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ABSTRACT

This thesis entitled “RF and Microwave Radiation Safety Study and Assessments” is aimed to study microwave radiation (namely, from cellular base stations around some pin areas of Kathmandu valley) exposures and its analysis comparing with some major safety standards. The thesis first identifies the problem related to the health hazards due to the Electromagnetic Radiation (EMR). Limiting exposures to harmful EMR are then studied in both theoretical and observational approaches. The research then focuses on the analysis of the actual measurements taken on different sites, namely of Lalitpur District. The different places were chooses on the basis of Radio Frequency (RF) sources and public access. RF field strength probe along with a Global Position System (GPS) were used to map the radiation intensities over the corresponding geo-location and record the EMR levels. The obtained results are presented in the form of both digital maps and statistics. Also, in a separate study, a spectrum analysis is performed to quantify the EMR of each local radio transmitters. The obtained observational statistics are analyzed comparing with different international standards; and radiations over the observed domain found within the safety margins. Analytical analysis however shows some excessively radiating zones 
where safety precautions are necessary especially for longer exposures. The study finally, outlines some recommendations that need to be formulated by concerned authority to standardize and regulate RF radiation safety exposures.
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CHAPTER 1 INTRODUCTION 
During the last decade we all have witnessed rapid growth of the mobile communications. As the mobile telecommunication systems are tremendously growing all over the world then the numbers of handheld and base stations are also rapidly growing and it became very popular to see these base stations distributed everywhere in the neighborhood and on roof tops which has caused a considerable amount of panic to the public concerning wither the radiated electromagnetic field from these base stations may cause any health effect or hazard. In some countries, this has led to demands for “mobile phone free zones”, where no base stations should be permitted, and also to requests for reduced exposure limits or other precautionary approaches. A recent study [1] explores these local issues in some points of Kathmandu valley with field studies1.
It has been found in a survey that a new wireless subscriber signs up every 2.5 seconds around the world. Due to this rapid development, there has been increasing public concerns about the possible adverse health effects of electromagnetic emissions from such cellular mobile Base Stations (BS). It is thus necessary to carry out the electromagnetic compatibility assessment to identify whether the level of emission due to the BS represents a risk for human health from the thermal point of view. The actual effects are still unknown. Scientific evidences gathered so far are conflicting and inadequate to prove the casual relationship between the health effects and exposure to the radiation at very low level. Hence, microwave exposure assessment is necessary to determine its compliance with some of major international safety limits in the country [2]. It is the aim of this research to highlight some of these problems.
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1 Study is sponsored by University Grant Commission (UGC) Nepal under the title of “Safety Concerns of Microwave Radiation over Mobile Base Stations: Case Studies around Kathmandu Valley”.The author of this proposal is also a member of this research project. 

1.1 Background
In today’s scenario of Nepal, due to the lack of guidelines to which the service providers should comply with, we can easily find haphazard and unplanned installation of different kinds of antennas and Base stations mostly on the rooftops of buildings. Currently there are three established Mobile Service providers in Nepal with significant amount of market penetration, they are: Nepal Telecom (NT), Ncell and United Telecommunication Ltd. (UTL). NT with more than one million subscribers has currently deployed more than 850 BS in Kathmandu and 1200 BS across the country. Similarly SNPL having nearly the same number of user as that of NT has deployed 400 BS in the capital and the number of BS in case of UTL is 324 in the capital, giving rise to a staggering total of 1324 BS only in Kathmandu. This   indeed is a very large number for a small city like Kathmandu. This rapid growth and thick concentration of BS and their unplanned installations in Nepal especially in Kathmandu as shown in Fig. 1.1  have not only raised concerns and questions regarding health issues but also the fact of degrading Grade of Service (GoS) since the service providers install the BS wherever they feel comfortable rather than complying with the cellular design. 
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Figure 1.1 BTS Locations of NDCL GSM and Ncell in Kathmandu Valley. 

This is because the house on top of which the antenna of the base station is mounted is compensated by certain remuneration and uninterruptible power supply and this has caused unhealthy practices during the installation of BS and therefore the actual site of the base station goes a little deviated from the real cellular design. This whole situation simply degrades the Quality of Service and hence the GoS due to the inability of the BS to meet the design criteria.

In relation to this public perception, some relevant issues and questions related to exposure to electromagnetic fields from base station antennas are:

• What levels of exposure to radiofrequency fields are found in the general environment or in the vicinity of base stations?

• How does the increased deployment of antennas relate to exposure levels?

• Do these exposures to electromagnetic fields from base station antenna comply with standards and regulations?
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Figure 1.2 Snapshot of mobile tower placed in front of residential house in New Baneshwor, Kathmandu.
Therefore, taking a look at the present scenario one may raise a very important and serious question, “Are we safe from the EMR from the Mobile BS”?

The answer to this question is provided by this proposed research that is investigating the health risk associated from the BS EMR with reference to the international guidelines. 

1.2 Objectives
The main aim of this research is to:

· Determine the intensity and exposure levels of EMR around the vicinity of a Mobile BS.

· Compare and investigate the obtained results of EMR levels from BS with reference to the international standard guidelines.

· Analyze the obtained results of EMR levels as to what extent the present EMR levels comply with the standard guidelines. 

· Prepare recommendations on radiation safety standard by incorporating the result of this study along with international standards.

1.3 Organization of Report
This thesis begins from the introduction of current scenario of Microwave and RF radiation in Nepal especially in Kathmandu, objectives of thesis followed by organization of report. The main report first gives a brief description of Electromagnetic radiation, GSM mobile telephone systems and base stations, emphasizing some properties of these systems that may have an influence on the outcome of measurement activities. The rationale, design and reporting of measurements are then discussed. The existence and variations in different regulations, standards and recommendations are described, followed by an evaluation of measurement data in terms of science based standards. The report ends with some conclusions and recommendation. 
CHAPTER 2 METHODOLOGY
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The methodologies involve the following work as shown below in block diagram.
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Figure 2.1 Methodology flow diagrams.
The methodology is started with literature review and data is collected by field survey and the power level of the collected data is compared with the standard data. The algorithm has been tested using analytical and Spectral measurement method. The result obtained has been analyzed. And finally recommendation is made on the basis of those outcomes. 
Theoretical data is taken from one of the paper as discussed below which is used for the comparison purpose which shows power density measured at different position in front of the BSA whose operating power of 6W and a maximum dimension of 0.5m. 
During data collection through Field survey there are some variables which were considered such as Range, Power, time, Frequency etc. In this process a series of RF-EMF measurements in the form of electric field at the vicinity of several mobile telephone base stations at different place of Lalitpur district. The devices used for measurement of power density is Power Meter and a GPS receiver from GARMIN is used to determine the position which receive signal from both GPS and GLONASS for higher accuracy.
In Algorithm test, three models are used in Analytical methods which are discussed later.
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Figure 2.2 Analytical method flow diagrams.
The Far-Field model assumes a spherical area of illumination which assume the antenna to be a point source and is valid only for the far field region defined by a distance greater than 2D2/λ from BSA. The Cylindrical model considers a cylindrical area which cannot assume the antenna to be a point source and is defined by distance very close to the BSA such as distance less than 2D2/λ from BSA. Where D is the maximum dimension of BSA and λ is the wavelength of the radiation. In Non-Vanishing area the dimension of the physical antenna being considered is finite and Non-Vanishing. 
In Spectrum measurement method, Spectrum Analyzer is used to measure the power density at different frequency between 50 MHz to 3 GHz to verify the result coming from power meter.
The analysis of theoretical and field observed data is done using different tools such as Matlab, GIS plot etc. and finally recommendation is made on the basis of analysis and result. 
CHAPTER 3 LITERATURE REVIEW
3.1 Electromagnetic Radiation

Electromagnetic radiation is defined as waves of electric and magnetic energy that are transmitted through space and travelling at the speed of light. The area where these waves are found is called an electromagnetic field (EMF), which is made up of both an electric and a magnetic fields. Electric fields are created from static electrically charged particles. If these electrically charged particles are put into motion through a conductor, magnetic fields are then also created from the resulting electric current. For example, plugging in an electric appliance will create an electric field; however, it is only when the appliance is turned on and electricity flows that a magnetic field is then also created. 
Electromagnetic radiation is measured in units of wavelength and frequency. The wavelength is the distance that a wave travels in one cycle and is measured in meters. The frequency is measured by the number of cycles per second and the unit of measurement is the Hertz (Hz). One cycle per second equals one hertz. The frequency of the wave is inversely related to its length: the higher the frequency, the shorter the wavelength [3].

