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Executive Summary
The rational for development of Guideline on Health hazard due to wireless communication,
legislative right and provision to formulate and implement the standard, sample measurement
analysis of EMR level, international standard and practices, and analysis of EMR level in multioperator, multi-antenna sites, and the effect of sectoral antenna in the safety, along with the
Guideline on Health Hazard due to wireless communication is the main paradigm of this report.
The electromagnetic radiation emitted from the various communication systems is considered to
be non-ionizing radiation as they do not impart enough energy to ionize the molecules. When
exposed to longer time or located closely to those signal; can cause heating effect on biological
objects. Lots of literatures are available in the web and journals describing about the detrimental
effect of such radiation on human being. The evidences and research observed so far are
conflicting and insufficient to draw a precise conclusion and to prove the relationship between
health hazard and exposure of radiation at lower level. In our country also, there is rising concern
of the people about the health effect of BTS signal. Some of public seems to be reluctant to allow
to install towers in some residential areas.
Although, it has already been around 15 years the operation of mobile telecommunication in
Nepal, there was no formal research and study carried out about the effect of the radio frequency
radiation to the biological objects. It seems necessary to study on the effect of EMR on general
people as well as occupational personnel in order to formulate standard guidelines for deploying
radio system to protect the public health in Nepal. As, six voice telecom operators, more than 30
ISPs, more than 320 FM stations, more than 35 Television channels and one AM radio are
already in operation in Nepal, it is already high time to explore the signal level and develop the
guidelines to minimize the health hazard from the electromagnetic radiation of wireless
communication.
Various international standards and practices have been studied and analyzed in this report.
Various international organizations have suggested the maximum permissible limit of the
exposure of radio signal for the occupational and general public. Among them International
Commission of Non-Ionizing Radiation Protection (ICNIRP), Federal Communication
Commission (FCC), Institute of Electrical and Electronics Engineering (IEEE), Safety Code 6:
2

Canada are some of the prominent organizations. Different countries have adapted these
standards with some modifications according to their discretion. While determining the threshold
received level of the transmitter power of the tower antenna, some countries adapted ICNIRP
guidelines as it is and some prescribed to be 1/100th or 1/1000th of ICNIRP level. Recently India
has changed the threshold level to the 1/10th of ICNIRP level in the 400-2000 MHz range
because of rising concern of the adverse effect of Radio Frequency radiation. Maximum
Permissible exposure limits determined through the guidelines of FCC are more stringent than
that of others' exposure limits except in the range of 300 - 1500 MHz. So it is proposed to use of
FCC MPE limits here in Nepal with the modification in the range 300MHz-1500 MHz for
general public safety.
Received power level and power density of the transmitted signal from the BTS tower are the
parameters of the interest for electromagnetic radiation safety. The power level at various
locations of Kathmandu and Lalitpur for the operation of Nepal Telecom GSM and CDMA
system and Ncell GSM system was measured by Drive Test as sampling and analyzed in
different perspectives.
In case of multiple transmitter sites, actions necessary to bring the area into compliance with the
prescribed standards are the shared responsibility of all licensees whose transmitters produce
field strengths or power density levels at the area in question in excess of exposure limit (in
terms of power density or the square of the electric or magnetic field strength) applicable to their
particular transmitter. In situations of simultaneous exposure to fields of different frequencies,
these exposures are additive in their effects. Although in most of the cases the sectoral Antenna
are used in practice in mobile communication, if the omni-directional antenna are used the
received power density will be lower than in the case of sectoral antenna resulting less hazardous
effect compared to that of the sectoral antenna.
The draft final guidelines to minimize the health hazards of general public and occupational due
to cellular mobile communication is developed and published seeking the comment, suggestion,
and feedback from the related stakeholders.
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CHAPTER 1
INTRDOUCTION

