength. Figure 2.9 shows these regions and boundaries.
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Two things should be stressed: these regions categorize behaviors which vary even within
each region; and the boundaries for these regions are approximate "rules of thumb" (more
precise boundaries can be defined based primarily on antenna type and antenna size, and even

then the experts differ).
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Figure 2.9: Antenna field regions for typical antennas.

The region extending farther than 2 wavelengths away from the source is called the "Far-
Field". In the far-field, E, H, and power density are related by the equations: E = H x 377 and

S =E x H which was discussed before.

The region between the near-field and the far-field is called the "Transition Zone". It has a
combination of the characteristics found in both the near-field and the far-field. Here it may
not always be necessary to measure both E and H to obtain a good approximation of the EM

field, but several measurements are needed to characterize the field.

The region located less than one wavelength from the source is called the "Near-field". Here,
the relationship between E and H becomes very complex, and it requires measurement of both
E and H to determine the power density. Also, unlike the far-field where EM waves are
usually characterized by a single polarization type (horizontal, vertical, circular, or elliptical),

all four polarization types can be present in the near-field (OSHA, 1990).
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Since both the E field and the H field components of electromagnetic waves are absorbed by
living tissue, and since the relationship between E and H is complicated in the near-field, we

must measure both of them when evaluating near-field hazards.

The near-field is further divided into the "reactive" near-field and the "radiative" near-field.
The outer boundary of the reactive near-field region is commonly considered to be a distance
of 1/27 times the wavelength (A/2r or 0.159x}) from the antenna surface. The radiative near-

field covers the remainder of the near-field region, from A/2w out to A (one full wavelength).

In the reactive near-field (very close to the antenna), the relationship between the strengths of
the E and H fields is too complex to predict. Either field component (E or H) may dominate
at one point, or the other way dominate at a point only a short distance away. This makes it
extremely difficult to find the true power density there. Not only would E and H both have to
be measured, but a new term called the phase relationship between E and H is needed. Present
survey meters measure only the magnitude E or H, not this phase relationship. Although it
would be very helpful to know the true power density, our present compliance efforts do not

require us to determine it (OSHA, 1990).

As you might have guessed, the reactive near-field region has another surprise in store for
you. In this reactive region, not only is the EM wave being radiated outward into space, but
there is a "reactive" component to the EM field. Very close to the antenna, energy of an
unknown amount is held back and is stored very near the antenna surface. This reactive
component can be the source of confusion and danger in attempting measurements in this
region. In other regions the power density is inversely proportional to the square of the
distance from the antenna. In the vicinity very close to the antenna, the energy level can rise
dramatically with only a small additional movement towards the antenna. This energy can be
very dangerous (even hazardous) to both humans and measurement equipment where high

powers are involved.

When the radiating dimensions of the antenna are much smaller than one wavelength and/or
the frequency is low, it is especially important to be aware of the potentially hazardous
reactive fields which may exist in the reactive near-field. As you move nearer to the antenna

in the reactive near-field, the energy can increase much quicker than what is computed by the
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inverse-square law. Some electromagnetic energy is stored in the near-field in the vicinity of
the antenna that can be an unsuspected source of dangerous energy. This "reactive field"
energy is especially dangerous with high power systems. The closer to the radiating source

you get, the more caution should be exercised.

The radiative near-field does not contain any reactive field components from the source
antenna. The energy is all radiant energy and as you move further out into the radiative near-
field (one half wavelength to 1 wavelength from the source), the E to H relationship is still
complex. Since the radiative near-field is still part of the near-field, caution should still be
exercised in relation to personal safety and equipment safety. Metal objects such as steel
beams can act as antennas by receiving and then "re-radiating" some of the energy, forming a
new radiating surface to consider. Not only does this new radiating surface have its own near-
field regions, the energy levels might be shockingly high. Exercise caution near such metal

objects.

All near-field readings require special attention. In general, readings taken closer than one
wavelength require measurement of both the E and H fields. While taking measurements in
the near-field, you may notice the values for E and H vary considerably from point to point. A
very strong E or H field strength may exist only inches away from a very weak E or H field
strength. When attempting "power measurement" in the near-field, make an effort to take both
the E field and the H field measurements at the exact same physical location, especially if
unusual peaks and valleys are observed from point to point. The variation may be only
centimeters apart or may be as much as one meter. How much care to be taken will be

obvious to you by observing the meter display for abrupt changes.

Throughout this section the boundaries for the near and far-field regions have been defined
only in terms of wavelength. Actually, the boundaries are based on more. The maximum
overall dimension (D) of the radiating antenna is a prime factor in determining these
boundaries. This dimension is a physically measured length. Above we assumed that "D" was
one wavelength or less. For antennas like the ones mounted on houses for TV (dipole
antennas), "D" would be the length of the radiating arm; and for a radar set or heat sealer, "D"
might be the maximum dimension of the port opening (or aperture) through which the EM

wave passes.
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In most situations "D" is between one-fourth to one whole wavelength (1) long, but there are
some situations where "D" might be much larger or much smaller than “A". When "D" is
much larger 2 than "A ", the far-field boundary is not 2 A as shown in Figure 2.9, but is 2D/
Therefore, if the maximum overall dimension exceeds "A", the far-field boundary extends
farther out than 2A. Thus we might be required to measure both the E and H field
components, even beyond the 2) distance or when the frequency is above the 300 MHz "rule
of thumb". But don't panic, these situations are usually the exception, but you should be aware

of their existence (OSHA, 1990).

For the antennas most typically used at base stations, the near-field remains limited to a
distance of several metres from the antennas. Within the near-field, the field strength outside
of the beam strongly decreases as the distance to the beam increases. Simple calculations done
by Health Council of the Netherlands reveal that for an antenna with a radiated power of
about 20 W, a representative value for the antennas used in the Netherlands, the exposure
limit for the general public can only be exceeded within the beam and at a distance of no more
than 3 m from the antenna (Health Council of the Netherlands, 2000). Figure 2.10 provides a

schematic representation of the calculated field strengths mentioned.

«€— 50 Vim

Figure 2.10: Schematic representation of the field strengths near a GSM 900 antenna with a
radiated power of about 20 W. (Health Council of the Netherlands, 2000).
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CHAPTER 3

3. Guidelines for Limiting Exposure
to Radiofrequency Radiation

The two most commonly cited guidelines for standards on limiting exposure to RF fields are
International Commission of Non-Ionizing Radiation Protection (ICNIRP) guidelines and the
Institute of Electrical and Electronics Engineers (IEEE). Other regulatory bodies that issue
guidelines worldwide include the National Radiological Protection Board (NRPB) in the UK,
the Federal Communications Commission (FCC) in the USA, the Australian Radiation

Protection and Nuclear Safety Agency (ARPANSA) and Health Canada (HC).

In the following, the guidelines for these organizations will be demonstrated and then will be
compared and discussed. In most of these guidelines, the limiting values are given as basic

restrictions and reference levels for both occupational and general public exposure.

3.1 Guidelines of International Commission of Non-Ionizing Radiation

Protection (ICNIRP):

The International Commission of Non-Ionizing Radiation Protection (ICNIRP) is an
independent scientific organization responsible for providing guidance and advice on the
health hazards of non-ionising radiation exposure. ICNIRP develops international guidelines
on limits of exposure to non-ionising radiation .The most recent guidelines on limiting

exposure to electromagnetic fields were published in April 1998 (ICNIRP, 1998).

Limiting values are given as basic restrictions and reference levels. Basic restrictions directly
relate to established health effects. Appropriate safety factors are included. Reference levels
are derived from the basic restrictions for worst-case exposure situations and are in quantities
that can be easily measured. They provide levels that can be used to determine compliance

with the basic restrictions (ICNIRP, 1999).
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Restrictions on the effects of exposure are based on established health effects and are termed
basic restrictions. Depending on frequency, the physical quantities used to specify the basic
restrictions on exposure to EMF are current density, SAR, and power density. Protection
against adverse health effects requires that these basic restrictions are not exceeded (ICNIRP,

1998).

Different scientific bases were used in the development of basic exposure restrictions for
various frequency ranges. Between 100 kHz and 10 GHz, basic restrictions on SAR are
provided to prevent whole-body heat stress and excessive localized tissue heating; in the 100
kHz-10 MHz range, restrictions are provided on both current density and SAR (ICNIRP,
1998).

Established biological and health effects in the frequency range from 10 MHz to a few GHz
are consistent with responses to a body temperature rise of more than 1°C. This level of
temperature increase results from exposure of individuals under moderate environmental
conditions to a whole-body SAR of approximately 4 W/kg for about 30 min. A whole-body
average SAR of 0.4 W/kg has therefore been chosen as the restriction that provides adequate
protection for occupational exposure. An additional safety factor of 5 is introduced for
exposure of the public, giving an average whole-body SAR limit of 0.08 W/kg. The lower basic
restrictions for exposure of the general public take into account the fact that their age and

health status may differ from those of workers (ICNIRP, 1998).

The basic restrictions for current densities, whole body average SAR, and localized SAR for
frequencies between 1 Hz and 10 GHz are presented in Table 3.1.

Reference levels of exposure are provided for comparison with measured values of physical
quantities; compliance with all reference levels given in these guidelines will ensure
compliance with basic restrictions. If measured values are higher than reference levels, it does
not necessarily follow that the basic restrictions have been exceeded, but a more detailed

analysis is necessary to assess compliance with the basic restrictions (ICNIRP, 1998).

Where appropriate, the reference levels are obtained from the basic restrictions by

mathematical modeling and by extrapolation from the results of laboratory investigations at
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specific frequencies. They are given for the condition of maximum coupling of the field to the

exposed individual, thereby, providing maximum protection.

Table 3.1: Basic restrictions adopted by ICNIRP for time varying electric and magnetic fields
for frequencies up to 10 GHz. (ICNIRP, 1998).

Current density for Whole-body Localized SAE
Exposure head and thank average SAR (head and trank) Localized AR
characteristics Frequency range (mfm ”2) (tms) W kg™ 1) W7 kg‘lj limbs) (W kg_l:l
O coupaticeral up to | Hz 40 —_ — —
eXPoSIte 1-4 Hz 404 — o —
4 Hz-1 kHz 10 — — —
1-100 kH= JAoo — e —_
100 ¥Hz~10 hHz Son 04 103 20
10 MHz-10 ZHz — 04 10 20
G ensral public up to 1 Hz 2 — — —
EXPOSIE 1-4 Hz & — — —
4 Hz—- kHz Z — —_ —_
1-100 ¥Hz JE500 — —_ —
100 ¥Hz-10 MHz S1sun 0.0% 2 4
10 MHz~10 3Hz — ooz 2 4
*Noote:
1. fisthe frequency in hertz.