Figure 3.1 Example of Electromagnetic wave.
Electromagnetic fields are present everywhere in our environment and are produced by both man-made and natural sources are in [4]. For example, the main source of electromagnetic radiation is the sun, while other man-made items—such as hair dryers, electrical ovens, fluorescent lights, microwave ovens, stereos, wireless phones and computers all produce electromagnetic fields of varying intensities. Radio waves and microwaves emitted by transmitting antennas are one form of electromagnetic energy.  They are collectively referred to as “radiofrequency” or “RF” energy or radiation.  Energy is absorbed by the body in the form of quanta of energy i.e. E = h f, where ‘h’ is the Planck’s Constant (6.626068 × 10‐34 m2 kg / s) and ‘f’ is the frequency of radiation.
There are two types of radiation:

3.1.1 Ionizing radiation

Electromagnetic radiation with very high frequencies and short wavelengths is able to produce enough energy to cause ionization, that is, Ionizing radiation has enough energy to remove electrons from atoms or molecules (groups of atoms) when it passes through or collides with some material. The loss of an electron with its negative charge causes the atom (or molecule) to become positively charged. The loss (or gain) of an electron is called ionization and a charged atom or ion is called an ion. Ionization is a process by which electrons are stripped from atoms and molecules. Its interaction with matter can change chemical reactions in the body that leads to damage in biological tissues including effects on DNA, which is the building block of genetic material in the body. 

The boundary between ionizing and non-ionizing electromagnetic radiation is the frequency of visible light, which ranges between 430 and 750 terahertz (THz). Once electromagnetic radiation reaches a frequency higher than 750THz, it is then capable of breaking chemical bonds in biological tissue. Ionizing radiation can range in frequencies from 756 THz to 4.61 exahertz (EHz). Sources of ionizing electromagnetic radiation include ultraviolet light, X-rays, and gamma rays. Excessive exposure to these sources can cause serious adverse health effects in the human body, such as cancer. 
3.2 Non‐Ionizing radiation (NIR)

Electromagnetic radiations with low frequencies ranging up to 300 gigahertz (GHz) are called non-ionizing, meaning they do not breakdown chemical bonds in biological tissue, including DNA. However, non-ionizing electromagnetic radiation with low frequencies do produce electrical currents within the human body that could result in increases in body temperature. Increases in body temperature resulting from electromagnetic radiation are referred to by scientists as “thermal effects”. For example, radiofrequency (RF) electromagnetic radiation that usually ranges from 30 kilohertz (kHz) to 300 GHz are able to induce electrical currents within the human body, which can produce a range of effects such as heating and electrical shock, depending on their amplitude and frequency range. 
RF fields are mainly used in telecommunications, such as mobile phones and other home appliances, such as microwaves. Microwave electromagnetic radiation is considered by scientists to be a subset of radio frequency fields. It is important to note that some scientists have found that long-term exposure to low level RF electromagnetic radiation could potentially provoke biological and chemical changes within cells that could negatively influence people’s well being. These biological responses occur at the cellular level and do not involve heating. Scientists refer to them as “non- thermal effects” of RF and microwave electromagnetic radiation. However, these biological and chemical changes may not necessarily translate into adverse health effects. Meanwhile, extremely low frequency (ELF) electromagnetic radiation, which has a frequency of less than 100 kHz, is also able to induce electric currents within the human body, but these induced currents are lower than the electric currents found to be naturally occurring in the human body and therefore do not result in thermal effects. However, strong ELF electromagnetic radiation can produce nerve and muscle stimulation. ELF electromagnetic radiation can originate from electrical wiring in buildings, electrical appliances and power lines. Some epidemiological studies have suggested increased cancer risk associated with estimates of magnetic field exposure near electric power lines.
Non-ionizing radiation includes the spectrum of ultraviolet (UV), visible light, infrared (IR), microwave (MW), radio frequency (RF), and extremely low frequency (ELF). It does not have sufficient energy to cause ionization in living matter. For GSM mobile, the frequency is 900 MHz or 1800 MHz so the energy absorbed is 4 or 7 μeV so these radiations are non-ionizing.


Figure 3.2 Electromagnetic Spectrum
The electromagnetic spectrum can be subdivided into several ranges, classified according to the frequencies of the fields. At sufficiently high frequencies (energies), the radiation is capable of breaking the bonds between atoms and electrons; hence such radiation is named ionizing radiation. Non-ionizing radiation (with energies too small to ionise atoms) comprises electric, magnetic and electromagnetic fields, as well as optical radiation (infrared radiation, visible light and ultraviolet radiation). 

[image: image41.emf]
Figure 3.3 Electromagnetic spectrum (Source: www.pts.se )
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Figure 3.4 Allocation of frequencies between 30 MHz and 2 GHz.
For telecommunication purposes, radiofrequency fields between a few MHz to some GHz are of particular interest. Within this range, numerous broadcasting sources in addition to mobile telephony can be found, such as radio and television systems and commercial communication radio systems. Frequency Modulation (FM) radio transmitters at some 100 MHz and Ultra high frequency (UHF) television broadcasts at around 800 MHz are some examples of high-power sources in this range. Other frequencies may be used for industrial purposes (e.g. at 27 MHz and 2.45 GHz), which sometimes may cause a substantial local exposure to workers. The allocation of different frequencies is strictly controlled, internationally by the International Telecommunication Union (ITU), and nationally by various agencies. An example of the frequency allocation between 30 MHz and 2 GHz is given in Fig. 3.4.     
3.2 Mobile Communication Services and Regulations in Nepal

3.2.1 Ministry of information and communication

The Ministry of Information and Communications (MoIC) in its present name was formed in the year 2049 BS. The ministry widely covers postal services, telecommunications, broadcasting, press and information and film development [24].

Its main objective is to develop and expand the information and communication sector up to the rural level in the form of infrastructure for social and economic development through wide spread participation of the private sector as well with emphasis on the dissemination of information and communication technology.

Though it is the responsibility of MOIC to develop guidelines for compliance of the reference limits/levels for exposure for general public in respect of electromagnetic emission, it neither includes this as mandate nor as its main duties and responsibilities.
3.2.2 Nepal Telecommunications Authority

Nepal Telecommunications Authority (NTA) is the telecommunications regulatory body of Nepal. It is an autonomous body established on February 1998 in accordance with Telecommunications Act of 1997 and Telecommunications Regulation of 1998. Its objective is to create a favorable and competitive environment for the development, expansion and operation of telecommunications services with the private sector participation in Nepal. 

Besides granting Licenses to operate the telecommunications service, NTA has neither policy related to EMF radiation nor developed any guidelines.
3.2.3 Mobile operators in Nepal
In Nepal, the use of cellular mobile telephony has increased dramatically since the first services appeared in the beginning of 1999. There are six telecommunication operators providing circuit switched voice service in Nepal viz. Nepal Doorsanchar Company Limited (NDCL) also known as Nepal Telecom, NCell, United Telecom Limited (UTL), Nepal Satellite Telecom Pvt.Ltd. (NSTPL), Smart Telecom, STM Telecom Sanchar Pvt. Ltd. Market share of each of the company is estimated to be around 51 % by NDCL, 43% by NCell and 4 percent by UTL [25].