1.1 Background
Radiofrequency electromagnetic radiation can be defined as waves of electric and magnetic
energy moving together through space. EMR is part of everyday life, emitted by natural sources
like the sun, the Earth and the ionosphere. EMR is also emitted by artificial sources such as
mobile phone base stations, broadcast towers, radar facilities, remote controls and electrical and
electronic equipment. Radiofrequency EMR is non-ionizing radiation. It means that it is not able
to directly impart enough energy to a molecule or atom to break covalent bonds or remove
electrons. But the ionizing radiation (e.g X-rays) can strip electrons from atoms and molecules.
Under Part 30 (1) of the Telecommunications Regulation, 1998, the Nepal Telecommunications
Authority has power to determine the terms and conditions while using the radio frequency. The
Authority has to fix the standards to protect the health and safety of people who operate, work
on, use or are reasonably likely to be affected by the operation of radio communications
transmitters and receivers to be followed by the relevant stakeholders. The Authority has
introduced the guidelines/regulatory arrangements to limit exposure to Electromagnetic Emission
from certain radio communications transmitters in exercise of power conquered by the
telecommunication regulation, 1998.
These regulatory arrangements address the possible adverse health effects arising from exposure
to EMR without unnecessarily compromising the benefits that radio communications
technologies bring to modern living. These terms and conditions are mandatory radio
communications standard applies to the mobile and portable radio communications
transmitters/mobile towers with integral antennas operating in the 100 KHz to 300 GHz
frequency range. The operators of such transmitters must ensure the transmitter complies with
the Human Exposure Standard and label their devices in accordance with this Guideline.

12

1.1.1 Public Concern about Health Hazard from Cellular Mobile Telephone System
Development of new technology/ies in the telecommunication sector and decreasing trend of
price of consumer appliances in the world market and after adaptation of liberalization and
competition policy on telecommunication sector lead the country's development very fast on
wireless communication in Nepal.
More than 35 TV channels in the VHF region and more than 320 FM radios in the range 88
MHz – 108 MHz are broadcasting on air in the country. Internet Service Providers are scattering
elsewhere who are providing the internet to their subscribers using wireless internet connectivity.
Most of the ISPs are using Wi-Fi technology for providing the internet service to their customers.
There is power limitation for using the low power devices in 2.4 GHz, 5.1 GHz and 5.8 GHz
band with additional terms and conditions.
Mobile telephony is growing very quickly in the country. There were about 1.0 million
subscribers in the year 2008 and the number increased to 13.6 million by 2011. The number is
expected to exceed 25 million subscribers by 2015 if the current penetration rate is maintained.
Due to the rapid increment in the number of customers for diverse services, the telecom
operators are enticed to increase the number of base stations either the roof top based or ground
based.
At the same time, there is high concern from the common public about the harmful effect of
radio frequency radiation from the radio base stations to the human health. Some of such typical
examples of complain is stated hereunder. NTA had received such type of complains from the
community of Bhaktapur regarding the health hazard from the radio base station. Also the
Communities from TanglaPhat, Kirtipur Kathmandu had complained to NTA about the health
problem from the radio base station with possible different consequences such as headache,
nausea, sleep disorder etc. They have asked NTA to make necessary arrangement not to install
the BTS in the public residential areas. It is also understood that mobile operators are facing the
problem of not getting permission from the community to install the radio system in rooftop of
some residential areas.
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It became evident that many people are fearful of radiofrequency transmission facilities and
mistrustful of both industry and the science on the effects of radiofrequency fields. Some people
do not understand how the technology works or how international standards are developed.
Therefore there is a role for the authority in providing information to communities about these
issues.
Similarly there is concern from different organizations around world about the detrimental effect
of radio frequency to the human health. Microwave radiation is harmful to human health if the
radiation is at high level however the health effect at lower level of exposure is not injurious to
human being. The actual effect of the radio frequency exposure of mobile hand set and cellular
phone base stations are still unknown. The evidences and research observed so far are conflicting
and insufficient to draw a precise conclusion and to prove the relationship between health hazard
and exposure of radiation at lower level. Because of this unclear evidences and inaccurate
information posted in the webs and newspapers created a type of panic situations among the
general public. In few cases, this panic situation is exaggerated due to the unavailability of the
exact data from the operators and lacking of the awareness of radio frequency exposure. Such
situations also lead to unprofessional demonstration and oppositions by some members of the
public while expanding cellular mobile infrastructures specifically BTS.