Tn YA

. Because of electtical inkhom ogeneity of the body, current densities should be averaged owver & cross-section of 1 em® perpenchcud ar

to the currert direction

. For frequencies up to 100 kKHz, peak cutrent density values carbe obtained by multiplying the rms value by /2 (~1.414) For pllses

of duration f, the eqivalent frequency to apply in the hasic restrictions should be raleul ated as £ = 14267

. For frequencies up to 100 kHz ard for pulsed magretic fields, the mazimum curent density associgted with the pulses can be

caleulated from the risefall times and the maximum rate of change of magnetic flux density. The induced ourrent density can then
be compared with the approgriate basic restriction.

. All 3AR walues are to be aversged over any 6-min period
. Localized SAR averaging massis any 10 g of contiguous tissue; the maximum SAF so obtained shidd be the vaue used for the

egtimation of exposure.

7. For pulses of duration &, the equivelent frequency to apply in the basic restrictinns shrodd be ealovlated as f = 1426 Additicnally,

for pulsed exposures in the Frequency rangs 0.3 1o 10 GHz and for lovalized suposure of the head, in order to limit ar avord auditory
effects caused by thermuoelastic expansion, en additional basic restriction is recommmended. This is that the 34 should not exceed
10 mJ kg™ for workers and Zml kg™! for the general public, wveraged nver 10 g tissue.

Table 3.2 summarizes the reference levels for exposure of the general public. The reference

levels are intended to be spatially averaged values over the entire body of the exposed

individual, but with the important proviso that the basic restrictions on localized exposure are

not exceeded (ICNIRP, 1998).
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Table 3.2: Reference levels adopted by ICNIRP for general public exposure to time-varying
electric and magnetic fields (unperturbed rms values) (ICNIRP, 1998).

E-field strength H-field strength B-field Equivalent plane wave
Frequency range ¥ mh (A m™h T power density 5 (W m~3
up tol Hz — 3.2 x 10¢ 4 % 10* —_
1% Hz 10,000 3.2 X 1042 4 x 10%f? -
§25Hz 10,000 40004 50004 —
0.025-08 kHz 250 &5 i —
02-3 kHz 250 5 G2 —
324150 KHz 57 5 625 —
.15-1 MHz &7 0.73f 092 —_
1-10 MHz g7 0.734 09f —
10400 MHz 28 0.073 nosz 2
400-2,000 MHz 137512 00057512 000467 M2 fann
2-300 GHz f1 0.14 nz20 10
* Note:
1. f as indicated in the frequency range column
2. Provided that tasic restrictions are met and adverse indirect effects can be excluded field strength values can ke excesded
3. For frequendes betaeen 100 kHz and 10 GHz, 5, E%, H®, and B® are to aversged over any 6-min period
4. Fort peak values a frecquencies up to 100 kHz see Tatle 4, note 3.

. For peak values at frequencies exceeding 100 kHz see Figs 1 and 2. Between 100 kHz and 10 MHz, peak values for the field
strengths e obtained by interpolation from the [ .5-fuld peak at 100 KHz to the 32-fuld peak at 10 MIHz. F oo frequencies excesding
10 WHz it is saggestsd that the peak equivalent plane wave power density, as aweraged over the pulse width does niot exceed 1,000
times the 5 restrictions, v that the field sirengih does not exceed 32 times the field strength exposate levels givern in the table.

6. For frequencies ex ceeding 10 GHz, 5, EZ, H2 ared B? are to be averaged over any 68 1%min period (¥ in GHz).

7. No E-field walue is provided for frequencies =1 Hz, which are effectively static electric fields. parception of swface electric charges

will not oceur at field srengths less than 25 KV m ™", Spark discharges cavsing stress or annoyance should be avaided.

3.2 National Radiological Protection Board (NRPB) guidelines:

In the UK, national guidelines on exposure to RF radiation were drawn up by National
Radiological Protection Board (NRPB) (NRPB, 1993), and have been accepted and

implemented by Government Departments and Agencies.

Having reviewed all relevant epidemiological studies, NRPB concluded that the results were
inconclusive and did not provide an adequate starting point from which to derive exposure
guidelines (NRPB, 1993). Instead, therefore, the guidelines were based on the potential of RF
radiation to cause illness or injury through heating of body tissues. While some research had
suggested that adverse health effects might occur from exposures lower than those needed to
produce significant heating, the evidence for this was not considered sufficiently robust to

form a basis for the derivation of exposure guidelines JEGMP, 2000).

The NRPB exposure guidelines incorporate basic restrictions on the specific energy
absorption rate (SAR). For mobile phones, the relevant restrictions are for frequencies
between 10 MHz and 10 GHz, and these are given in Table 3.3. To verify that the exposure of

an individual is within NRPB guidelines, it is necessary to demonstrate that none of the four
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basic restrictions is exceeded. The SAR is averaged over an exposure time and a specified
mass of tissue, depending on the tissue region. Averaging times are specified because of the
time taken for the temperature of tissues to equilibrate when they are exposed to the radiation

(IEGMP, 2000).

Table 3.3: NRPB basic restrictions on exposure in the frequency range 10 MHz to 10 GHz
(NRPB, 1993 and IEGMP, 2000).

Averaging parameters
Tissue region SAR limit (W/kg)  Mass (g} Time (minutes})
Whole body 04 - 15
Head, fetus 10 10 6
Neck, trunk 10 100 6
Limbs 20 100 )

These restrictions apply equally to workers and to members of the general public. NRPB has
taken the view that they provide adequate protection against harmful thermal effects for all

exposed individuals under all conditions.

Since SARs cannot easily be measured in living people, the NRPB guidelines also specify
investigation levels for external electromagnetic field strengths, at or below which the basic
restriction on whole-body SAR will not be exceeded. If an investigation level is exceeded,
more detailed investigation of the resultant SAR is indicated. Table 3.4 shows these

investigation levels for the frequency range covered by mobile phones.

Table 3.4: NRPB investigation levels for exposure at mobile telecommunications frequencies
(NRPB, 1993 and IEGMP, 2000).

Electric field Magnetic field Power density
Frequency (MHz}  strength (V/m) strength (A/m) (W/m®)
400 - 800 100 0.26 25
800 — 1550 125¢ 0.33f 41f*
1550 - 3000 194 0.52 100

fis the frequency in GHz.
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3.3 The Institute of Electrical and Electronics Engineers (IEEE) standards:

IEEE's recommendations on radiofrequencies were published in 1992 (IEEE, 1992), and later
approved by the American National Standards Institute (Levallois ef al., 1997). The basic
restrictions applicable to mobile technology as proposed by the IEEE (IEEE, 1992) are shown
in table 3.5:

Table 3.5: Basic restrictions for general public exposure according to IEEE.

] Averagingparameters
~ Tissueregion | SAR (W/kg) Mass(g) Time (minutes)
Whole body 0.08 -- 30
Any tissue 1.6 1 30
Limbs, wrists and ankles 4 10 30

The recommendations for exposure in general public (uncontrolled environments) presented
in Table 3.6. The exposure limits presented involve average field strengths or power densities
for 30 minutes from 3 MHz to 3 GHz. These limits provide adequate protection if:

- The average per-second induced current in a standing individual does not exceed 45 mA in
each foot in the frequency band between 100 kHz and 100 MHz;

- It is an average whole-body exposure;

- The additive effect of different frequencies must be considered;

- These frequencies must be modified for pulsed exposure, taking into account the exposure

time and the pulse widths.

Table 3.6: Exposure limits recommended by IEEE for radiofrequencies for general public
(uncontrolled environment) (IEEE, 1992 and Levallois et al., 1997).

UNDISTURBED FIELDS POWER DENSITY
(rms) W/m?)
FREQUENCY ELECTRIC MAGNETIC
(v/m) (Afm)
1001340 kHz 614 16.3/f -
1.34-3MHz 8238/f 16.3/f -
3-30 MHz 823.8/f 16.3/f —
30-100 MHz 218 158.34f 1.668 —
100-300 MHz 27.5 0.0729 2
300-3000 MHz 1150
3-15GHz fnso
15-300 GHz 100

£: frequency (MHz)
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The recommended exposure limits for field strength and power density may be exceeded if

the SAR does not exceed the values in table 3.5 (Levallois et al., 1997).

3.4 The Federal Communications Commission (FCC) Guidelines:

In 1996, the FCC adopted updated guidelines for evaluating human exposure to RF fields
from fixed transmitting antenna, such as those used for cellular and mobile phones base
stations. The FCC's guidelines are identical to those recommended by the National Council on
Radiation Protection and Measurements (NCRP) , which is a non-profit corporation chartered

by Congress to develop information and recommendations concerning radiation protection.

The FCC's guidelines also resemble the 1992 guidelines recommended by the Institute of
Electrical and Electronics Engineers (IEEE), which is a non-profit technical and professional
engineering society, and endorsed by the American National Standards Institute (ANSI),
which is also a non-profit, privately-funded, membership organization that coordinates

development of voluntary national standards in the United States (FCC, 2006).

The FCC adopted limits for Maximum Permissible Exposure (MPE) are generally based on
recommended exposure guidelines published by the National Council on Radiation Protection
and Measurements (NCRP) in "Biological Effects and Exposure Criteria for Radiofrequency
Electromagnetic Fields". In the frequency range from 100 MHz to 1500 MHz, exposure limits
for field strength and power density are also generally based on the MPE limits found in
Section 4.1 of "IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz,", and approved for use as an American
National Standard by the American National Standards Institute (ANSI) (Cleveland et al.,
1997).

The FCC's limits of specific absorption rate (SAR) for occupational and general population

are given in Table 3.7, whereas Table 3.8 shows the MPE limits for field strength and power

density for general population.
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Table 3.7: FCC limits for whole-body and localized (partial-body) exposure (Cleveland and

Ulcek, 1999).

Specific Absorption Rate (SAR)

Occupational/Controlled Exposure
(100 kHz - 6 GHz)

General Uncontrolled/Exposure
(100 kHz - 6 GHz)

< 0.4 W/kg whole-body

< 8 W/kg partial-body

< 0.08 W/kg whole-body

« 1.6 W/kg partial-body

Table 3.8: Limits for Maximum Permissible Exposure (MPE) for general population
(uncontrolled exposure) (FCC and LSGAC, 2000; Cleveland ef al., 1997).