Nepal Telecom is the leading and the largest government owned telecommunication company of Nepal. A former government monopoly, it was converted into a public limited company on April 14, 2004. Nepal Telecom was the only provider of basic telephony services in Nepal until UTL started providing services in 2003. It is the sole provider of PSTN, ISDN and Leased-Line services in Nepal. Following the entry of NCell into Nepal's telecommunications industry in 2005, it is no longer the only provider of GSM service. With around 7000 employees, it is one of the largest corporations of Nepal. It has a total 850 BTS in Kathmandu and 1200 BS across the country with more than 5,214,995 GSM cellular phones and 858,273 Code divisions multiple access (CDMA) phone line as of August 2011[25].

NCell Pvt. Ltd (known as Spice Nepal Private Limited earlier) was established in 2004 as the first private operator of mobile communication services in the GSM standard in Nepal. The services were commercially launched under the Mero Mobile brand on September 17, 2005. As of 2010, it has been operating under the NCell brand. “N” stands for Nepal. Ncell has been part of TeliaSonera, a leading European telecommunication company since October 2008. By the end of Aswin 2068 Ncell has 400 BTS in the capital and 5,846,365 subscribers [25].

UTL is the second private sector wireless phone service provider in Nepal. The company had started its services in Kathmandu Valley from October 2003. The company has extended its services to 44 districts and has alone 324 BTS in the capital. By the end of Aswin 2068 UTL has 578,435 subscribers [25]. 

So there is almost 1324 BTS only in Kathmandu. This   indeed is a very large number for a small city like Kathmandu. According to NTA report, there are 13,845,450 mobile users in Nepal. This increased use of mobile phones has led to an increased deployment of base stations and antennas. 

3.3 Mobile Telephone System

The mobile (cellular) phone system works as a network containing base stations. Within each cell, a base station including system can link with a number of handsets namely mobile phones. The mobile phones and the base stations communicate with each other, sharing a number of operation frequencies. Other transmission links connect this base station with switches connecting to base stations in other cells, or with switches connected to conventional phones. The cell exists in order to permit re-use of frequencies – the same frequency can be used in different cells (given a sufficient distance). 


Figure 3.5 Structure and RF link used for communication between mobile and base stations.
The outdoor base station antennas may be mounted on the roof or walls of buildings or on free standing masts. The size of the cells may vary, from several kilometers (in rural areas with low traffic density) down to some 10-100 meters (in high traffic density areas in cities). Small indoor cells occur, using either normal mobile telephone systems such as GSM, or systems for cordless telephony like Digital Enhanced Cordless Telecommunications (DECT).

A particular base station may operate several channels (typically 2 or 3), where each channel uses a specific set of frequencies, one for the uplink and one for the downlink. Depending on technique, each channel at the same time can handle communication from one or several active handsets. The typical power emitted from outdoor antennas is between 5 and 10 W per channel, which means that the total power from a base station could amount to some 50 W depending on the number of channels varying with time depicted as in Fig. 3.6.
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Figure 3.6 Example of a base station showing number of Radio transmitters.
 3.4 Exposures from Base Stations

Mobile phone base stations are radio transmitters with antennas mounted on either freestanding masts or on buildings. Radio signals are fed through cables to the antennas and then launched as radio waves into the area, or cell, around the base station. A typical larger base station installation would consist of a plant room containing the electronic equipment as well as the mast with the antennas as shown in Fig. 3.6.
A single control channel from each base station is always transmitting with essentially a constant power independent with the traffic intensity. Other traffic channels function whenever the traffic requires, and may also use a power regulation system as shown in Fig. 3.7. Accordingly, the emitted power from a base station may vary over the day and week from a minimal power of say 10 W with low to modest traffic, to perhaps up to 5 times that level at peak traffic in the case of four traffic channels in addition to the control channel.
The GSM 900 system allocates two frequency bands of 890 to 915 MHz for the uplink i.e. mobile phone to base station and 935 to 960 MHz for the downlink i.e. base station to phone. The downlink of a particular channel is 45 MHz higher than the uplink (duplex operation). The GSM1800 system uses bands of 1710 to 1785 and 1805 to 1880 MHz, respectively. 

Figure 3.7 GSM signal waveform.
Base stations in areas of less number of mobile phone users may only have one transmitter connected to their antennas; hence, they will transmit only at a single frequency. Base stations in busier areas may have up to ten or more transmitters connected to their antennas, allowing them to transmit on several frequencies at the same time, and to handle communications with many mobile phones.
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Figure 3.8 Example of 24-hour variation in emitted power from a 3-channel base station [data from Wiart (2001)].
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 and also to cover cells with difficult ground terrain.

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. 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.

Depending on the location of the base station and the level of mobile phone usage to be handled, base stations may be anything from only a few hundred meters apart in major cities, to several kilometers apart in the countryside.

3.5 EMF Exposure Zone

All exposures to EMF pertain to one of the three zones shown in Fig. 3.9.
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Figure 3.9 Figurative illustration of EMF exposure zones.
3.5.1 Compliance zone

 In the compliance zone, potential exposure to EMF is below the applicable limits for both controlled/occupational exposure and uncontrolled/general public exposure.

3.5.2 Occupational zone

In the occupational zone, potential exposure to EMF is below the applicable limits for controlled/occupational exposure but exceeds the applicable limits for uncontrolled/general public exposure. 

3.5.3 Exceedance zone

In the exceedance zone, potential exposure to EMF exceeds the applicable limits for both controlled/occupational exposure and uncontrolled/general public exposure.

3.6 Types of Base Station

There are many different types of base stations used by operators and it is not always easy to categorize them firmly as macro cell, microcell or picocell. Categorizations tend to be based on the purpose of the site rather than in terms of technical constraints such as radiated powers or antenna heights.

Macro cellular base stations provide the main infrastructure for a mobile phone network and their antennas tend to be mounted at sufficient height to give them a clear view over the surrounding geographical area. For this reason they tend to be obvious, particularly for the older sites with freestanding steel lattice towers.

For a low-capacity base station with only one transmitter, the radiated power does not vary over time, or with the number of phone users. Up to seven phone calls can be handled simultaneously by such a base station. With larger capacity base stations having multiple transmitters, the output power can vary over time and with the number of calls being handled. One of the transmitters will transmit 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 macro cellular base station with ten watts of transmitting power could vary between a minimum of 10 W and a maximum of 100 W over some time span. Microcellular base stations tend to operate at lower power levels around 1-2 W and have fewer transmitters because of their smaller coverage areas.

3.7   Beam Shapes and Directions

An antenna does generally have some directionality. Omni antennas radiate in every direction (seen horizontally), while sector antennas effectively only radiate in a (horizontal) sector. This will permit increased re-use of frequencies, as it will reduce interference – accordingly, most base stations in high traffic density areas such as cities are of the sector type. The preferred sector antenna gain is between 10 and 20 dBi – this means that the emitted power may be between 10-100 times stronger in the intended directions compared to an omni antenna, while it will be correspondingly weaker in other directions. In addition to this horizontal directionality, the antenna lobe will also have a strong vertical directionality, with a fairly narrow beam, which is often tilted slightly downward as shown in Fig. 3.10. 


Figure 3.10 Example of beam shape and propagation direction from a typical base station with sector antenna.
3.8 Power Radiated from Base Stations

The power assigned to given base station is determined from its coverage and capacity requirements; however the operator’s desire to use the licensed spectrum as efficiently as possible will tend to minimize power used in every cell.

Published standards for base station transmitters provide specifications for the manufacturer. A variety of different power classes are defined in GSM standard [21]. It should be noted that these are the power at the output of transmitter and should not be confused with the power radiated by the antenna.