Figure 1.1: Frequency and power for different frequency sources
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Electric and magnetic fields radiation has significant consequences due to the increasing amount
of modern communication in the form of radio waves. This includes AM and FM radio,
television, remote-control devices (such as garage door openers), radio telephones, walkietalkies, and mobile phones.
Figure 1 above shows the ranges of frequencies and typical transmitter powers used in different
applications. The compressed (logarithmic) scales have been used in order to present the wide
range of frequency and power. FM and AM radio and TV transmitters operate at comparatively
high powers (several kilowatts). Mobile phone base stations (cell sites) and radiotelephones
operate at moderate to low powers. Microwave systems used for point to point communications
operate at low power. The power of a transmitter is only one factor which affects exposures to
the radiofrequency fields it produces.
Exposure to the radiofrequency fields produced by a source depends on a number of factors such
as distance, transmitter power, directionality of the antenna, height of the antenna above the
ground, and local terrain etc. Some countries have already implemented the Radio Frequency
limiting guidelines to the mobile telecom operators according to the suggestion prescribed by
ICNIRP, WHO and FCC as it is and some countries implemented the threshold level which are
1/100th and 1/1000th of these guidelines. The guidelines given by ICNIRP, WHO and FCC are
based upon the research carried out during early and end of 90s. Uses of radio frequency have
been increased tremendously after 2000. So there is rising concern in those countries which have
implemented ICNIRP guidelines as it was, to review it. Even India reduced the threshold level of
ICNIRP in the frequency range 400-2000 MHz by 1/10th effective from September 2012.
Thus it is crucial to carry out the proper study about the effect of radio frequency being radiated
from the base stations antenna of cellular communication system examining their effect on
human health for the public and occupational and use of appropriate safety measure to minimize
the health hazard.

1.1.2 Mobile Telecommunication Operation in Nepal
The cellular mobile system in Nepal is based on either 3GPP or non-3GPP standards. GSM,
WCDMA, UMTS, CDMA technologies are being used as cellular technologies. For duplex
communication it uses RF as down link and up link separately. Uplinks are in the range of
15

890~915 MHz, 1710~1755 MHz and 824~844 MHz for GSM and CDMA respectively, whereas
down link is in the range of 935~960 MHz, 1805~1850 MHz and 869~889 MHz for GSM and
CDMA respectively. Radio Frequency of 1960-1980 MHz paired with 2150-2170 MHz band is
allocated for 3G operation. The spectrum-refarming process is undergoing in order to avail the
more spectrum for GSM, and 3G operation. Just recently the additional spectrum bandwidth is
also allocated to assign for different cellular services including BWA ( e.g WiMAX), LTE, LTEAdvanced
In point to multi point cellular communication system (e.g GSM, CDMA, and UMTS), base
stations are transmitting more power in order to link more individual mobile sets available within
the coverage area to be served. Depending on the country and its adaptation of safety norms,
transmitting powers are regulated by authorized agency in each country. Normally mobile
subscriber set transmits low power in the range of 1 to 2W with maximum 2 dBi gain of antenna.
The down link station, with 10 W transmitter power and 17dBi antenna gain, provides quality
communication being served in many countries.
As per information provided by the corresponding operators BTS transmitter power of Ncell is
up to 80 watts and of NT of up to 80 watts for GSM and up to 30 watts for CDMA. The base
stations are installed on the rooftop of high rise building in the case of urban areas and on the
ground based towers in the rural areas. The height of such base stations are generally varying
from 3 to 15 meters in case of rooftop while varying from 15 meters to 50 meters from the
ground in case of ground based towers. At present there are around 4000 mobile telephone base
stations in operation throughout the country and the number is expected to increase up to 10000
within few years while improving the quality and coverage of the mobile service in throughout
the country. As mobile operators in Nepal are taking steps to upgrade the cellular system to the
3G, again there will be increase in ERP from same BTS tower.
Urban area is divided into many cells depending upon the factors like cell size, traffic flow, and
geographical situation during planning stage. Base station of each cell mainly comprises of three
units - antenna structure, transceivers system and power supply system. Antenna structure is
mounted on rooftop of the building, where generally three numbers of sectored antennae,
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separated by 120 degree are mounted in order to cover the service area circular. The size of the
cell could vary by tilting the antennae mechanically and electrically.
In the rural area, where the villages are located sparsely in a wide area and the flow of traffic is
also substantially low, omni-directional antenna is normally used instead sectorial. Single omni
antenna could also cover as circular as three numbers of sector antennae in urban. It radiates
equally in all direction horizontally and fraction of the total transmitted power is made available
at any service spot unlike sector antenna, hence rural area is much safer from Radiation point of
view.
NTA is planning to create environment for infrastructure sharing in near future through the
introduction of appropriate policy, and regulation. Although infrastructure sharing is good from
the operational and economical prospect but it will invite serious problems on health hazards to
the members of the general public if the Authority does not regulate and control Radio Radiation
Level on each type of frequency related services in proactive basis. Large number of antennae of
different service providers could be directed at same location in this concept, which results
compilation of radiated power at single spot exceeding the limit of stipulated allocated exposure
level.