Frequency Electric Field Magnetic Field Strength | Power Density Averaging Tune
Range Strength (E) (H) (s) . HF or S
(MHz) (Vim) (A'm) {mW/cm’) (munutes)
0.3-1.34 614 1.63 (100)* 30

1.34-30 824/f 2.19/f {180/f)* 30

30-300 273 0.073 0.2 30

300-1500 — — £1500 30

1500-100,000 — 1.0 30

f = frequency in MHz

*Plane-wave equivalent power density

Note: General population/uncontrolled exposures apply in situations in which the general

public may be exposed, or in which persons that are exposed as a consequence of their

employment may not be fully aware of the potential for exposure or can not exercise control

over their exposure.

3.5 The Australian Radiation Protection and Nuclear Safety Agency
(ARPANSA) Guidelines:

Mandatory limits on exposure to RF fields are based on established health effects and are

termed ‘basic restrictions’. Protection against established adverse health effects requires that

these basic restrictions are not exceeded. Depending on frequency, the physical quantities

used to specify the basic restrictions are current density (J), specific absorption rate (SAR),

specific absorption (SA) and power flux density (S) (ARPANSA, 2002).
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However, these mandatory basic restrictions are specified as quantities that are often
impractical to measure. Therefore, reference levels (unperturbed ambient electric and
magnetic fields, induced limb currents and contact currents), utilising quantities that are more
practical to measure, are provided as an alternative means of showing compliance with the
mandatory basic restrictions. Provided that all basic restrictions are met and adverse effects
can be excluded, the reference levels may be exceeded. The reference levels have been
conservatively formulated such that compliance with the reference levels given in these

guidelines will ensure compliance with the basic restrictions.

The basic restrictions for whole-body average SAR and spatial peak SAR are specified.
Different criteria were used in the development of basic restrictions for various frequency
ranges (ARPANSA, 2002)., i.e.

(a) In the frequency range between 100 kHz and 6 GHz, basic restrictions on whole body
average SAR are provided to prevent whole-body heat stress. Basic restrictions on spatial
peak SAR, in the head and torso and in the limbs, are intended to prevent excessive localised
temperature rise in tissue. Due to thermal inertia of tissue, a six minute averaging time is
appropriate for time averaged SAR measurements (see Table 3.9).

(b) In the frequency range between 100 kHz and 6 GHz range, restrictions are provided on
both current density and SAR where both quantities are relevant to this frequency range (see

Table 3.9).

Table 3.9: Basic restrictions for whole-body average SAR and spatial peak SAR (ARPANSA,
2002).

Exposure Frequency | Whole-body Spatial peak Spatial peak
category range average SAR | SAR in the head | SAR in limbs
W/kg) & torso (W/kg) W/kg)
Occupational | 100 kHz—-6 GHz 0.4 10 20
General public | 100 kHz-6 GHz 0.08 2 4

Table 3.10 specifies the reference levels for time averaged exposure to ambient electric (E)

and magnetic (H) fields.
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Table 3.10: Reference levels for time averaged exposure to rms electric and magnetic fields
(unperturbed field) (ARPANSA, 2002).

Exposure Frequency E-field H-field Equivalent plane
category range strength strength wave power flux
(V/m rms) | (A/mrms) density Seq
(W/m?3)
Cccupational 100kHz — 1 MHz 614 163/ f -
1MHz — 10 MHz 614/ f 163/ f 1000 / f2 (see note 5)
10 MHz — 400 MHz 61.4 0.163 10 (see note 5)
400 MHz - 2 GHz 3.07 x f0:5 0.00814 x f05 | £/ 40
2 GHz - 300 GHz 137 0.364 50
General public | 100kHz — 150 kHz B6.8 4.86 -
150 kHz ~ 1 MHz 86.8 0.729/f —
1MHz — 10 MHz B6.8/fos 0.729/ f -
10 MHz - 400 MHz 27.4 0.0729 2 (seenote 6)
400 MHz — 2 GHz 1.37 x f0.5 0.00364 x f05 | £/ 200
2 GHz - 300 GHz 61.4 0.163 10
NOTES:
1 fis the frequency in MHz.
2 For frequencies between 100 kHz and 10 GHz, Se, E2 and H2 must be averaged

over any 6 minute period.

The E and H reference levels have been derived from the basic restrictions by mathematical
modelling and laboratory investigations. They are given for the condition of maximum
coupling of the field to the exposed individual for all circumstances and, therefore, are

generally more conservative than the corresponding basic restrictions (ARPANSA, 2002).

For the purposes of demonstrating compliance with the basic restrictions, the reference levels
for the electric and magnetic fields should be considered separately and not additively. This is
because, for protection purposes, the currents induced by electric and magnetic fields are not

additive.

3.6 Health Canada:

At frequencies between 100 kHz and 10 GHz, SAR limits take precedence over field strength
and power density limits and shall not be exceeded. The SAR should be determined for cases
where exposures take place at 20 cm or less from the source. For conditions where SAR

determination is impractical, field strength or power density measurements shall be carried
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out. In cases where SAR determination is appropriate, the values in Table 3.11 shall not be

exceeded (Health Canada, 1999):

Table 3.11: SAR limits for persons not classed as RF and microwave exposed workers
(including the general public) (Health Canada, 1999)

condition 24/ Limit

7" (it
The S&F averaged overthe whole body mass a.ng
The local S8AR for head, neck and runk, averaged over any ohe 16
gram (g of tissue® -
The 34~ inthe limhs, as averaged over 10 g of tissue® 4

* Defined as a tissue volume in the shape of a cube.

A person, other than an RF and microwave exposed worker, shall not be exposed to
electromagnetic radiation in a frequency band listed in Column 1 of Table 3.12 if the field
strength exceeds the value given in Column 2 or 3 of Table 3.12, when averaged spatially and
over time, or if the power density exceeds the value given in Column 4 of Table 3.12, when

averaged spatially and over time.

The spatial averaging is carried out over an area equivalent to the vertical cross-section of the
human body (projected area). A time-averaging period of 0.1 h (6 min) should be employed
for frequencies up to 15 000 MHz (Health Canada, 1999).

Table 3.12: Exposure limits for persons not classed as RF and microwave exposed workers
(including the general public) (Health Canada, 1999)

1 2 3 5
Freguency Electric Field M agne;ic Field Pnju‘er Averaging
(M Hz Strength, rms - Strength, rms Crensity Tirre
(I (&S AT (mir)
0.002-1 280 219 f
1-10 2800F 219 f ]
10-30 28 14af )
30300 28 0073 = ]
300-1 500 1.6846%% 0.0047 "% Falady f
1 500-15 000 £1.4 0182 10 ]
15 000-150 000 B1.4 0163 10 16 000 /72

180 000-200 000 01887%% 4.7 w107 e&Tx10%F BB o0

* Power density limit 15 spplicable at frequencies grester than 100 MHz.
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3.7 Italian Exposure Limits:

Whereas the previous limits and guidelines were based on scientific evidence the Italian
regulations for RF exposure limits based on the precautionary principle, the recourse to which
would be justified by possible long-term effect of EMF exposure. Compared to other
exposure limits values which are given as basic restrictions and reference levels, the Italian
exposure limits is given as three different exposure levels, exposure limits, attention levels,

and quality goals, respectively (Vecchia, 2007).

Vecchia stated that “Exposure limits cannot be exceeded under any circumstance, attention
levels cannot be exceeded in residential environments, and quality goals are additional limits
set by the State in order to minimize exposure. Both attention values and quality goals are
explicitly defined as cautionary limits for long-term effects” (Vecchia, 2007). The table shows

the values of the above limits:

Table 3.13: Restriction on RF exposure in Italy (Vecchia, 2007).

R R b o R
e i (Vim) | (Am) (W/m?)
[ Exposure limit | 60 | 02 —
100 kHz — 3 MHz | Attention value 6 0.016 ---
Quality goal 6 0.016 ---
Exposure limit 20 0.05 1
3MHz - 3 GHz | Attention value 6 0.016 0.1
Quality goal 6 0.016 0.1
Exposure limit 40 0.1 4
3 GHz - 300 GHz | Attention value 6 0.016 0.1
Quality goal 6 0.016 0.1
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3.8 Summary and Conclusion about Guidelines:

Table 3.14 summarizes the basic restrictions for general public exposure of the previous

organizations using the physical quantity SAR in unit of W/kg:

Table 3.14: Comparison between different basic restrictions for general public exposure.

Note that Basic restrictions are directly related to established health effects.

NRPB has one basic restriction for both occupational and general public. As a result, its
values are the highest. All other organizations have the same value of SAR for whole body

(which is 0.08 W/kg) and for localized SAR (limbs) (which is 4 W/kg).

Tables 3.15, 3.16 and 3.17 summarize the Reference Levels for general public exposure for
previous organizations for GSM 900 (925 — 960 MHz), GSM 1800 (1805 — 1880 MHz) and
UMTS (2110 -2170 MHz):

Table 3.15: Comparison between different reference levels for general public exposure for
frequency band of GSM 900 (925 — 960 MHz).

_E-field strength | H-field strength | Power density
- \ (V/m) | (A/m) (W/m?)
ICNIRP 41.82 — 42.60 0.113-0.115 4.63 —4.80
'NRPB 115.63 — 120.00 0.305-0.317 35.08 —37.79
IEEE 6.17 — 6.40
FCC 6.17 — 6.40
ARPANS 41.67 —42.45 0.111-0.113 4.63 — 4.80
CANADA | 4821-49.11 0.128 —0.130 6.17 - 6.40
ITALY 6 0.016 0.1
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Table 3.16: Comparison between different reference levels for general public exposure for
frequency band of GSM 1800 (1805 — 1880 MHz).

E-field strength | H-field strength | Power density
(V/im) (A/m) (W)
58.42 —59.62 0.157-0.160 9.03 -9.40
194 0.52 100
- ——— 12.03 - 12.53
---- -——- 10
58.20 -59.40 0.155-0.158 9.03 -9.40
61.4 0.163 10
6 0.016 0.1

Table 3.17: Comparison between different reference levels for general public exposure for
frequency band of UMTS (2110 — 2170 MHz).

E-field strength |
61
194
-—-- ---- 14.07 — 14.47
10
61.4 0.163 10
61.4 0.163 10
6 0.016 0.1

We can notice that Italian limit is the lowest limit among the other. Also the Italian limit,
unlike others limits, is frequency independent. The lowest reference levels values from other
limits are those adopted by ICNIRP and ARPANS. However, the other limits are not so far
from these limits. The highest reference levels values are those adopted by NRPB.

In the Kingdom of Bahrain, the exposure limit of power density equal to 0.1 W/m® was
recommended by the Pollution Control Section, Public Commission for the Protection of
Marine Resources, Environment and Wildlife (PCPMREW) but not yet adopted by the
Government (according to Mr. Mirza Salman Khalaf, the Head of Pollution Control Section).