Table 3.1 Output powers from GSM 900 and GSM 1800 base stations transmitter as defined in the GSM phase 2+ technical standards (Source: www.etsi.org)
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3.8.1 Total radiated power

Base stations often contain more than one transmitter and the outputs of each transmitter are combined before being fed via cable to the radiating antennas. When the signals are combined, the radiated power would ideally be equal to the sum of output powers from the transmitters, but some loss occurs in the combiner and connecting cables. This combiner loss is generally between 4 to 6 dB. So the power radiated by antennas will be less than half of that produced by the transmitters.

The power density formed in the beam from a base station depends upon the radiated power and on the gain of the antenna. The product of the power radiated and the antenna gain is known as effective isotropic radiated power (EIRP) and is usually quoted in decibels relative to a milliwatt (dBm). By the convention, the EIRP is quoted in terms of the power radiated by a single transmitter and this should be taken into account when calculating total radiated power.

The licenses allocated to the operators by the Agency stipulate that no more than 62dBm EIRP may be radiated (per transmitter). This arises from the consideration associated with the possibility of interference with other electrical equipment in the environment, and is not related to electromagnetic field safety.

3.9 Effect of EM Radiation and Standard
In order to assess the electromagnetic compatibility from BTS with the human body there are certain factors based on which the risk associated to human health from such BS is analyzed. These factors are entirely derived from the interaction of electromagnetic field and human body. The radio waves penetrate exposed tissues and cause thermal biological effects. 

RF radiation can cause the heating of tissues that leads to an increase in the body temperature. This is known as the thermal effect. Although the body has its effective ways of regulating its temperature, nevertheless, if the RF exposures are too high, the body may no longer be able to cope. There is some discussion about other effects caused by RF radiation other than by thermal effect which is in [5]. However, no evidence is established yet. The scientific community and international bodies acknowledge that further research is needed to improve our understanding in some of these areas. At the moment, there are insufficient and inconclusive scientific findings to prove any adverse health effects caused by RF radiation [6].
EMR is absorbed by the body in the form of quanta of energy. The quantum energy of radiation at 900 MHz and 1800 MHz equals 4 and 7 µeV respectively. ( This is given by the formula: E = hγ, E being the quanta energy, h being the Planck’s constant and γ being the frequency of EM wave). These values are extremely small compared with the energy of around 1 eV needed to break the weakest chemical bonds in genetic molecules Deoxyribonucleic acid (DNA). Therefore, GSM radiations cannot ionize atoms and molecules and is described as Non Ionizing Radiation (NIR). Ionizing radiations on the other hand are those EM waves operating at higher frequencies and so possessing higher energy. 

Despite these facts of the non ionizing EMR, these are harmless only at lower intensities [13]. Indeed, they are equally harmful as ionizing radiations at higher intensities due to their heating effects which can also be seen in microwave oven. This heating effect is analyzed in terms of Specific Absorption Rate (SAR) [SAR is the energy absorbed by a particular mass of tissue (m) given by mσE2/ρ, where σ and ρ are respectively, the conductivity and density of the tissue and E is the rms value of the electric field [9]. For example SAR produced by a particular value of electric field is larger in children than in adults because their tissue normally contains larger number of ions and so has a higher conductivity [14].

In accordance with World Health Organization (WHO) “considering the very low exposure levels and research results collected, there is no convincing scientific evidence that the weak radio frequency (RF) signals from cell phone towers and wireless networks cause adverse health effects”. Mobile phones communicate by transmitting radio frequency waves are electromagnetic fields, and unlike ionizing radiation such as X-rays or gamma rays, cannot break chemical bonds nor cause ionization in the human body. However a number of studies have reported the link between exposure to radio frequency radiation and occurrence of health disorder i.e. effect on cell growth, cell differentiation, DNA, immune system, hormonal effects, reproduction, neurological, cardiovascular systems, blood brain barrier, interference with gadgets, stress proteins, skin, sleep disorder etc [15-21]. 

3.9.1 Standards and limitations
The main concern of RF exposure has started some sixty years ago where several national and international standards, regulations and recommendations for RF energy exposure were developed for both the general public (unconditional exposure) and those who are working with this field (occupational exposure). These exposure guidelines are usually similar and are based on the thresholds for known adverse effects and they have a margin of safety in order to protect people from the health effects of both short and long term exposure to EMF [8]. Some of these standards were organized and developed by the following organizations;

1) World Health Organization (WHO) [8]

2) International Commission on Non-Ionizing Radiation Protection[9]

3) Federal Communications Commission (FCC).

4) Institute of Electrical and Electronic Engineering (IEEE).

5) Environmental Protection Agency (EPA).

6) Food and Drug Administration (FDA).

7) American Cancer Society (ACS)

8) National Institute for Occupational Safety and Health (NIOSH).

9) Occupational safety and Health Administration (OSHA)

10) National Council of Radiation Protection and Measurements (NCRPM).

11) Australian Radiation Protection and Nuclear Safety Agency (ARPNSA).

The importance of WHO is that it has established the “International EMF Project” to review the scientific literature concerning the biological effects of electromagnetic fields. The main aim of this research is to provide a frame work for the international harmonization of RF safety standards [8]. The ICNIRP is considered as the most important organization specifying radio frequency EMF limits due to the following items [9]

a) ICNIRP guidelines were published in 1998.

b) Limits are based on all available scientific research and include large safety margins.

c) Limits are set to protect all people from established adverse health effect from short and long term exposure.

d) Specifies limits for both general public and occupational exposure.

e) Endorsed by WHO.

When the distance to the radio transmitter is in the far field (greater then few wavelengths, i.e., around one meter for RF), safety limits are usually expressed as field strength. The field intensity is usually applied to exposure from base stations. Since RF waves have both electric and magnetic components, the electric field strength is measured in volts per meter (V/m) and the magnetic field is measured in amperes per meter (A/m). A commonly used unit to characterize the RF electromagnetic field is the plane wave power density (PD) especially at the far field. This density is defined as the power per unit area; it may be expressed in terms of watts per square meter (W/m²), milliwatts per square centimeter (mW/cm²) or microwatts per square centimeter (μW/cm²). For the case where the exposure is local (RF is transmitted from the mobile phone and hence closer to the user), the highest power absorption per unit mass in a small part of the body must be used and compared with the recommendations and standards. SAR is the quantity used to measure this amount of RF energy and it is expressed in units of watts per kilogram (W/kg) or milli watts per kilogram (mW/kg).

The Maximum Permissible Exposure (MPE) recommended for power density is based on the threshold SAR value. However some guidelines may vary from each other for different operating frequencies. Actually, Whole-body human absorption of RF energy varies with the frequency of the RF wave [22]. The frequency range of 30-300 MHZ is considered as the resonance range to human body where it absorbs the energy efficiently when the whole body is exposed [22]. The Maximum Permissible Exposure (MPE) limits adopted by FCC in 1996 for both occupational and general public exposure expressed in terms of electric field strength (E, V/m) and magnetic field strength (H, A/m) and power density (S, W/m2) for a wide frequency range are given in Fig. 3.11. Similarly, the ICNIRP limit is given in Table 3.4. The details of the MPE for both ICNIRP and FCC are given in [9] and [23] respectively. In the far field of a transmitting antenna (plane wave case) the magnetic field may be given as E/377 and the power density is calculated as S= E2/377.