1.2 Objective
The objective of this study is to develop the EMR safety guidelines for radio systems used in
Base Stations to protect general public and occupational personnel.

1.3 Scope
The scope of the study is mentioned hereunder in brief:
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Review of the international standards for EMR safety Guidelines



Analysis of the EMR level used in Nepal



Analysis of the current EMR safety level



Development of EMR safety guidelines

1.4 Methodology
The overall methodology of the study is depicted by the framework as shown below:

Sample measurement of EMR
of existing mobile operators

Study of the International
Standards about EMR

Analysis of the
Standards, Measured
Data and Feedback
from Stakeholders

Development of EMR
emission guidelines

Figure 2: Study Framework
The methodology adopted during the research study is mentioned hereunder in brief:


Study of existing scenario/status of the radiation level from the base station of different
telecommunication service providers in Nepal
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Collection of information from the stakeholders



Measurement and analysis EMR level of different base stations



Study and Analysis of international trends and practices



Formulation of guidelines on RF radiation from the base stations

1.3 Organization of the Report
This consultation document is divided into five different chapters. The First chapter describes
about the need of study and provides general introductory information. The scope and objective
of the study is clearly defined in this chapter.
The description on different EMR related terms are included in chapter 2. The technical theories
and jargons related with the study and measurements of the EMR level are described in the
second chapter. The third chapter deals with different international standards and practices. It
summarizes the international practices that are prescribed by the authorized standard
organizations and practices adapted in various countries about the EMR.
The presentation of the measured EMR level of the various operators in Kathmandu valley is
included in chapter 4. The measured data presentation and its analysis are included in this
chapter. Chapter 4 is also about the discussion and recommendation of the study in different
perspectives. Finally in the 5th chapter, the EMR safety guidelines to protect the general public
and occupational from the Base station are proposed in the context of Nepal.
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CHAPTER 2

DESCRIPTION OF IMPORTANT EMR RELATED TERMS
2.1 Non-Ionizing Radiation
Ionization is a process of exposing electrons from the atoms and molecules. This ionization
which produces molecular changes also can bring injurious effects on biological organs. This
process needs high level of electromagnetic energy. X-ray and gamma radiations are examples
some of radiations with sufficient energy to ionize the biological tissues. That’s why x-ray and
gamma radiation are also called as the ionization radiation. However, the energy associated with
the RF and microwave radiation used in telecommunication system does not have enough energy
to cause the ionization of atoms and molecules. Thus radiation associated with the RF and
microwave energy is called as the non-ionizing radiation.

2.2 Use of Radio Frequency Energy
The most important use for RF energy is in providing telecommunications services. Radio and
television broadcasting, cellular telephones, PCS, pagers, cordless telephones, business radio,
radio communications for police and fire departments, amateur radio, microwave point-to-point
links and satellite communications are some of the prominent examples of telecommunications
applications of RF energy. Microwave ovens are an example of a non-communication use of RF
energy. Radiofrequency radiation, especially at microwave frequencies, can transfer energy to
water molecules. High levels of microwave energy will generate heat in water-rich materials
such as most foods. This efficient absorption of microwave energy via water molecules results
in rapid heating throughout an object, thus allowing food to be cooked more quickly in a
microwave oven than in a conventional oven. Industrial heating, microwave oven and sealing are
few examples of non-communication use of RF signal. Industrial heaters and sealers generate
intense levels of RF radiation that rapidly heats the material being processed in the same way
that a microwave oven cooks food. These devices have many uses in industry, including
molding plastic materials, gluing wood products, sealing items such as shoes and pocketbooks,
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and processing food products. There are also a number of medical applications of RF energy,
such as diathermy and MRI.