In this study, both the ICNIRP limit and the limit recommended by PCPMREW (0.1 W/m?)

will be used in the discussion and assessment of the results.
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CHAPTER 4

4. Methodology

This chapter describes the equipments used in measuring RF radiation from the mobile phone
base stations, the criteria followed in choosing these base stations and the procedure of

recording the measurement.

4.1 Equipments and Software

All RF radiation measurements from mobile phone base stations were recorded using a
portable spectrum analyser connected to antenna. The spectrum analyser model is
SPECTRAN® HF-6080 which is the best model among various models of HF detectors made
by Aaronia AG, Germany. Some of the most important specifications of the devices are:

e Frequency range: 1 MHz to 7 GHz

e Level range: -90 dBm to 30 dBm

e Power flux density range: 10 fW/m? to 100 W/m? (where fW=10"" W)

e Filter bandwidth range: 10 KHz to 50 MHz

e Precision base unit +/- 3 dBm

The antenna connected to the spectrum analyser, HyperLOG® 6080, is a logarithmic-periodic
antenna and it is a single broadband antenna for the complete frequency range from 680MHz
to 18GHz. The antenna is calibrated precisely in the Aaronia laboratories before dispatch. It’s

gain is 5dBi and it has integrated 5/8" tripod socket and its dimensions is (340x200x25) mm.

Figure 4.1: The spectrum analyser connected with the antenna via SMA adapter.
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Other equipments that used are tripod, adopter and five meters extension cable for long term

(24 hours) measurements.

Three software were used in this study. First, the software used in processing and analysing
data is The Microsoft® Office Excel 2003 Program. The second software is "Google Earth"
which was used to specify the locations of the base stations and to determine the distance
between each base station and the point of measurement. The third software used is
SPECTRAN spectrum analyser software “LCS” which was used in downloading the data

saved in the spectrum analyser during the long term measurements.

4.2 The Method Used in Choosing the Sample of Base Stations

There are two network operator of mobile phone in the Kingdom of Bahrain, Bahrain
Telecommunications Company (Batelco) and Mobile Telecommunications Company (MTC-
Vodafone). The two operators have about 310 mobile phone base stations spread throughout
the Kingdom at the time of writing this thesis. Batelco have about 195 base stations, whereas
MTC have about 115 base stations. From the 310 base stations, there are about 26 base
stations which are in restricted area or in non occupied area in the Southern governorate. So
the reminding accessible base stations are 284 base stations. The distribution of these allowed
base stations illustrated in Table 4.1. Note that the number in bracket is the number of

accessible base stations.

Table 4.1: Distribution of base stations at the five governorates in the Kingdom of Bahrain.

1. Capital 62 33
2. Muharraq 23 14
3. Northern 40 24
4. Central 39 24
5. Southern 31(13) 20 (12)
195 (177) 115 (107)
TOTAL 310 (284 accessible)
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Figure 4.2: The five governorates in the Kingdom of Bahrain.

To estimate the minimum sample size (n) required (according Scheaffer et al., 1990), the
following formula was used:

| Enx0o i
o

Where n is the required sample, o is the standard deviation, Zy, is the normal curve area
which is equal to 1.96 and E is the sampling error size. The o for 8 readings of base stations
was calculated and equal to 0.8. For 20% of sampling error, the minimum sample size will be:

2
n{(wg;o.s} e o

The sample size that was chosen according to the previous result is 70 base stations. This
number of base station represented approximately 25% of the total allowed base stations (285
base stations). This ratio was applied for the number of base stations of each operator in each
governorate separately. The final number of base stations for both operators in each

governorate in the following table:
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Table 4.2: The numbers of base stations that were chosen for the measurements in the five
governorates in the Kingdom of Bahrain.

1. Capital 16 8
2. Muharraq 6 3
3. Northern 10 6
4. Central 10 6
5. Southern 3 2
45 25

TOTAL 20

The 70 base stations among the total number were chosen according to following criteria:
e The base station should be in the middle or next to residential area. The base stations
in open and non-residential area were excluded.
e The antenna of base station must be seen from the point of measurement and not

shielded by buildings or trees.

For long term (24 hours) measurements, the sites selected according to possibility of access to
the roof of a house located within distance of not more than 300 m from the mobile phone

base station. The availability of electricity also required.

Additional measurements were made in the vicinity of the base station to determine the RF
radiation distribution in the streets and roads around the base station. One base station was

chosen to do this type of measurements.

4.3 Surveying Procedure

After the base stations were specified according to previous criteria, we started doing survey.
To ensure that we record the maximum level of each base station, we follow the next
procedure:
1. We actually went to area and located the base station and took overall look around it.
2. A random point of measurement was specified between 50 and 350 m far away from
the base station. This range of distance was chosen according to the theoretical aspect

which states that the main beam of the RF radiation from the base station reaches the

50



ground at that range of distance, dependent on the height of base station (see section
2.5 and Figure 2.8). Moreover, we do some investigations for two base stations and
found that the maximum power density is about 100 m from the base station. (see
appendix 4).

For each base station we took measurements in several points at different distances
(between 50 and 350 m) and various directions (east, west, north and south).

Using the above results, we decided which one of these points were the maximum

point of measurement and started to record all measurements at this point.

The method of recording measurements by using the spectrum anlayser is:

1.
2.
3.

The spectrum analyser was connected to the antenna.

The spectrum analyser was turned on.

The key 7 was pressed for sitting up optimal parameters for measurement of GSM
900.

The data was recorded and the procedure was repeated for other two band of mobile

phone base station, GSM1800 and UMTS.

The procedures for long term (24 hours) measurements are as following:

L.

2
3.
4
5

The antenna was fixed above the tripod on roof of building.

The antenna was connected to the spectrum analyser via 5 m cable.

The spectrum analyser was put indoor to avoid direct sunlight, dust and rain.

The number of readings was set 240 and the time between readings is 360 seconds.
After 24 hours all equipments were disconnected and the data were downloaded using

spectrum analyser software “LCS”.

The procedure for street mapping of power density include printing the map of area around

the base station, locate the points of measurements and follow the previous steps for normal

measurements for GSM900 only.
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CHAPTER 5

5. Results and Discussion

In this chapter, all results of the three types of measurements, environmental measurements,

long term measurements of RF radiation and street mapping of power density, stated and

discussed.

5.1 Environmental Measurements:

The obtained results for the 70 base stations are summarized in Tables 5.1, 5.2, 5.3, 5.4 and

5.5. The abbreviations used in these tables are:

#: The identification number of each measurement. The letter indicates the first letter
of the governorate.

Town: The town where the measurement carried out.

Address: The address of the point where measurement done.

Operator: The mobile phone network operator, either Batelco or MTC.

Distance: The horizontal distance from the point of measuring to the base station.
Frequency band: GSM900, GSM1800 or UMTS.

Freq. (MHz): The frequency in unit of MHz.

dBm: the power ratio in decibel (dB) of the measured power referenced to reference.
uW/mzz The power density in unit of pW/m2 .

V/m: The electric field in unit of V/m.

mA/m: The magnetic field in unit of mA/m.

% of ICNIRP limits: The percentage of the measuring relative to ICNIRP limits
calculated by the device, spectrum analyser, and it is not same as ICNIRP limits
discussed in section 3.1.

% of PCPMREW limit: The percentage of the measuring relative to the limit proposed
by the Pollution Control Section of the Public Commission for the Protection of

Marine Resources, Environment and Wildlife (PCPMREW) in Bahrain.
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Discussion the results for Al Muharraq Governorate:
The results for this Governorate, from table 5.1, are graphed in Figure 5.6. The Maximum,
Minimum, and Average values of RF radiation for the three bands, GSM900, GSM1800 and

UMTS, for this Governorate were summarized in Table 5.6 and graphed in Figure 5.7.

The highest level of RF radiation in Al Muharraq Governorate for the nine base stations was
found in Al Hidd (site no.1) at Hatim Altaie Avenue, Block 110 at distance 169 m from the
base station. This base station is operated by MTC. The frequency of RF radiation was 957
MHz (GSM900 band) and its power density was 1800 pW/m?* (E = 0.825 V/m and H = 2.190
mA/m). However, this value is less than ICNIRP limit by 2572 times or 0.039% of that limit
and less than PCPMREW limit by 56 or 1.8% of that limit.

The results for GSM1800 and UMTS bands were much less than GSM900 band. The highest
value of power density of RF radiation for GSM1800 band was 313.37 nW/m? (E = 0.344
V/m and H = 0.912 mA/m) and for UMTS band was 116.28 puW/m” (E = 0.209 V/m and H =
0.556 mA/m). These values are about 0.0035% and 0.0012% of ICNIRP limit respectively,
and 0.313% and 0.116% of PCPMREW limit respectively.

The overall average power density for the nine base stations under survey in this Governorate
was 697.19 pW/m?” for the band of GSM900, 72.83 LW/m? for the band of GSM1800 and
28.65 pW/m? for the band of UMTS. The percentages of these averages for each band relative
to ICNIRP limit and relative to PCPMREW limit are as follow:
e For GSM900: The average (697.19 pW/m?) is about 0.015 % of ICNIRP limit and
about 0.697% of PCPMREW limit
e For GSM1800: The average (72.83 pW/m?) is about 0.00081% of ICNIRP limit and
about 0.073% of PCPMREW limit
e For UMTS: The average (28.65 uW/m?) is about 0.00029% of ICNIRP limit and
about 0.029% of PCPMREW limit

We notice clearly that all RF radiation from the base stations at three bands are much less than
both exposure limits, ICNIRP and PCPMREW. This radiation does not exceed 0.04% of
ICNIRP limits and do not exceed 2% of PCPMREW limits. Also we can notice that the levels
of RF radiation in the bands of GSM1800 and UMTS were several times lower than that of
GSM900 band.
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Figure 5.6: Graph of Al Muharraq Governorate results.

Table 5.6: Maximum, Minimum, and Average for Al Muharraq Governorate results.

Power . . % of % of
Prequency i own | dBm im0 |G eNTRE IDePAMBEW
B G U (e o
Maximum| GSM900 | Al Hidd-1 -14 1800 0.825 2.190 1.93 1.8000
GSM 1800 | Al Hidd-2 227 313.37 | 0.344 0.912 0.57 0.3134
UMTS | Al Hidd-1 -32 116.28 | 0.209 0.556 0.34 0.1163
Minimum| GSM900 | Qalali-1 -34 15.73 0.077 0.204 0.17 0.0157
GSM 1800 | Busaiteen -54 0.588 0.015 0.04 0.02 0.0006
UMTS | Al Hidd-2 -63 0.109 0.006 0.017 0.01 0.0001
Average | GSM900 ---- -20 697.19 | 0.466 1.237 1.09 0.6972
GSM 1800 - -39 72.83 0.125 0.333 0.21 0.0728
UMTS — -43 28.65 0.076 0.203 0.12 0.0287
200017
]
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Figure 5.7: Graph of maximum, minimum and average for the three network bands at Al

Muharraq Governorate.
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Discussion the results for the Capital Governorate:
The results for this Governorate, from Table 5.2, are graphed in Figure 5.8. The Maximum,
Minimum, and Average values of RF radiation for the three bands, GSM900, GSM1800 and

UMTS, for this Governorate were summarized in Table 5.7 and graphed in Figure 5.9.