Table 3.2 SAR limits recommended by ICNIRP

	Exposure Characteristics
	Frequency Range
	Whole-body Average SAR(W/Kg)
	Localized SAR (head and trunk) (W/Kg)
	Localized SAR (limbs) (W/Kg)

	Occupational Exposure
	100 KHz - 10 GHz
	0.4
	10
	20

	General Public Exposure
	100 KHz - 10 GHz
	0.08
	2
	4


Table 3.3 SAR limits recommended by IEEE

	Exposure Characteristics
	Frequency Range
	Whole-body Average SAR(W/Kg)
	Partial-Body  (W/Kg)
	Hand, wrist, feet and Ankle (W/Kg)

	Occupational Exposure
	100 KHz – 6 GHz
	0.4
	8
	20

	General Public Exposure
	100 KHz – 6 GHz
	0.08
	1.6
	4


Table 3.4 Reference levels for general public at 900 and 1800 MHz

	International health based guidelines

Document
	900 MHz  Limits 

Electric Field V/m
	900 MHz  Limits 

Power Density W/m2
	1800 MHz Limits Electric Field V/m
	1800 MHz Limits Power Density W/m2

	ICNIRP, 1998
	41.25
	4.5
	58.3
	9.0

	IEEE 1999
	47.6
	6.0
	67.3
	12


Table 3.2 and Table 3.3 are the limits in terms of SAR defined by the ICNIRP and IEEE respectively. These are the values of SAR or electric field and power density, which when exceeded brings health hazards to the general people. However our proposed research will investigate in terms of the reference levels at 900 and 1800 MHz given by Table 3.4 rather than the SAR values (due to its experimentation and analysis complexity). So from the investigation, if the Electric Field or the Power Density for a BS is not well below the value prescribed by the ICNIRP or IEEE, then we can claim that there is certainly health risk associated to the general people.
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Figure 3.11 The FCC recommended RF exposure limits.
	Hungary/ Hungarian Standard Institution 
	Hungary, 1986
	6.1 
	0.1 
	6.1 
	0.1 

	National guidelines based on precautionary approaches 
	

	​​
	Belgiuma 
	20.6 
	1.1 
	30 
	2.4 

	Italy/ Ministry of Environment 
	Italy 1, 1998b 
	20 
	1.0 
	20 
	1.0 

	Italy/ Ministry of Environment 
	Italy 2, 1998b 
	6 
	0.1 
	6 
	0.1 

	Switzerland/Schweizer Bunndesrat 
	NISV, 1999 
	4 
	0.04 
	6 
	0.1 

	Local recommendations, based on precautionary approaches 
	

	Austria Local 
	S vorGW 1998 
	0.6 
	0.001 
	0.6 
	0.001 


CHAPTER 4 RF FIELD MEASUREMENTS AND ANALYSIS
It is expected that operators providing a particular telecommunication service use a limited set of antennas and associated equipment with well-defined characteristics. Installation and exposure conditions for many emitter sites are likely to be similar.

The test procedure will comply with ITU-T Recommendations K.52 (2004): "Guidance on complying with limits for human exposure to electromagnetic fields" and K.61 (2003), "Guidance to measurement and numerical prediction of electromagnetic fields for compliance with human exposure limits for telecommunication installations". 

Evaluation of EMF for telecommunication installations is considered as follows:
(1) Numerical Calculations Method

 
(a) Prediction of RF Fields.

(b) Determination of EIRP.
(ii) Field survey and Measurement Approach.
4.1 Models for the Calculation of Power Density and the Limiting Distance

For this analysis, three simple models for calculating power density and hence the exclusion zones around a GSM base station antenna (BSA) are described. The limiting distance for the exclusion zones are also calculated in accordance with the threshold power density values given by the ICNIRP guidelines. 
4.1.1 Far field model
The power density (S) at a distance d from a BSA is given by: 
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Where P is the power and G is the gain of the BSA [26]. The term 4(d2 represents the area of a sphere illuminated by antenna radiation at a distance d from the BSA so it assumes the antenna to be a point source. This model is valid only for the far field region defined by a distance greater than 2D2/(, where D is the maximum dimension of the BSA and ( is the wavelength of the electromagnetic wave (EMW) being radiated by the BSA. For a typical BSA with the largest dimension of 1.4 meters and the operating frequency of 900 MHz, the far field distance is around 12 meters and therefore this model is valid only beyond this distance.
If Slim represents the limiting threshold value of the power density, then the limiting distance, dlim can be calculated from equation (1) as:
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This limiting distance dlim constitutes the exclusion zone where the power density is higher than the threshold value and there is a risk of health hazard if entered into this zone.
4.1.2 Cylindrical model
In the near field (distance less than 2D2/( from a BSA, a distance very close to the BSA), the BSA cannot be assumed to be a point source and the illuminated area cannot be considered to be spherical. For a vertical collinear dipole antenna commonly used in cellular communication, this model considers a cylindrical area close to the antenna for estimating the power density. With this model, spatially averaged power density parallel to the antenna can be estimated by dividing the net antenna input power by the surface area of an imaginary cylinder surrounding the length of the radiating antenna [27]. Then, the average value of the power density near the array is given by: 
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 L being the antenna length, R is the distance from the antenna and P is the antenna net input power. Therefore for sector type antenna, the power density is given by: 
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Where (BW is the azimuthal 3-dB beam width in degrees. Equation (2) is valid for R>D2/4( [27], D being the antenna length and ( being the wavelength. As the distance from the antenna increases, this model over predicts the exposure level due to the fact that the percentage of the total power radiated through the lateral surface of the length (L) cylinder decreases.
4.1.3 Non vanishing area model
The far field model assumes a spherical area of illumination given by, A(r)=4(r2, where r is the distance from the antenna. As r becomes smaller, A(r) also becomes smaller and tends to be zero as r approaches zero, but in reality this behavior is not true since the dimension of the physical antenna being considered is finite and non-vanishing [28]. To overcome this error, the following formula for the power density calculation has been proposed in [28].
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Where h and w are the height and width of the antenna respectively.
4.1.4 Measurement data

Different types of antennas are used in cellular communication system depending upon the types of cells. The BSAs of concern are the rooftop antennas and antennas on the building walls in the urban environment where people and workers can have easy access to the direct beam of the antenna. In [29] measurement data for such BSAs have been given and is used here for the comparison purpose. The data in Table 4.1 shows power density measured at different position in front of the BSA. This BSA has an operating power of 6 W and a maximum dimension of 0.5 m.
Table 4.1 Measurement data for the BSA with operating power of 6 W, frequency 900 MHz and  maximum dimension of the antenna (height)=0.5 m. [29]

	Distance(m)
	.5
	1
	1.5
	2
	2.5
	3
	4
	5
	6
	7
	8

	Power (W /Sq. m)
	25
	9.2
	4.5
	2.1
	1.4
	1.2
	0.9
	0.6
	0.3
	0.25
	0.21


4.1.5 Results and discussion

All the models explained in the above sections have been implemented in MATLAB and the results are compared. Fig. 4.1 shows the comparison among the three models. At a distance far away from the BSA, the cylindrical model overestimates, whereas at a closer distance to the BSA, both the far field and non vanishing area models over predicts the exposure level. At a distance very close to the antenna, only the non vanishing area model gives a finite power density value as expected. For the antenna height of 1.71 m and frequency of 900 MHz, the far field distance is around 17.54 m.
Figure 4.1 Comparison of the three models for BSA with input power of 100 W, heights= 1.71 m, width=0.16 m, Gain=16.5 dBi, azimuthal 3 dB beam width=60 degrees.
The thick horizontal solid line in the figure represents the maximum threshold value of the power density given by ICNIRP. It is observed that the limiting distance given by the cylindrical model is 12.4 m, while both the far field and the non vanishing area models under predict it to be around 8.8 m, at this point the exposure level is actually higher than the threshold value.
Table 4.2 Limiting distance calculated from different models for various transmitting power of the BSA
	Power of BSA

(W)
	Limiting Distance (m)