2.3 Source of Radiation
EMR is part of everyday life, emitted by natural sources like the sun, the Earth and the
ionosphere. EMR is also emitted by artificial sources such as:
• Broadcast towers
• Microwave Links
• Satellite Communication
• Mobile phone base stations
• Mobile phone

2.4 Level of Radiation
In the case of cellular mobile communication system, generally a BTS consists of three antennae
in three direction separated by 120 degree. Depending upon the volume of traffic, each antenna
is configured with number of carriers, is normally called carrier sector. If the antenna is
configured with four carriers in each sector then it is said as 4 carrier x 3 sector BTS, which
means total traffic handling capability of 12 carriers in its service area. Each carrier is of 200
KHz BW in GSM system, where eight subscribers could communicate simultaneously. The level
of radiation of energy of each carrier at each sector or direction is usually described by its ERP in
Watt could be calculated as follows.
P = Pt x Gt
Where

P - Effective Radiated Power in Watt
Pt - Transmitted power of each carrier in Watt
Gt - Gain of Transmit antenna in dBi
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Example: If the transmitted power of one carrier BTS is 60 W and gain of an antenna is 18 dBi
(63 times) then its effective radiated power of one carrier at particular direction shall not be less
than 3786 W. If there are four operators radiating its carriers at same direction the total
cumulative ERP power shall not be less than four times of 3786 W i.e. 15KW . It is important to
consider the cumulative EMR level in human health caused by the different radio frequency in a
range of frequency.

2.5 Received Power
Radiated power received at distance R is called Received power. Received power is directly
influenced by transmitted power, gain of transmitting and receiving antenna, and square of wave
length of signal and weakening the strength of the signal by square of distance R.
Received Power Pr by an antenna at distance R is given by:
Pr = Pt x Gt x Gr x ( λ/4πR )²
Where Pr – Received Power in dBm
Pt – Transmitted Power in dBm
Gt – Gain of transmitting antenna in dBi
Gr – Gain of receiving antenna in dBi
λ – Wave length of signal in meter
R – Distance between transmitter and receiver in meter
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2.6 Measurement of Radio Frequency Radiation
An RF electromagnetic wave 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 environment at a
given location in terms of units specific to each component. For example, the unit "volts per
meter" (V/m) is used to express the strength of the electric field (electric "field strength"), and
the unit "amperes per meter" (A/m) is used to express the strength of the magnetic field
(magnetic "field strength").

Another commonly used unit for characterizing the total

electromagnetic field is "power density." Power density is most appropriately used when the
point of measurement is far enough away from an antenna to be located in the "far-field" zone of
the antenna. From the prospects of the antenna, another relevant quantity for the measurement of
radiation is ERP which is the measure of the antenna power concentrated in the main beam of the
antenna pattern. Another important parameter from the prospect of body ionization effect is the
SAR. It is the quantity which is used to measure the rate at which RF energy is actually absorbed
in a body. It is usually expressed in units of watts per kilogram (W/kg) or milliwatts per gram
(mW/g).

2.7 Effective Radiated Power
The total power radiated by a transmitting antenna is not useful in the receiver side. Some power
of the antenna will be dissipated in the side beam of the antenna pattern. Thus the effective
radiated power is defined as the measure of the power concentrated in the main beam of the
antenna radiation. If the antennas are omni-directional and 100% efficient, then in this case the
ERP will be equal to the total radiated power of the antenna. Cellular mobile system mainly uses
the sector antenna with the concentrated beam in one particular direction. In this case the power
of the antenna radiation is given by the ERP.

2.8 Power Density
Power density is defined as power per unit area. For example, power density is commonly
expressed in terms of watts per square meter (W/m2), milliwatts per square centimeter
(mW/cm2), or microwatts per square centimeter (µW/cm2). One mW/cm2 equals 10 W/m2, and
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100 µW/cm2 equal one W/m2. With respect to frequencies in the microwave range, power
density is usually used to express intensity of exposure.
In order to evaluate the actual energy received at particular point from the point of radiation is
term as Power density. Power density is defined as power per unit area and expressed in terms of
milliwatts per square centimeter (mW/cm2) or microwatts per square centimeter (µW/cm2). One
mW equals 0.001 watt of power, and one µW equals 0.000001 watt. The ERP once lunch into
space will start attenuation by inverse law of square and expressed by 1/(4πR)². Hence,

Where Pd, Pt and Gt are Power density at the distance R from the transmitted antenna, transmitted
power and transmitter antenna gain respectively. The power density is expressed in Watt per
square meter.
With above parameters Pd for various distances R from the BTS could be calculated. It is
important to determine whether, in situations of simultaneous exposure to fields of different
frequencies, these exposures are additive in their effects.