The highest level of RF radiation in the Capital Governorate (twenty four base stations) was
found in Sanabis at Road 812, Block 408 - at distance 122 m from the base station. This base
station is operated by MTC. The frequency of RF radiation is 956 MHz and the recorded
power density was 3400 pW/m?* (E = 1.133 V/m and H = 3.007 mA/m). This value is less
than ICNIRP limit by 1362 times (0.073% of this limit) and less is than PCPMREW limit by
29 times (3.400% of this limit). This value of power density, 3400 puW/m?, is also the highest
RF radiation level recorded in this survey (among 70 base stations). It is almost 4 times
greater than the average recorded value for the Capital governorate (883.93 nW/m?) or almost
6 times greater than the overall average (577.64 pW/m?) for the five governorates in the band

of GSM900.

Meanwhile, the lowest recorded power density in the Capital governorate (104.40 uW/m?) —in
Mahooz— is almost 33 times less than the highest recorded value which was 3400 uW/m® in
Sanabis. This shows that there are big variations of RF radiations levels between highest and
lowest values of power density. However these variations represent less than 0.1% of ICNIRP

limit.

This relatively high value (in Block 408 in Sanabis) can be attributed to many reasons. The
first reason may be attributed to a possibility of the rating power of the used transmitter in this
location. It may be larger than the others. The power of each base station transmitter is set to a
level that allows a mobile phone to be used within the area for which the base station is
designed to provide coverage, but not outside the coverage area. Higher powers are needed to
cover larger cells or area and also to cover cells with difficult ground terrain. Unfortunately,
we failed to obtain information from MTC in this regards. Instead of that we can compére the
distances between each base station and surrounding base stations to know the coverage area.
We found that Sanabis base station has larger distances between it and the three surrounding
base stations than other MTC base stations and the three base stations surrounding each one.
This means that Sanabis base station has more power to cover larger area. Moreover, there are

no base stations in the area from the base station to the coast which locate at distance of about
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1.6 km to the north. This value is about twice the distances between MTC base stations. In

this area our measurement was taken. This observation supports our justification.

The second reason may be attributed to the larger capacity of the base stations, i.e. having
multiple transmitters; the output power can vary over time and with the number of calls being
handled. One of the transmitters -in this case- is expected to transmit RF radiation
continuously at full power, whereas the other transmitters will operate intermittently and with
varying power levels up to the maximum. As an example, the power output of a macrocellular
base station with 10 W transmitters could vary between a minimum of 10 W and a maximum

of 100 W over time.

The results for GSM1800 band and UMTS were much less than GSM900 band. The highest
value of power density of RF radiation for GSM1800 also was found in Sanabis and it was
1440 pW/m* (E = 0.737 V/m and H = 1.958 mA/m). For UMTS band, the highest value of
power density was 647.39 pW/m? (E = 0.494 V/m and H = 1.311 mA/m) and was found in
Ras Al Rumman (site 2). These values are about 0.016% and 0.0065% of ICNIRP limit
respectively, and 1.440% and 0.647% of PCPMREW limit respectively.

The average power density for the twenty four base stations under survey in this Governorate
was 883.93 pW/m? for the band of GSM900, 200.92 pW/m? for the band of GSM1800 and
59.51 pW/m” for the band of UMTS. The percentages of the averages for each band relative
to ICNIRP limit and relative to PCPMREW limit are as follow:
e For GSM900: The average (883.93 uW/mz) is about 0.019% of ICNIRP limit and
about 0.884% of PCPMREW limit.
e For GSM1800: The average (200.92 pW/m?) is about 0.0022% of ICNIRP limit and
about 0.201% of PCPMREW limit.
e For UMTS: The average (59.51 pW/m?) is about 0.00060% of ICNIRP limit and
about 0.060% of PCPMREW limit.

Therefore all RF radiation from the base stations are much less than both exposure limits,
ICNIRP and PCPMREW. This radiation does not exceed 0.08% of ICNIRP limits and do not
exceed 3.4% of PCPMREW limits. We can notice clearly that the levels of RF radiation in the
bands of GSM1800 and UMTS were several times lower than that of GSM900 band and

insignificant.
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Figure 5.8: Graph of the Capital Governorate results.
Table 5.7: Maximum, Minimum, and Average for the Capital Governorate.
Power . : % of % of
Frgﬁcy Town | dBm | density 1?\1/?/1;1;1 &iﬂg ICNIRP [PCPMREW
(WW/m? limit limit
Maximum| GSM900 | Sanabis -11 3400 1.133 3.007 2.66 3.4000
GSM1800 | Sanabis -20 1440 0.737 1.958 3.95 1.4400
UMTS |Ras AIR.-2| -25 647.39 | 0.494 1:311 0.80 0.6474
Minimum | GSM900 | Mahooz -26 104.40 | 0.198 0.526 0.46 0.1044
GSM1800 | Um Al H. -50 1.49 0.024 | 0.063 0.007 0.0015
UMTS Jufair-2 -65 0.069 | 0.005 0.014 0.000 0.0000
Average | GSM900 - -18 883.93 | 0.529 1.395 1.23 0.8839
GSM1800 ---- -37 200.92 | 0.200 | 0.500 0.47 0.2009
UMTS — -42 59.51 0.109 | 0.289 0.18 0.0595
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Figure 5.9: Graph of maximum, minimum and average for the three network bands at the
Capital Governorate.
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Discussion the results for the Northern Governorate:
The results for this Governorate, from Table 5.3, are graphed in Figure 5.10. The Maximum,

Minimum, and Average values of RF radiation for the three bands, GSM900, GSM1800 and
UMTS, for this Governorate were summarized in Table 5.8 and graphed in Figure 5.11.

The highest level of RF radiation in the Northern Governorate for the 16 base stations was
found in Hamad Town (roundabout 1) near House: 2271, Road: 331, Block: 1203 at distance
117m from the base station. This base station is operated by Batelco. The frequency of RF
radiation was 948 MHz and its power density was 985.63 uW/m2 (E =0.609 V/m and H =
1.618 mA/m). However, this value is less than ICNIRP limit by 4697 times or 0.021% of that
limit and less than PCPMREW limit by 101 or 0.986% of that limit.

The results for GSM1800 band and UMTS were much less than GSM900 band. The highest
value of power density of RF radiation for GSM1800 band was found in Al Duraz and it was
142.09 pW/m2 (E =0.231 V/m and H = 0.614 mA/m) and for UMTS it was also found in Al
Duraz and it was 355.2 pW/m* (E = 0.366 V/m and H = 0.971 mA/m). These values are
about 0.0016% and 0.0036% of ICNIRP limit respectively, and 0.142% and 0.355% of
PCPMREW limit respectively. '

The average power density for the 16 base stations under survey in this Governorate was
471.37 uW/m2 for the band of GSM900, 33.66 pW/m? for the band of GSM1800 and 53.13
uwW/m? for the band of UMTS. The percentages of the averages for each band relative to
ICNIRP limit and relative to PCPMREW limit are as follow:
e For GSM900: The average (471.37 uW/m?) is about 0.010 % of ICNIRP limit and
about 0.471% of PCPMREW limit
e For GSM1800: The average (33.66 pW/m?) is about 0.00037% of ICNIRP limit and
about 0.034% of PCPMREW limit
e For UMTS: The average (53.13 pW/m?) is about 0.00053% of ICNIRP limit and
about 0.053% of PCPMREW limit

We notice clearly that all RF radiation from the base stations at three bands are much less than
both exposure limits, ICNIRP and PCPMREW. This radiation does not exceed 0.021% of
ICNIRP limits and do not exceed 1% of PCPMREW limits. Also we can notice that the levels
of RF radiation in the bands of GSM1800 and UMTS were several times lower than that of
GSM900 band and insignificant.
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Figure 5.10: Graph of the Northern Governorate results.
Table 5.8: Maximum, Minimum, and Average for the Northern Governorate.
Power . . % of % of
Freg;‘rfgcy v | B0 00 Fz\f /‘Iil)d gnilfrig ICNIRP [PCPMREW
(WW/m?) limit limit
Maximum| GSM900 |Hamad T.-1| - 16 | 985.63 0.609 1.618 1.43 0.9856
GSM1800( Duraz -30 | 142.09 0.231 0.614 0.39 0.1421
UMTS Duraz -27 355.2 0.366 0.971 0.59 0.3552
Minimum | GSM900 | Magabah | - 25 122.04 0214 0.569 0.50 0.1220
GSM1800| Maqgabah | -67 | 0.0281 0.003 0.009 0.00 0.0000
UMTS Jidhafs -61 | 0.1445 0.007 0.02 0.01 0.0001
Average | GSM900 -—- -20 | 471.37 0.405 1.075 0.95 0.4714
GSM1800 -—- -43 33.66 0.086 0.229 0.14 0.0337
UMTS - -42 53.13 0.107 0.285 0.17 0.0531
__ 1000TZ=a
< i
S 800+
3
2 6001 Maximum
g 400- B Average
i OMinimum
$ 200
o 0- ."‘me e

GSM900

GSM1800

UMTS

Figure 5.11: Graph of maximum, minimum and average for the three network bands at the

Northern Governorate.
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Discussion the results for the Central Governorate:

The results for this Governorate, from Table 5.4, are graphed in Figure 5.12. The Maximum,
Minimum, and Average values of RF radiation for the three bands, GSM900, GSM1800 and
UMTS, for this Governorate were summarized in Table 5.9 and graphed in Figure 5.13.

The highest level of RF radiation in the Central Governorate for the sixteen base stations was
found in Salmabad at Road 437, Block 704 at distance 242 m from the base station. This base
station is operated by Batelco. The frequency of RF radiation was 942 MHz (GSM900 band)
and its power density was 760.48 MW/m2 (E = 0.535 V/m and H = 1.421 mA/m). However,
this value is less than ICNIRP limit by 6088 times or 0.016% of that limit and less than
PCPMREW limit by 131 or 0.760% of that limit.