	
	Far Field
	Non Vanishing Area
	Cylindrical

	10
	2.81
	2.62
	1.24

	20
	3.97
	3.84
	2.48

	30
	4.86
	4.76
	3.72

	40
	5.62
	5.53
	4.96

	50
	6.28
	6.20
	6.20

	60
	6.88
	6.81
	7.44

	70
	7.43
	7.36
	8.68

	80
	7.94
	7.88
	9.92

	90
	8.43
	8.37
	11.16

	100
	8.88


	8.83
	12.40


Table 4.2 shows the limiting distance for the exclusion zone for each model for various power levels of the BSA with the same parameters as in Fig. 4.1, with the far field distance of 17.54 m. As can be seen, the limiting distance and hence the exclusion zone given by cylindrical model is as high as 12.4 m when the operating power is 100 W. Both the non vanishing area and far field models have under estimated the exposure level. This is due to the fact that both these models assume spherical illumination area around the BSA which is not true in the near field region. (below 17.54m).
Figure 4.2 Comparison of the three models with the data of Table 4.1.
The horizontal line in Fig. 4.2 shows the ICNIRP threshold value of 4.5 W/m2. As can be seen even at the very low operating power of 6 W, the exclusion zone is found to be more than 1.5 m.
Fig. 4.1 and fig. 4.2 shows the comparison of the three models with the measured data. It shows how the power density decreases with the increasing distance from the BSA. 
The measured data were taken for a GSM900 BSA having a height of 0.5 m and an operating power of 6 W. The far field distance in this case is around 1.5 m., below this is the near field. Within this range the measured data is found to be very close to the cylindrical model. In this range the far field model over estimates as the distance from the antenna becomes less than 1m. At a distance very close to the antenna only the non vanishing area can give a finite value. In the far field region the measured data is close to the Far Field model and the non vanishing area model as expected. The fluctuations in the measured data are due to measurement uncertainty [29] and other environmental factors like the presence of scattering, reflecting and diffracting objects.
4.1.6 Remarks

Three simple models for the estimation of the limiting distance and hence the exclusion zone have been described and compared with a scientifically measured data. In the near field the cylindrical model is found to be better than the other two models where as in the far field the other two models namely the far field and the non vanishing area models better estimates the power density. Limiting distance for the exclusion zones are also calculated for different antennas and is found to range from 1.5 m to 12 m for the operating power of 6 W and 100 W respectively. These limiting distances from the BSA represent the exclusion zones where the public exposure level is above the prescribed threshold value and can cause health hazard upon exposures.

4.2 Calculation of EIRP

Assessment of the value of EIRP can be made at various publicly accessible points in the environment surrounding the BTS site under study. If the ration of (EIRPcal/EIRPth) is found to be less than unity at all points outside the exclusion zone, the site can be self certified as normally compliant.
The data required for these calculations is enumerated below.

Table 4.3 Technical details of each operator on the tower need to be provided for the calculation [30]
	Base Ch. Freq
	BCCH Freq (GSM) / C-PICH Common Pilot Channel Freq.

(CDMA and UMTS) of any sector to be provided.

	Carriers / Sector

(Worst)
	Max. No. of carriers / sector eg.. if two sectors are having three

carriers, while the third one has four carriers, the value to be

provided would be four.

	Total Tilt
	Electrical Tilt + Mechanical Tilt (Deg)

	Antenna Tx Gain
	Antenna Gain in dBi

	Vertical BW
	The BTS Antenna vertical 3 dB beam-width (Deg)

	Side Lobe Atten
	The dB down value of the largest side lobe, w.r.t to the main lobe,

in the vertical radiation pattern of the antenna.

	Tx Power
	Transmitter Output power (dBm)

	Combiner Loss
	Combiner Loss if any (dB)

	RF Cable Length
	Length of the RF Cable from Antenna to the BTS (m)

	RF Cable Unit Loss
	Unit Loss of RF Cable (dB/100m)


To calculate the total EIRP for an operator, the EIRP of the BCCH Channel (Pilot Channel in case of CDMA) is worked out as follows:
EIRP (BCCH) = Tx Power – Combiner Loss – (Cable Length x Unit Loss) + Antenna Gain (dBm)

The calculated EIRP (EIRPcal) is then given by:

EIRPcal = EIRP (BCCH)watts + EIRP (BCCH)watts x 0.9 x 0.9 x (Carriers / Sector – 1)
The expressions for theoretical EIRP (EIRPth) values based on the ICNIRP limits for various frequency ranges, accessibility conditions and antenna directivity categories can be found on [30].
4.3 Measurement Considerations

The physics of electromagnetic emission from an antenna produces different circumstances for measurements depending on the distance (r) from the source. For practical purposes, this is commonly described as the existence of three zones.


Figure 4.3 Illustration of three zones i.e.  reactive near field, radiative near field and radiative far field.
4.3.1 Far field region

At a sufficiently large distance from the source, in the so-called far-field region, the electric and magnetic field components are closely related, and it is sufficient to evaluate only one of them. This region can be expected at a distance larger than about 2D2/λ, where D is the largest dimension of the antenna, and λ is the wavelength. Considering the wavelength λ of 33 cm for 900 MHz and 17 cm for 1800 MHz, and assuming an antenna dimension D of 1.8 m suggests that this far-field zone boundary should be as far as 20 to 40 meters from a large base station antenna. (The critical value is the dimension D of the antenna. It is, however, not clear whether the value of the total panel dimension should be used, or whether a smaller size is relevant. As a result, the far-field boundary might be expected at somewhat shorter distances). As this situation can be described as radiating, it is frequently found useful to characterize the exposure in terms of the incident power density in W/m2. Since the electric and magnetic fields have a simple relationship, then the power density can be calculated based only on measurements of the electric field, according to the formulae P = E2/377, where E is the electric field in V/m and P is the power density in W/m2. In this far field region, the source can be approximated as a point, suggesting that the power density for an isotropic antenna, and in the absence of any interfering objects, will decrease as 1/r2. As already indicated, the actual decrease may be even faster due to objects interfering with the path.
4.3.2 Near field region

In the close vicinity of base stations, measurements and calculations are more difficult because of the so-called near field conditions. In the radiative near field, the relationships between the electric and the magnetic fields are much more complex, and separate evaluation of them should be performed. Measuring the electric fields and using the far-field assumptions (above) in this zone would often lead to overestimating the exposure. 
i) Reactive near-field zone

It is immediately surrounding the antenna where reactive field predominates and typically extends to a distance of one wavelength from the antenna. For compliance with the safe exposure limits, measurement of both E and H components, or evaluation of SAR is required in this region. 

ii) Reactive  radiating near-field region

The transitional region wherein the radiating field is beginning to be important compared with the reactive component. This outer region extends to a few wavelengths from the electromagnetic source. For compliance with the safe exposure limits, measurement of both E and H components or evaluation of SAR is required in this region.

iii) Radiating near-field (Fresnel) zone

The region of the field of an antenna between the reactive near-field and the far-field region and wherein the radiation field predominates. Here, the electric and magnetic components can be considered locally normal; moreover the ratio E (H can be assumed constant (and almost equal to 20 A/m, the intrinsic impedance of free space). This region exists only if the maximum dimension D of the antenna is large compared with the wavelength λ. For compliance with the safe exposure limits, measurement of only E component is required in this region.
4.4 Frequency Selective Versus Broadband Measurements
As already described above, the radiofrequency spectrum between a few MHz to some GHz is allocated to a large number of different communication services. In terms of the frequencies involved, two kinds of measurement requirements can be formulated for measurements of this exposure to radiofrequency fields: broadband and frequency selective measurements.

The broadband measurements integrate the detected exposure over a specified frequency range, and would therefore include all sources (including all radio systems) in the specified part of the spectrum. Frequency selective measurements means that only a narrow part of the spectrum is measured at each time – the bandwidth describes the width of the selected part of the spectrum. By varying the selected frequency (either manually or automatically), the exposure over a larger frequency range can be sequentially evaluated.