2.9 Specific Absorption Rate (SAR)
SAR is a measured of the rate at which electromagnetic energy is absorbed by the body when
exposed to a radio frequency electromagnetic field. However SAR is also refers to the absorption
of other forms of energy by tissue including ultrasound. Here it is focused about the
electromagnetic energy absorption by the human body when it is exposed to the hand held
mobile phone.
It is defined as the power absorbed per mass of tissue and has units of watts per kilogram (w/kg).
While calculating SAR, it is averaged either over the whole body or over a small sample volume
(typically 1 gram or 10 gram of tissue.)
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The mathematical expression for the calculation of SAR is expressed by the equation:

Where
is the sample Electrical Conductivity
E is the RMS Electric Field
is the Sample Density
r is the distance
The specific absorption rate is the measure of energy absorption rate by the body in the electric
field of frequency range 100 KHz to 10 GHz, here the power absorbed from the mobile phones.
SAR values depend on the geometry of the body that is exposed to the RF energy and the exact
location. The SAR value is measured at the location that has the highest absorption rate in the
entire head, which in the case of a mobile phone is often as close to the phone's antenna as
possible.

2. 10 Electric and Magnetic Fields Relationship
In the case of far-field transmitting antenna, the electric field, magnetic field and power density
can be approximated as:

S  EH 

E2
 377 H 2
377

Where: S = power density (W/m2)
E = electric field strength (V/m)
H = magnetic field strength (A/m)
Closer to a transmitting antenna, or in the “near-field”, above equation does not apply. The
terms "far-field equivalent" or "plane-wave equivalent" power density are often used to indicate
a
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quantity calculated by using the near-field values of E² or H² as if they were obtained in the farfield. In some circumstances, it is necessary to measure both the electric and magnetic fields in
X

E-FIELD

Z

Y

H-FIELD

DIRECTION OF PROPAGATION

order to determine compliance.
Figure 2.1: Pictorial Representation of Plane Wave Electromagnetic Radiation

2.11 Compliance of Safety
In order to ensure compliance with the Maximum Permissible Exposure (MPE) for the
environment, a dimensionless quantity known as the Exposure Quotient is calculated. This
quantity is expressed in terms of the calculated power density S from measured results of the
field strength and the MPE in power density. Thus
Exposure Quotient = S / MPE

For all the transmitters of FM radio, TV and Cellular Mobile Base stations, the sum of the ratio
of the measured power density to the corresponding MPE of the power density should not exceed
unity to ensure safety. That is
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If this condition is not met, then the environment is not safe. It is also the usual practice to
estimate how many times the present EMR level is below the safe limit. ‘Times Below Limits’
abbreviated as TBL is easily obtained from equation:

where,
S i - Power Density at the ith frequency, frequency given in MHz
MPE i - Reference level of the Power Density at the ith frequency
n - Total number of transmitting signals
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CHAPTER 3

INTERNATIONAL STANDARDS AND PRACTICES

3.1 International Publications on EMR Effects
There is no consistent conclusion about the health effect of wireless signal used in mobile
communications. Some argue that they are harmful and some researcher critically denied those
effects. Here is few list of inference drawn by various researchers.
The German biophysicist Roland Glaser, has argued that there are several thermo receptor
molecules in cells, and that they activate a cascade of second and third messenger systems, gene
expression mechanisms and production of heat shock proteins in order to defend the cell against
metabolic cell stress caused by heat.
Other researchers believe the stress proteins are unrelated to thermal effects, since they occur for
both ELF and RF, which have very different energy levels. Another preliminary study published
in