The results for GSM1800 band and UMTS were much less than GSM900 band. The highest
value of power density of RF radiation for GSM1800 band was found in Isa Town-3 and it
was 100.13 pW/m? (E = 0.194 V/m and H = 0.516 mA/m) and for UMTS band was found in
Sitra-2 and it was 274.12 pW/m? (E = 0.321 V/m and H = 0.853 mA/m). These values are
about 0.0011% and 0.0027% of ICNIRP limit respectively, and 0.100% and 0.274% of
PCPMREW limit respectively.

The average power density for the 16 base stations under survey in this Governorate was
384.10 pW/m’ for the band of GSM900, 29.58 pW/m” for the band of GSM1800 and 42.53
uW/m2 for the band of UMTS. The percentages of these averages for each band relative to
ICNIRP limit and relative to PCPMREW limit are as follow:
e For GSM900: The average (384.10 pW/m?) is about 0.0083% of ICNIRP limit and
about 0.384% of PCPMREW limit
e For GSM1800: The average (29.58 pW/m?) is about 0.00033% of ICNIRP limit and
about 0.030% of PCPMREW limit
o For UMTS: The average (42.53 uW/m?) is about 0.00043% of ICNIRP limit and
about 0.043% of PCPMREW limit

We notice clearly that all RF radiation from the base stations at three bands are much less than
both exposure limits, ICNIRP and PCPMREW. This radiation does not exceed 0.02% of
ICNIRP limits and do not exceed 0.8% of PCPMREW limits. Also we can notice that the
levels of RF radiation in the bands of GSM1800 and UMTS were several times lower than
that of GSM900 band and insignificant.
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Figure 5.12: Graph of the Central Governorate results.
Table 5.9: Maximum, Minimum, and Average for the Central Governorate.
Power . : % of % of
Freg;ﬁgcy Town | dBm | density Fz\f/llzl)d &i‘f;g ICNIRP [PCPMREW
(WW/m?) limit limit
Maximum| GSM900 | Salmabad -17 760.48 | 0.535 1.421 1.26 0.760
GSM 1800 |Isa Town-3| -32 100.13 | 0.194 0.516 0.33 0.100
UMTS Sitra-2 -29 274.12 | 0.321 0.853 0.52 0.274
Minimum| GSM900 |Isa Town-1| -40 4.39 0.041 0.108 0.09 0.0044
GSM 1800 | Nuwaidrat | -57 0.31 0.011 0.029 0.01 0.0003
UMTS |[Isa Town-1| -62 0.13 0.007 0.018 0.01 0.0001
Average | GSM900 e -22 384.10 | 0.352 0.933 0.83 0.384
GSM 1800 ---- -40 29.58 0.135 0.247 0.15 0.0296
UMTS ---- -43 42.53 0.096 0.254 0.15 0.0425
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Figure 5.13: Graph of maximum, minimum and average for the three network bands at the

Central Governorate.
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Discussion the results for the Southern Governorate:

The results for this Governorate, from Table 5.5, are graphed in Figure 5.14. The Maximum,
Minimum, and Average values of RF radiation for the three bands, GSM900, GSM1800 and
UMTS, for this Governorate were summarized in Table 5.10 and graphed in Figure 5.15.

The highest level of RF radiation in Southern Governorate for the five base stations was
found in Al Zalaq near house 302, Road 5709, Block 1057 at distance 139 m from the base
station. This base station is operated by Batelco. The frequency of RF radiation was 959 MHz
(GSM900 band) and its power density was 1530 uW/m? (E = 0.760 V/m and H = 2.016
mA/m). However, this value is less than ICNIRP limit by 3026 times or 0.033% of that limit
and less than PCPMREW limit by 65 or 1.530% of that limit.

The results for GSM1800 band and UMTS were much less than GSM900 band. The highest
value of power density of RF radiation for GSM1800 band was found in West Riffa-1 and it
was 62.62 },LW/m2 (E = 0.154 V/m and H = 0.408 mA/m) and for UMTS band was 169.25
pW/m2 (E = 0.272 V/m and H = 0.722 mA/m) and also was found in West Riffa-1. These
values are about 0.00069% and 0.0017% of ICNIRP limit respectively, and 0.063% and
0.169% of PCPMREW limit respectively.

The average power density for the 9 base stations under survey in this Governorate was
451.59 pW/m? for the band of GSM900, 14.19 uW/m? for the band of GSM1800 and 36.38
uW/m2 for the band of UMTS. The percentages of these averages for each band relative to
ICNIRP limit and relative to PCPMREW limit are as follow:
e For GSM900: The average (451.59 nW/m?) is about 0.0098% of ICNIRP limit and
about 0.452% of PCPMREW limit
e For GSM1800: The average (14.19 nW/m?) is about 0.00016% of ICNIRP limit and
about 0.014% of PCPMREW limit
e For UMTS: The average (36.38 pW/mz) is about 0.00036% of ICNIRP limit and
about 0.036% of PCPMREW limit

We notice clearly that all RF radiation from the base stations at three bands are much less than
both exposure limits, ICNIRP and PCPMREW. This radiation does not exceed 0.033% of
ICNIRP limits and do not exceed 1.6% of PCPMREW limits. Also we can notice that the
levels of RF radiation in the bands of GSM1800 and UMTS were several times lower than
that of GSM900 band.

76



B GSM900
B GSM1800
OUMTS

West West West  AlZalag Askar
Riffa-1  Riffa-2  Riffa-3

Figure 5.14: Graph of the Southern Governorate results.

Table 5.10: Maximum, Minimum, and Average for the Southern Governorate.

Power . : % of % of
gienoy] oon | Bm 4 BDN (LU feiRD pen
i a1 5 lin
Maximum| GSM900 | Al Zalaq -14 1530 0.76 2.016 1.78 1.5300
GSM 1800 | W. Riffa-1 -34 62.62 0.154 0.408 0.26 0.0626
UMTS | W. Riffa-1 -30 169.25 0.272 0.722 0.44 0.1693
Minimum| GSM900 Askar -30 38.25 0.121 0.318 0.28 0.0383
GSM 1800 Askar -65 0.048 0.004 0.011 0.00 0.0000
UMTS | W.Riffa-3 -68 0.031 0.003 0.085 0.00 0.0000
Average | GSM900 -—-- -23 451.59 0.34 0.893 0.79 0.4516
GSM 1800 -—-- -50 14.19 0.05 0.128 0.08 0.0142
UMTS -—-- -48 36.38 0.08 0.225 0.12 0.0364
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Figure 5.15: Graph of maximum, minimum and average for the three network bands at the

Southern Governorate.
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The following Figure illustrates the comparison of the average for the five governorates.
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Figure 5.16: The comparison between the averages of the five Governorates for GSM900
band.

It is clearly that Capital Governorate has the highest average, 883.93 uW/mz, and Al
Muharraq Governorate has the second highest average 697.19 pW/m’. The Central and
Southern Governorates have approximate averages, 471.37 uW/m2 and 451.59 pW/m2

respectively, and the lowest average was in Central Governorate 384.10 uW/mz.

The overall average for the five governorates, in term of power density, is 577.64 uW/mz.

This value is about 0.012% of ICNIRP limit and about 0.578% of PCPMREW limit.

For the GSM1800 band, the overall average of the power density for the five governorates is
70.24 pW/m2 which represents about 0.00078% of ICNIRP limit and about 0.070% of
PCPMREW limit.

For the UMTS the overall average of the power density for the five governorates average
44.04 pnW/m? which represent about 0.00044% of ICNIRP limit and about 0.044% of
PCPMREW limit.
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5.2 Long Term (24 hours) Measurements of RF Radiation:

The long term measurements, 24 hours duration, was conducted for 5 base stations. These
base stations are N5 at Maqgabah (Northern Governorate), N13 at Jidhafs (Northern
Governorate), CM20 at Ras Al Rumman (Capital Governorate), CM22 at Karbabad (Capital
Governorate) and at Samaheej (Al Muharraq Governorate) (see Figures 5.1, 5.2, 5.3 and 5.4).

The results obtained represented in the following Figures.
The power is represented in unit of dBm because the device saves the data from the long term
measurement in this unit only. To convert this unit to uW/m? the following table can be used

which was calculated according to our previous result. The corresponding

Table 5.11: Conversion between dBm and pW/m®.

~dBm | g -15 -16 -17 -18 -19 -20 21
uW/mz 1680 | 1270 978 802 650 516 394 315
~dBm | 23 24 25 26 27 7 J —

280 182 162 124 98 82 | 69.59 | -

This type of measurement gives us an idea about the variation of RF during a day. Moreover,
it can shows the maximum and minimum and therefore how far between them. This can help
us to know also how the result in type one of measurements, environmental measurements,

could change when the measurement conducted at another time of the day.

The measurements for the five base stations were started at about 6:00 p.m. The results were
rearranged to be started at 00:00 A.M. The frequency band for this type of measurements was
the GSM900 band because as we notice from previous results, the GSM1800 and UMTS
bands are much less in the levels of RF radiation than GSM900.
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Figure 5.17: Long term measurements of RF emission from the base station in Jidhafs-N13
(Northern Governorate).

This base station sited in the middle of Jidhafs village, one of the high density population in
the Northern Governorate. The measurement was conducted on the roof of 3 stories building
which locates at distance 106 m from the base station. The address of this building is: House:
475, Road: 2514, Block: 425. This base station is operated by Batelco. The frequency band

for measurements was GSM900.
The highest level of RF radiation was recorded at 11:06 a.m. which was -20.42dBm (about

394 uW/mz) and the lowest level of RF radiation was recorded at 04:18 p.m. which was
-25.39 dBm (about 124 pW/mz) .The average level of RF radiation -23.1827 (182 pW/m2).
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Figure 5.18: Long term measurements of RF emission from the base station in Karbabad
CM20 (Capital Governorate).

This base station sited in the middle of Karbabad village, which is located in the Capital
Governorate. The measurement was conducted on the roof of 3 stories building which locates
at distance 118 m from the base station. The address of this building is: House: 63, Karbabad
Avenue, Block: 432. This base station is operated by Batelco. The frequency band for

measurements was GSM900.

The highest level of RF radiation was recorded at 05:54 a.m. which was -19.62 dBm (about
516 pW/m?) and the lowest level of RF radiation was recorded at 03:48 p.m. which was
-21.52 dBm (about 315 uW/mz). The average level of RF radiation -20.1738 (about 394
uW/m?)
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Figure 5.19: Long term measurements of RF emission from the base station in Samaheej (Al
Muharraq Governorate).

This base station sited in the Samaheej, one village of Al Muharraq Governorate. The
measurement was conducted on the rooftop of two stories building which locates at distance
192 m from the base station. House: 735, Road: 3326, Block: 233 This base station is
operated by MTC.