In many cases it may be best to begin by using a broadband instrument capable of accurately measuring the total field from all sources in all directions. If the total field does not exceed the relevant exposure guideline in accessible areas, and if the measurement technique employed is sufficiently accurate, such a determination would constitute a showing of compliance with that particular guideline, and further measurements would be unnecessary [30]. The overall measured value of the Electric Field or Power Density with broadband measurement test set, if found within 10%, of the reference levels prescribed by ICNIRP for general public, the will be certified as normally compliant.
4.5 Instrumentations
Hand held survey probes for measuring power density was the equipment used for measurement. The device which was used here has an isotropic antenna and works in the frequency range of 50 MHz-3.5GHz as shown in figure 4.4 (a). The total exposure due to all radio, television as well as base stations acting together is calculated. This relatively wide range covers many common radio frequencies but not only the cel​lular communication band and so the measured power density val​ues are not due to the mobile base station only. A GPS receiver from GARMIN as shown in figure 4.4 (b) was used to determine the position. This Receiver has higher accuracy as it receives signal from both GPS and GLONASS. However in a separate study, a spectrum analysis in considered to quantify the EMR contribution of each radio transmitters.


a) Power Meter



b) GPS receiver
Figure 4.4 Devices used for measurement.
4.6 Field Measurements
Overall level of RF EME exposure for people living in the urban environment involves the simultaneous exposure to a large number of radio sources. This study also took the opportunity to measure the other significant radio signals that contribute to public exposure. A series of RF-EMF measurements in the form of electric field at the vicinity of several mobile telephone base stations in the Lalitpur district namely around Sanepa, Nakhu Chowk, Tashikhel (Mahalaxmi Sthan), Satdobato, Gwarko, Jawalakhel, Pulchowk, Dhapakhel, Sitapakha, Godabari and Khokana area were conducted in order to determine the exposures of the general public. The relationship between the RF power density levels specified in the safety guidelines and some typical RF power density levels actually measured around mobile phone base stations will be given.  The electric field intensity was measured at different distances from the base station.

Figure 4.5 Measuring field strength. 

The measurements of electromagnetic fields were averaged over a period of six minutes.  Averaging in this way allows, for example, that during any given six-minute period an individual could be exposed to twice the applicable power density limit for three minutes as long as the individual was not exposed at all for the preceding or following three minutes.  Similarly, exposure could be at three times the limit for two minutes as long as no exposure occurs during the preceding or subsequent four minutes, and so on. 

When the measurement point is very close to the antenna, the far field approximation cannot be used. In the case of large antennas (L>1), the distance from the antenna to the far field is generally taken as r=2D2/1. At this distance, the maximum phase difference of electromagnetic waves originating from different points of antenna is 22.5°. As for health assessment, larger phase differences and therefore shorter distance for far field region give acceptable error in calculations. In this case, practical far field distance begins at r=D2/21 [31]. 
The length of the GSM900 and GSM1800 antennas are generally of the order of 0.5 m, resulting in far field distances of 0.38, 0.75 and 0.83 m, respectively. The far field distance calculated as r=2D2/λ yields to four times greater distances. At shorter distances from the antenna, the waves originating from different parts of the antenna have greater phase difference, which will produce irregular oscillatory electric field. Because of the oscillatory field, a single point measured in the near field may not give a reliable presentation of the human exposure. In [31], a solution to the problem has been presented as an average power density measurement over the height of the antenna. This approach can be used, if the distance from the antenna is more than λ/2, and the measurements are averaged over a height equal at least to the half length of the antenna.
Electric field signals from mobile telephone base stations and all other significant signals from such sources as TV and FM radio were measured along all these places Viz Sanepa, Nakhu Chowk, Tashikhel (Mahalaxmi Sthan), Satdobato, Gwarko, Jawalakhel, Pulchowk, Dhapakhel, Sitapakha, Godabari and Khokana. The Jawalakhel, Satdobato, Gwarko and Pulchowk areas were choosen because there are numbers of RF sources as well as there is large flow of people. The motivation behind selecting Tasikhel, Nakhu chowk and Sanepa are due to a case where a no. Of building is being situated just in front of BS and also surrounded by numbers of other buildings. The Dhapakhel, Godabari, Sitapakha and Khokana areas were chosen because it is rural area and in rural area the cell has large radius. So to cover large area the power transmitted is higher.  The measurements were taken in noontime. If possible, measurements were made in locations that maintain direct line-of-sight with known RF source, at height of approximately 1.7 m above ground.
4.7 Classification of Installation Class

Based on evaluation techniques described above, each emitter installation should be classified into the following three classes:

1) Inherently Compliant: 

Inherently safe sources produce fields that comply with relevant exposure limits a few centimeters away from the source. Particular precautions are not necessary. 

2) Normally Compliant: 

Normally compliant installations contain sources that produce EMF that can exceed relevant exposure limits. However, as a result of normal installation practices and the typical use of these sources for communication purposes, the exceedance zone of these sources is not accessible to people under ordinary conditions. Examples include antennas mounted on sufficiently tall towers or narrow-beam earth stations pointed at the satellite. Precaution may need to be exercised by maintenance personnel who come into the close vicinity of emitters in certain normally compliant installations. 

3) Provisionally Compliant: 

These installations require special measures to achieve compliance.
4.8 Results and Discussion
The data collected over different place of Lalitpur areas were plotted as a google digital map as shown in Fig. 4.6. It has overlaid the digital map with the google Earth to have better understanding of locations. 

Figure 4.6 Observed field intensity map over different Lalitpur area over Google Map.

Figure 4.7 Observed field intensity map over Pulchowk area over Google Map.
In the image the observed EMR are averaged over six minutes and classified into six classless. The larger colored circles indicate higher signal levels, while progressively smaller circles indicate decreasing levels. It was found the maximum recorded intensity about 72.933mW/m2 in Jawalakhel area, 18.20083mW/m2 in Godawari area, 16.3217mW/m2 in Satdobato area, 21.007mW/m2 in gwarko areas, 12.397mW/m2 in Sitapakha area, 5.243mW/m2 in Khokana area, 3.4113mW/m2 in Sanepa area, 2.107mW/m2 in Tasikhel area, 2.568mW/m2 in Nakhu area and 15.03mW/m2 in Pulchowk area. 

While comparing the observation over these sites by averaging all the readings as shown in Fig. 4.8, it is found that the radiation over Jawalakhel area is largest because there is large number of RF sources. It is also found that the radiation over the Sitapakha is also larger.  This may because it is rural area and in rural area the cell has large radius. So to cover large area the power transmitted is higher. In Jawalakhel we had perform the field Measurement just around the office of Nepal Telecom. This is particularly because we found that there is a structure with number of antennas just in front of a residential building. 

Figure 4.8 Comparison of mean values of field intensity at different test sites.
Another analysis is performed my analyzing the EMR variations with respect to distance from BTS at different places as shown in Fig. 4.9. The received data do not follow a trend. This is because the data received were not due to single BTS and other nearby RF sources also affects the readings. However it is confirmed that they all are well below the standard.

Figure 4.9 (a)




Figure 4.9 (b)


Figure 4.9 (c)




Figure 4.9 (d)

Figure 4.9 (e)




Figure 4.9 (f)
Figure 4.9 (g)




Figure 4.9 (h)


Figure 4.9 Field intensity Vs distance at different Sites.
(a) Jawalakhel (from BTS1) (b) Jawalakhel (from BTS2) (c) Sanepa (d) Dhapakhel (e)Tasikhel (f) Pulchowk (g) Nakhu Chowk (h) Khokana
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Figure 4.10 Field intensity Vs time at three different distances.
The above figure 4.10 shows how the intensity level changes at different distance from base station with respect to time. The above data were taken during 10:00 am to 4:00 pm where the intensity level was varying at different time. The different distance is taken on the basis of near field and far field.
Theoretical plot of power density was done for three different regions and when observed data at four sites were compared with theoretical plot then the observed data was found to be well below the threshold value as shown in figure 4.11. Even though the values observed near the antenna were found to be slightly higher, it is also less than the threshold value. The mean line denotes how the power density varies surrounding the BTS. Similarly this was also done for remaining site which shown the power density is well below the threshold value.    