2011

by

the

Journal

of

the

American

Medical

Association conducted

using fluorodeoxyglucose injections and positron emission tomography concluded that exposure
to radiofrequencysignal waves within parts of the brain closest to the cell phone antenna resulted
in increased levels of glucose metabolism, but the clinical significance of this finding is
unknown.
Swedish researchers from Lund University (Salford, Brun, Persson, Eberhardt, and Malmgren)
have studied the effects of microwave radiation on the rat brain. They found a leakage
of albumin into the brain via a permeated blood-brain barrier. This confirms earlier work on the
blood-brain barrier by Allan Frey, Oscar and Hawkins, and Albert and Kerns. Other groups have
not confirmed these findings in in vitro cell studies or whole animal studies.
In 2006 a large Danish study about the connection between mobile phone use and cancer
incidence was published. It followed over 420,000 Danish citizens for 20 years and showed no
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increased risk of cancer. However the German Federal Office for Radiation Protection
(Bundesamt für Strahlenschutz) considers this report inconclusive.
The 13 nations INTERPHONE project – the largest study of its kind ever undertaken – has now
been published and did not find a solid link between mobile phones and brain tumours.
The International Journal of Epidemiology published a combined data analysis from a
multinational population-based case-control study of glioma and meningioma, the most common
types of brain tumour. The authors reported the following conclusion: Overall, no increase in risk
of glioma or meningioma was observed with use of mobile phones. There were suggestions of an
increased risk of glioma at the highest exposure levels, but biases and error prevent a causal
interpretation. The possible effects of long-term heavy use of mobile phones require further
investigation.
In the press release accompanying the release of the paper, Dr Christopher Wild, Director of the
IARC said: An increased risk of brain cancer is not established from the data from Interphone.
However, observations at the highest level of cumulative call time and the changing patterns of
mobile phone use since the period studied by Interphone, particularly in young people, mean that
further investigation of mobile phone use and brain cancer risk is merited.
A number of independent health and government authorities have commented on this important
study including The ACRBR which said in a statement that: Until now there have been concerns
that mobile phones were causing increases in brain tumours. Interphone is both large and
rigorous enough to address this claim, and it has not provided any convincing scientific evidence
of an association between mobile phone use and the development of glioma or meningioma.
While the study demonstrates some weak evidence of an association with the highest tenth of
cumulative call time (but only in those who started mobile phone use most recently), the authors
conclude that biases and errors limit the strength of any conclusions in this group. It now seems
clear that if there was an effect of mobile phone use on brain tumour risks in adults, this is likely
to be too small to be detectable by even a large multinational study of the size of Interphone.
The ARPANSA which said in a statement that: on the basis of current understanding of the
relationship between brain cancer and use of mobile phones, including the recently published
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data from the INTERPHONE study, ARPANSA: concludes that currently available data do not
warrant any general recommendation to limit use of mobile phones in the adult population,
continues to inform those concerned about potential health effects that they may limit their
exposure by reducing call time, by making calls where reception is good, by using hands-free
devices or speaker options, or by texting; and recommends that, due to the lack of any data
relating to children and long term use of mobile phones, parents encourage their children to limit
their exposure by reducing call time, by making calls where reception is good, by using handsfree devices or speaker options, or by texting. The Cancer Council Australia said in
a statement that it cautiously welcomed the results of the largest international study to date into
mobile phone use, which has found no evidence that normal use of mobile phones, for a period
up to 12 years, can cause brain cancer.
In contrary some researchers claim the harmful effect of radio frequency and they conclude that
EMR can be the catalytic agent to increase the existing tumor.
A Swedish scientific team at the Karolinska Institute conducted an epidemiological study (2004)
that suggested that regular use of a mobile phone over a decade or more was associated with an
increased risk ofacoustic neuroma, a type of benign brain tumor. The increase was not noted in
those who had used phones for fewer than 10 years.
The INTERPHONE study group from Japan published the results of a study of brain tumour risk
and mobile phone use. They used a new approach: determining the SAR inside a tumour by
calculating the radio frequency field absorption in the exact tumour location. Cases examined
included glioma, meningioma, and pituitary adenoma. They reported that the overall odds
ratio (OR) was not increased and that there was no significant trend towards an increasing OR in
relation to exposure, as measured by SAR.
In 2007, Dr. Lennart Hardell, from Örebro University in Sweden, reviewed published
epidemiological papers (2 cohort studies and 16 case-control studies) and found that:
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Cell phone users had an increased risk of malignant gliomas.



Link between cell phone use and a higher rate of acoustic neuromas.



Tumors are more likely to occur on the side of the head that the cell handset is used.



One hour of cell phone use per day significantly increases tumor risk after ten years or
more.