The highest level of RF radiation was recorded at 01:12 a.m. which was -25.16 dBm (about
124 pW/m?) and the lowest level of RF radiation was recorded at 02:30 p.m. which was
-28.11 dBm (about 69.59 uW/mz). The average level of RF radiation -26.1928 (about 98
uW/m?)
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Figure 5.20: Long term measurements of RF emission from the base station in Magabah N5
(Northern Governorate)

This base station sited in the middle of Maqgabah village, in the Northern Governorate. The
measurement was conducted on the roof of 3 stories building which locates at distance 147 m

from the base station. This base station is operated by Batelco.

The highest level of RF radiation was recorded at 09:30 a.m. which was -23.10 dBm (about
182 uW/mz) and the lowest level of RF radiation was recorded at 09:42 p.m. which was
-26.07 dBm (about 98 uW/mz) .The average level of RF radiation -24.1292 (about 162
pW/mz)
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Figure 5.21: Long term measurements of RF emission from the base station in Ras Al
Rumman CM22 (Capital Governorate)

This base station sited at Ras Al-Rumman, at the City Center of the Capital Governorate. The
measurement was conducted on the roof of 3 stories building which locates at distance 50 m
from the base station. The address of this building is: Building: 45, Road: 601, Block: 306.

This base station is operated by Batelco.

The highest level of RF radiation was recorded at 01:12 a.m. which was -14.12 dBm (about
1680 uW/mz) and the lowest level of RF radiation was recorded at 01:30 p.m. which was
-16.87 dBm (about 802 uW/mz) .The average level of RF radiation -16.095 (about 978
uW/m?)
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5.3 Street Mapping of Power Density:

Additional measurements but necessarily of limited nature were made in the vicinity of the
base station to determine the RF Radiation distribution in the streets around the base station.
The street mapping of RF radiation levels was conducted in one base station. This base station
locates at Karbabad village (number CM20 on Figure 5.2) in the Capital Governorate (see
appendix 3 for the streets numbers map). Twenty locations around the base station within 550
m were specified. For each location, the power density for the GSM900 band was measured
because the RF radiation of the other two bands, GSM1800 and UMTS, are much less than
GSM900 band. The results were presented as a map (see Figure 5.22).

The result showed two main conclusions. First, as was stated in theory, the maximum power
density was at distance about 180 m from the base station where the mean beam expected to

reach the ground. Second, where the beam of antenna was shielded by the buildings, the

power density was very low (10 uW/m2 or less).

Y i e
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Figure 5.22: Street mapping of RF power density around base station in Kababad.
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CHAPTER 6

6. Conclusion

Mobile phones and their base stations have been become one of fastest widespread technology
worldwide. However, there are increasing concerns about the possible biological and health
effects from the radiofrequency (RF) radiation from these base stations. Many studies have
been conducted to study the effects of this radiation on cells, animals and human. Various
organizations and authorities reviewed these studies and based on these reviews and the
currently available scientific data, they set a guidelines or limits to protect both workers and
the general public from potential adverse health effects. Some of these organizations and
authorities are International Commission of Non-lonizing Radiation Protection (ICNIRP), the
Institute of Electrical and Electronics Engineers (IEEE), the National Radiological Protection
Board (NRPB) in the UK, the Federal Communications Commission (FCC) in the USA, the
Australian Radiation Protection and Nuclear Safety Agency (ARPANSA), Health Canada
(HC) and Italy.

In this study, both the ICNIRP limit and the national limit proposed by the Pollution Control
Section of the Public Commission for the Protection of Marine Resources, Environment and
Wildlife in Bahrain (PCPMREW) were used in our analysis and discussion of the results. This
because ICNIRP limit is one of the most limit recommended by many countries and

organization.

The main aim of this thesis was to measure the RF radiation levels from mobile phone base
stations in the Kingdom of Bahrain. Three types of measurements were conducted, the
environmental measurements, long term measurements and street mapping of power density

of the RF radiation.

The first type of measurements, environmental measurements, is the main type of
measurements. It considers the RF radiation levels from the base stations operated by the two
operators in the Kingdom of Bahrain, Batelco and MTC, for the three bands: GSM900 which
is operated in the frequency range between 925 and 960 MHz, GSM1800 which is operated in
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the frequency range between 1805 and 1880 MHz, and UMTS, which is operated in the
frequency range between 2110 and 2170 MHz. We had taken relatively large sample size 70
out of 280 (25 % of the total against the accepted known sampling size - which is 15%). We
had covered all the governorates in Bahrain (5 Governorates). This means covering nearly 50

towns in the Kingdom of Bahrain.

The results of this type of measurements showed that the RF radiation was much less than
exposure limits issued by ICNIRP limit or by national PCPMREW limit. The RF radiation
levels in the band of GSM900 found to be the dominant and so the conclusions on the few
paragraphs below mention this band. Among all mobile phone base stations under survey (70
base stations), the highest RF radiation level was found at Sanabis, one town of the Capital
governorate, which was 3400 pW/m? in terms of power density. This value is about 0.073%
of ICNIRP limit (which is about 4.63 W/m?) (1362 times less) and 3.400% of PCPMREW
limit (which is 0.1 W/m?) (29 times less). In terms of Electric Field Strength (E) and
Magnetic Field Strength (H) it was 1.133 V/m and 3.007 mA/m respectively. These values
represent about 2.7% of ICNIRP limit. This Governorate, Capital, also has the highest
average of power density among the other Governorates which was 883.93 pW/m?. This
average value is about 0.019% of ICNIRP limit (5204 times less) and 0.884% of PCPMREW

limit (113 times less).

This high power density value (3400 pW/m?) is almost 4 times greater than the average value
(883.93 uW/m?) for the Capital governorate or almost 6 times greater than the overall average
(577.64 WW/m?) for the five governorates in the band of GSM900. The lowest value of power
density (104.40 pW/m?) in the Capital governorate is almost 33 times less than this highest
value. This shows that there are large variations of RF radiations levels between highest and
lowest values of power density. However, these recorded values represent only less than 0.1%
of ICNIRP limit. This high power density in Sanabis was anlysed and attributed to many
factors, i.e. due to larger output power of the base station that emitted from the antenna and
due to larger capacity base stations having multiple transmitters where output power can vary

over time and with the number of calls being handled.
For the other Governorate, Al Muharraq Governorate had an average power density of 697.19

uW/m?. This average value is about 0.015% of ICNIRP limit (6641 times less) and 0.697% of
PCPMREW limit (143 times less). The highest level of RF radiation in term of power density
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was found in Al Hidd (site no.1). The frequency of RF radiation was 957 MHz and its power
density was 1800 pW/m?. However, this value is about 0.039% of ICNIRP limit (2572 times
less) and about 1.800% of PCPMREW limit (56 times less). This base station is operated by
MTC.

For the Northern Governorate, the average power density was 471.37 uW/m?. This average
value is about 0.010% of ICNIRP limit (9822 times less) and 0.471% of PCPMREW limit
(212 times less). The highest power density was found in Hamad Town (roundabout 1). The
frequency of RF radiation was 948 MHz and its power density was 985.63 uW/m?. However,
this value is about 0.021% of ICNIRP limit (4697 times less) and is about 0.986% of
PCPMREW limit (101 times less). This base station is operated by Batelco.

For Central Governorate, the average was 384.10 pW/m®. This average value is about
0.0083% of ICNIRP limit (12054 times less) and 0.384% of PCPMREW limit (260 times
less). The highest power density was found in Salmabad Town. The frequency of RF radiation
was 942 MHz and its power density was 760.48 uW/mz. However, this value is about 0.016%
of ICNIRP limit (6088 times less) and is about 0.760% of PCPMREW limit (131 times less).

This base station is operated by Batelco.

For Southern Governorate, the average was 451.59 pW/m?®. This average value is about
0.0098% of ICNIRP limit (10253 times less) and is about 0.452% of PCPMREW limit (221
times less). The highest power density was found in Al Zalaq. The frequency of RF radiation
was 959 MHz and its power density was 1530 nW/m?. However, this value is about 0.033%
of ICNIRP limit (3026 times less) and is about 1.530% of PCPMREW limit (65 times less).

The average power density for all base station under survey at the five governorates for the
band of GSM900 was 577.64 pW/m?* which is 0.012% of ICNIRP limit (8015 times less) and
0.578% of PCPMREW limit (173 times less).

For the GSM1800 band, the highest level of power density was recorded at Sanabis, Capital
governorate, which was 1440 pW/m?* (E = 0.737 V/m and H = 1.958 mA/m). This value is
about 0.016% of ICNIRP limit and 1.440% and of PCPMREW limit. The overall average of
the power density for the five governorates for this band was 70.24 uW/m?* which represents

about 0.00078% of ICNIRP limit and about 0.070% of PCPMREW limit.
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For the UMTS band, the highest level of power density was recorded at Ras Al Rumman (site
2), Capital governorate, which was 647.39 pW/m? (E = 0.494 V/m and H = 1.311 mA/m).
This value is about 0.0065% of ICNIRP limit, and 0.647% of PCPMREW limit. The overall
average of the power density for the five governorates for this band was 44.04 pW/m? which
represents about 0.00044% of ICNIRP limit and about 0.044% of PCPMREW limit.

When comparison our results with previous studies results we can see some similarity with
some studies and some differences with the others. The highest level of RF radiation recorded
in our study was 3400 uW/m? (E=1.133 V/m and H=3.007 mA/m) which is almost same
result for Kuwait (E is between 0.05 and 1.13 V/m) and almost same as PCPMREW results,
which varies from 2 to 4000 uw/mz.

In Australia, the result was lower (1780 pW/m?). It is also lower in Malaysia according to the
study of Malaysian Institute for Nuclear Technology Research (MINT).The averaged
radiation levels produced by the mobile phone base stations were found to vary between

8x10° V/m (0.000017 pW/m?) and 7.05x10 V/m (13.18 pW/m?),

The second type of measurements was to investigate how RF radiation varies during long
term duration. The long term measurements, 24 hours duration, was conducted for 5 base
stations for the band of GSM900. These base stations are at Maqabah (Northern Governorate),
Jidhafs (Northern Governorate), Ras Al Rumman (Capital Governorate), Karbabad (Capital
Governorate) and Samaheej (Al Muharraqg Governorate). This type of measurement gave us
an idea about the variation of RF radiation from mobile phone base stations during a day. The
results showed that there is a variation of RF radiation during the day which can be described
as random and unpredictable. Moreover, the results showed the maximum and minimum of
RF radiation during the 24 hours and therefore how far between them. This can help us to
know also how the result in type one of measurements, environmental measurements, could
change when the measurement conducted at another time of the day. Furthermore, this type
gives us information about the level of RF radiation on rooftop of buildings around the base
stations. The nearest distance to the base station was 50m with power density of 1680 pW/m?
compared to the highest RF radiation level found on the ground 572.06 pW/m? at distance 78

m for the same base station.