Figure 4.11 Plot of observed data with mean value at four site comparing with the theoretical curves.
4.9 Frequency Selective Analysis
Though we obtain the power density in all these sites well below the international guidelines, the data obtained from the simultaneous observation of the field
strength meter and spectrum analysis over 50 MHz to 3 GHz were subjected to
cross validate the measurements. The spectrometry analysis is shown in Fig. 4.12. The results are presented by averaging of each sixty minutes data.
The comparison of power meter data with international standard and the power density comparison at different frequency from 100 MHz to 2 GHz measured from frequency analyzer, it is found that the RF radiations at different frequencies are still within safety margins as shown in Fig. 4.13.

Figure 4.12 Spectrum of Various Sources of EMF as shown in Spectrum Analyzer.
Figure 4.13 The observed power meter (PM) data from this study is compared with data from Spectrum Analyzer. 

CHAPTER 5 CONCLUSION AND FUTURE WORK
At first the research is started by developing three simple models for calculating power density and hence calculates exclusion zones around a GSM base station antenna (BSA). Since we do not have real data of operators, we rely on data of [27] to calculate the limiting distance. Calculation of EIRP was the second approach we selected. In order to calculate EIRP, it requires real data of Base Stations.

The third and major approach it took was the field measurement around different base station of Lalitpur district. The radio frequency measurements in our area of study due to mobile phone base stations as well as other RF broadcast sources are much lower than the exposure limit recommended by international guidelines. In this research the measurements of RF signals in Lalitpur is done at different time. Moreover, the measured values were not only due to the mobile base stations, but also due to all other sources of radiation in the range.
.
Though the measured values are within 10% of ICNIRP limits, the signals here may have either destructive or instructive inter​ference at some specific point, hence the radiation due to the base stations together with the other sources like local TV, FM and WLAN transmitters. The Spectrum Analyzer has been used to cross validate the data from Power Meter at one place that was in RF and microwave lab.

So it is seen that though radiation level is well below the international guidelines, people are chronically exposed to low level emissions. However, it should be note that not to over-interpret the data or extend it as representative sample for the mobile communications safety issues in the whole country. Considerably larger study for future investigation and more collective data with carefully selected locations would be necessary to produce a more comprehensive result and conclusion. So, further extensive studies with more cases are still required.

CHAPTER 6 RECOMMENDATION

In context of our country, there are no any guidelines for test procedure and have to follow most relevant international standard. The concerned telecommunication authority, Nepal Telecommunication Authority (NTA) has to work a lot in this as soon as possible. There have been chosen some sample base stations of Lalitpur district for this research. So one cannot make conclusion for all the Base Stations sites based on these results. A thorough research for each site is recommended.

It is recommended that the following points should be considered while making the guidelines:

· All the operators should calculate the RF exposure based on theoretical calculations and appropriate symbols should be placed wherever necessary.
· It is strongly recommend NTA to obtain the details before licensing the operator and the operator should submit the details before installing the new Base Station.  
· Radiation pattern of antenna should be categorized on the basis of Near-Field and Far-Field for each base station.

· The NTA should also responsible for setting the limits for safe human exposure to electromagnetic radiation from radiofrequency emitting devices in order to protect the health and safety based on occupational and general public using any international guidelines. 
· Provide awareness sessions on exposure to radiofrequency electromagnetic radiation on the basis of age group, sex, exposure time etc.

· It should providing funding in support of long-term studies examining the potential health impacts of exposure to radiofrequency electromagnetic radiation.
· Should provide GIS based radiation map.
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Appendices
1. Power Meter (TM-195)

TM-195 is designed for measuring and monitoring Radio Frequency(RF) electromagnetic field strength and capable of measuring the frequency range of 50MHz~3.5GHz. It's ideal for the applications of: 

- RF power measurement for transmitters.
- High frequency (RF)electromagnetic wave field strength measurement.
- Mobile phone base station antenna radiation power density measurement.
- Spy camera, wireless bug finder.
- Wireless communication (CW, TDMA, GSM, DECT) applications.
- Wireless LAN (Wi-Fi) detection, installation.
- Cellular/Cordless phone radiation safety level.
- Microwave oven leakage detection.
- Personal living environment EMF safety.
Specification

· Display type: Liquid-crystal (LCD), 4-1/2 digits maximum reading 19999.

· Measurement method: Digital, triaxial measurement.

· Directional characteristic: Isotropic, triaxial. 

· Measurement range selection: one continuous range.

· Display resolution:0. 1mV/m, 0.1µA/m, 0.001µW/m2, 0.001µW/cm2

· Setting time: typically 1.5s (0 to 90% measurement value.)

· Sample rate: 1.5 times per second.

· Audible alarm: Buzzer.

· Units: mV/m, V/m, µA/m, mA/m, µW/m2, mW/m2, µW/cm2

· Display value: Instantaneous measured value, maximum value, average value, or maximum average value.

· Alarm function: adjustable threshold with ON / OFF

· Calibration factor CAL: adjustable

· Manual data memory and read storage:200 data sets.

· Batteries: 9V NEDA 1604, IEC 6F22 or JIS 006P

· Battery life: Approximate 15 hours.

· Auto power off: Default time 15 minutes. Adjustable threshold 0~99 minutes.

· Operating temperature range: 0°C to + 50°C

· Operating humidity range: 25% to 75 % RH

· Storage temperatures range: -10°C to +60°C

· Storage humidity range: 0% to 80% RH

· Dimensions: 60(L)*60(W)*195(H) mm.

· Weight (including battery): Approx.200g.

· Accessories: User’s manual, 9V battery, Carrying case.
2. GPS Receiver (e Trex 20)
Garmin's eTrex GPS series offers reliable satellite navigation, making it a favorite of hikers, hunters, and geocachers. The eTrex 20 is equipped with a high-sensitivity GPS receiver, a 2.2-inch color display, and ships with a worldwide basemap with relief. Add a wide array of detailed topographic, marine, and road maps, and start mapping out your next adventure.
Features:
· Rugged handheld navigator with preloaded worldwide relief basemap and 2.2-inch color display

· WAAS-enabled GPS receiver with HotFix and GLONASS support for fast positioning and a reliable signal

· Compatible with topographic, marine, and road maps--TOPO U.S. 24K, BlueChart g2, City Navigator, etc.

· Powered with two AA batteries; waterproof to IPX7 standards for protection against splashes, rain, etc.

· Support for paperless geocaching and Garmin spine-mounting accessories
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Table 3.5 Reference levels for the general public at frequencies of 900 and 1800 MHz [16]


Country or Organization�
Document �
900 MHz �
1800 MHz �
�
�
�
Electric field (V/m) �
Power density W/m2 �
Electric field (V/m) �
Power density W/m2�
�
International health based guidelines �
�
�
�
International commission of non ionizing radiation protection �
ICNIRP 1998 �
41.25 �
4.5 �
58.3 �
9.0 �
�
International/ Institute of Electrical and Electronics Engineer �
IEEE,1999 USA �
47.6 �
6.0 �
67.3 �
12 �
�
European/ European Committee for Electro technical Standardization (Technical committee)�
CENELEC,1995 �
41.1 �
4.5 �
58.1 �
9.0 �
�
National health based guidelines �
�
�
�
Australia/ Standard Association of Australia �
AS/NSZ, 1998 �
27.5 �
2.0 �
27.5 �
2.0 �
�
East European health based guidelines �
�
�
�
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