The street mapping of RF radiation levels around a base station, the third types of

measurements, was conducted. One base station was chosen. This base station locates in
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Capital Governorate at Karbabad village (number CM20 on Figure 5.2). Twenty locations
around the base station within 550 m were specified. For each location, the power density for
the GSM900 band was measured. From the results, one can conclude two main conclusions.
First, as we stated in theory, the highest power density was at distance about 180 m from the
base station where the mean beam expected to reach the ground. Second, where the beam of
antenna was shielded by the buildings, the power density was very low (less than 10 nW/m?).
In conclusion, the RF radiation levels were very low in the street, which indicates that this
radiation was shielded and dissipated. This led to a conclusion that in every location that was
measured in type one, the level in the area surrounding the base station expected to be much

less than our results because of the shielding of buildings and trees.

In conclusion, we found that the measured RF radiation levels from the mobile phone base
stations in the Kingdom of Bahrain are much lower than the exposure limits set by ICNIRP

and PCPMREW.

We recommend the following:

e Although the levels of RF radiation from base stations in the Kingdom of Bahrain at
ground level is much less than exposure limits, but we recommend the monitoring and
assessment of the RF radiation levels of mobile phone base stations should be
continue. This procedure is to ensure that RF radiation levels do not exceed the
exposure limit, especially that there is continuous installing of base stations through

out the Kingdom due to increasing in the demand of mobile phone technology.

e More attention and further studies should be conducted to study the levels of RF
radiation from mobile phones base stations at the levels above the ground level in the
building surrounding the base station. We expected that the level of RF radiation could
be higher than our results. Quick measurements was conducted for one base station at
Ras Al Rumman in the Capital Governorate showed that the level of RF radiation at
the vertical distance equal to 12m exceeded the highest levels obtained fro ground

level measurements (see appendix 4).

e More should be taken in considerations for the near field measurements and health

effects.
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There are now many mobile phone base stations from both operators (Baletco and
MTC) are installed very close to each other —at which the distance between them is
less than 500 m. This may lead to enhancement of exposure to RF radiation. We
recommended that future base stations should be installed within an about 500 m or
more from other base stations. This because if there are more than one base stations
within this range of distance, the level of RF radiation expected to be double in the
area between these base stations due to their radiation. However, in current level of RF
radiation, according to this study, this situation not expected to exceed the exposure

limit.

A national database should be set up by Telecommunications Regulatory Authority
(TRA) in cooperation with the two mobile phone network operator, Batelco and MTC,
giving information about all base stations in the Kingdom of Bahrain. For each, this
should list: the name of the mobile phone network operating company; the height of
the antenna above ground level; the date that transmission started; the frequency range
and signal characteristics of transmission; the transmitter power; and the maximum
power output under the Wireless Telegraphy Act. Moreover, this information should
be readily accessible by the public, and held in such a form that it would be easy to
identify, for example, all base stations within a defined geographical area, and all
belonging to a specified operator. Such transparency is useful to public,

environmentalists and researchers.

We recommend that distinctive attention should be given to the base stations near to
schools, health centers and other sensitive sites. We notice that in many cases the base
station are close to one or more schools or close to a kindergarten (see photos 1, 5, 7,
20,27, 30, 32,47, 52 and 55 in appendix 1). These base stations should be checked
regularly and be confident of not even approach to the exposure limits because some

studies suggested that children are more sensitive to RF radiation.

Researchers should stick with ICNIRP limits, as it is approved by World heath
Organisation and by the group of expert. Other groups had put limits much lower than
ICNIRP. For example the limits by Germany detector’s manufacturing, AARONIA
AG, had put the limits to 5 pW/m? for GSM900 band which is 900000 times the
ICNIRP limit. Another example is the limit recommended by Bund fiir Umwelt und
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Naturschutz Deutschland (BUND: League for the environment and nature
conservation, Germany) in 1997 which is 0.00045 W/m* for GSM900 (Aaronia AG,
2007). This value is 10000 times the ICNIRP limit. This will make the recorded power

density in Bahrain are at dangerous level according to their standards.

The sustainable development is defined as balancing the fulfillment of human development
needs with the protection of the natural environment so that these needs can be met not only
in the present, but in the indefinite future. Therefore, one can conclude that the mobile
communication system in Bahrain supports sustainable development. This is because it is
widely used over the whole resident and commercial areas, which provides efficient
communication, and hence, social and economic benefits without environmental damage or
hazards. This work reveals that the level of RF radiation flux in all of the surveyed mobile’s
phone base station is relatively very low, i.e. do not exceed even 2 % of the set international

limit.
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Appendixes

Appendix 1: Photos for the mobile phone’s base stations is several areas in
Bahrain.

1- Al Hidd-1

2- Al Hidd- 2
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3- Arad
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5- Qalali-2

6- Busaiteen
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Al Hala-2
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1

Al Hala-

8-
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9- Souq Al Muharraq

10- Sitra-1
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11-Nuwaidrat

12- Sitra- 2
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13- Sitra-3

14- Isa Town-1
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15- Sanad
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Isa Town
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17- Salmabad

18-

Isa Town-1
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19- A’ali-1
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20- A’ali-2
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21- Bukawara

22- Karbabad
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23- Qudaybia

24- Adlia
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25- Um Al Hasam

26- Juffair
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27- Ras Al Rumman-1

28- Salmania
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29- Soqayia-1

30- Soqayia-2
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31- Zinj

32- Al Hoora
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33-Noaim

1S

Sanabi

34
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35- Magsha

36- Barbar-1
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Barbar-2

38- Maqabah
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39- Jidhafs

40- Budayyi
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41- Janabia

42- Buri
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43- Dumis

1

R

Hamad Town -

44
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45- Hamad Town —R. 9

46- Hamad Town —R. 17
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47- Hamad Town — R. 20

48- W. Riffa-1
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49- W. Riffa-2

50- W. Riffa-3
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51- Al Zalaq

52- Askar
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53- Manama

54- Ras Al Rumman-2
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55- Al Duraz
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Appendix 2: Photos of the display of the measurements using our gauge

meter for RF radiation.

1- Photos of the display of the measurements in Sanabis using our gauge meter
for RF radiation.
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2- Photos of the display of the measurements in Al Hidd-1 using our gauge
meter for RF radiation.
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3- Photo shows how we conduct long term measurement in Samaheej (Al
Muharraq).
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4- Photo shows how we conduct long term measurement in Maqabah (Northern
Governorate).

5- Photo shows how we conduct long term measurement in Ras Al Rumman
(Capital).
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Appendix 3: The street map of Karbabad.

Base Station

® |
Map oresred by Ministy of Murcoy Afars o
Municipal GIS

Information Systems Directorate
Ministry of Municipalities and Agriculture Affairs

11/m —l

From website:

http://www.ma-investment.gov.bh/website/discover bah/viewer.htm
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Appendix 4: The relation between the power density and the horizontal

distance from two different mobile phone’s base stations.

The measurements of RF radiation from a mobile phone’s base station.

: Power Density | Power Density
# Distance (m) dBm (W /mz) (W /sz)
1 50 -30 0.00012 0.012
2 100 -25 0.00038 0.038
3 150 -30 0.00012 0.012
4 200 -34 0.000048 0.0048
—
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Variation of the power density from a mobile phone’s base station with horizontal distance

The measurements to the south of southern base station.

Variation of the power density from a mobile phone’s base station with horizontal distance

. Power Density [ Power Density
# Distance (m) dBm (W /mz) (LW /sz)
1 50 -34 0.000048 0.0048
2 100 -30 0.00012 0.012
3 150 -34 0.000048 0.0048
0.014 -
“€ 0.012 1
(%)
2 001
£ 0.008
2
8 0.006
[a)
5 0.004 -
3
O 0.002 -
O T T T i |
0 50 100 150 200
Distance (m)

The highest power density is at 100m from the source.
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Appendix 5: Measurement the Levels of Radiofrequency Field (RF)
Radiation from a Base Station Installed in the University of Bahrain.

o There are two base stations in the University of Bahrain, one is in the south near the

southern gate and the other is in west near the western gate (see Figure 1).

Figure 1: The two base stations in the University of Bahrain.

e For the southern base station we made 8 measurements, 4 in the south direction and 4

in the north direction (see Figure 2).

8 -0--@
m% &
42bh o
T4 1
z [

Figure2: The measurements of the power density at different horizontal distances in the
southern base station.
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The maximum recorded value was 327.5 nW/m? at horizontal distance 300 m to the north

which is 0.82% of the ICNIRP exposure limit according to the device and 0.3275%

according to PCPMREW exposure limit (see table 1 and 2).

Table 1: The measurements to the south of southern base station.

Horizontal % of ICNIRP % of
Distance | dBm | pW/m? nW/em? exposure limit| PCPMREW
(m) (device) exposure limit
2-S 50 -40 3.73 10.000373 0.08 0.00373
3-S 100 -39 5.56 [ 0.000556 0.1 0.00556
4-S 150 -41 3.24 [0.000324 0.08 0.00324
5-S 200 -39 5.30 | 0.00053 0.1 0.0053
6 e el e . R TR
34
i
$
S
0 T T T T 1
0 50 100 150 200 250
Distance (m)

Figure 3: Variation of the power density with horizontal distance at the north of the southern
base station at the University of Bahrain.

Table 2: The measurements to the north of southern base station.

Dot % of ICNIRP % of
dBm | pW/m? puW/em? exposure PCPMREW
(m) i . AL
limit (device) | exposure limit
1-N 100 -30 37.55 [0.003755 0.28 0.03755
2-N 200 -29 49.06 | 0.004906 0.32 0.04906
3-N 300 -21 3275 |- 003275 0.82 0.3275
4-N 400 -30 41.34 | 0.004134 0.29 0.04134
350 e
€ 300
2 250 1
2 200 |
§ 150
5 100
5 50 .
i 0 1(I)0 2(I)0 360 460 ;OO
Distance (m)

Figure 4: Variation of the power density with horizontal distance at the south of the southern
base station at the University of Bahrain.
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Appendix 6: The relation between the RF radiation from mobile base
station and the vertical distances.

4
4
L 4
3
a
= @
- =
[ )
= 93
2 5 3
1
L 4 *
Distance =50 m
Vertical Power Density
# Distance (m) dBm (WW/m?)
1 1.5 -28 69.59
2 5 -22 267.64
3 8.5 -15 1330
4 12 -10 4090

Table 1: The variation of power density when the vertical distance changes.
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The Abstract in Arabic Language
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