A publication titled "Public health implications of wireless technologies" cites that Lennart
Hardell found age is a significant factor. The report repeated the finding that the use of cell
phones before age 20 increased the risk of brain tumors by 5.2, compared to 1.4 for all ages. A
review by Hardell et al. concluded that current mobile phones are not safe for long-term
exposure.
On 31 May 2011 the IARC classified radiofrequency electromagnetic fields as possibly
carcinogenic to humans (Group 2B). The IARC assessed and evaluated available literature and
studies about the carcinogenicity of RF-EMF, and found the evidence to be "limited for
carcinogenicity of RF-EMF, based on positive associations between glioma and acoustic
neuroma and exposure".
A meta-study (2009) of 101 publications on genotoxicity of RF electromagnetic fields showed
that 49 reported a genotoxic effect and 42 not. The authors found "ample evidence that RF-EMF
can alter the genetic material of exposed cells in vivo and in vitro and in more than one way".
In 1995, in the journal Bioelectromagnetics, Henry Lai and Narenda P. Singh reported damaged
DNA after two hours of microwave radiation at levels deemed safe according to U.S.
government standards.
Santini, 2002 (France) carried out the effect of the cellular antennas to the people living closer to
it. According to this report the following type of disorders: fatigue, depression, memory loss,
visual disruptions, irritability, hearing disruptions, skin problem, cardiovascular disorders and
dizziness are found among the people living around the cellular antennas.
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Figure 3.1: Electromagnetic Hazards According to Sanitini 2002. Source: Santini 2002

The outcome of the study Eger H, 2004 (Germany) is that the proportion of newly developing
cancer cases was significantly higher among those patients who lived within 400 meters from the
cellular transmitter site during the past 10 years compared to those patients living further away.
They also claimed that after 5 years of operation of the transmitter installation, the relative risk
of getting cancer had increased by 3 fold for the residents of the area near the installation,
compared to the inhabitants outside the area. The chances breast cancer is highest among all and
the chances of cancers of prostate, pancreas, bowel, skin melanoma; lung and blood were also
found to be increased.
Bortkiewicz, 2004 claim that “People living in the vicinity of base stations report various
complaints mostly of thecirculatory system, but also of sleep disturbances, irritability,
depression, blurredvision, concentration difficulties, nausea, lack of appetite, headache and
vertigo.”
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A follow-up study in Spain (Oberfeld, 2004) found that the most-exposed people inMurcia had
a higher incidence of fatigue, irritability, headaches, nausea, loss of appetite, sleeping disorders,
depression, discomfort, difficulties concentrating, memory loss, visual disorders, dizziness and
cardiovascular problems. The authors recommended a maximum exposure of 0.0001µ W/cm2

The research carried out Prof Girish Kumar of IIT Mumbai; India claimed that the effect of the
RF radiation is harmful to the human health. So he suggested reducing the threshold level of
SAR from 2 watt/Kg and the power density of the radiation from transmitter antenna should be
within 1/100th of ICNIRP, WHO threshold.

Arthur Robert Firstenberg is an American activist on the subject of electromagnetic
hypersensitivity. According to him the various types of health effect is summarized in the chart
as below. It also depicts the MPL adapted by various countries.
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Power Density in micowatt per square centi meter
50 fts from codeless phone

Maximum Permissible Guidelines of
Various Countries

100 yards from cellular phone

10000

Microwave Hearing

UK

1 mile from cell tower
Canada, Germany, Japan, USA

1000
Impaired Memory

Australlia

10 ft from wireless computer

100
Auckland, NZL

10
Italy
China
Bulgaria, Hungary, Russia, Switzerland

1
Weakness Insomnia, Headache
Altered WBC
Memory, attention, sex ratio

0.1

Salzburg Australlia
Childhood Leukemia

0.01
Decreased Cell growth
Human Sensation

0.001
New Southwales Australlia

0.0001

0.00001

0.000001
Sleep disordered, weakness, Fatigue and Pain

0.0000001

Firstenberg 2001
0.00000001

0.000000001

Figure 3.2: International MPL and HealthHazards
EEG altered, humans

0.0000000001
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3.2 Organizations Working on EMR Safety Standards
Exposure standards for radiofrequency energy have been developed by various organizations and
countries. These standards recommend safe levels of exposure for both the general public and
for workers. Europe and North America started the first concern about public and professional
health hazards of RF exposure. In the United States, the FCC has adopted and used recognized
safety guidelines for evaluating RF environmental exposure since 1985. Federal health and
safety agencies, such as Environmental Protection Agency's (EPA), the NIOSH and the OSHA
have also been involved in monitoring and investigating issues related to RF exposure.
The FCC guidelines for human exposure to RF electromagnetic fields were derived from the
recommendations of two expert organizations, the NCRP and the IEEE. Both the NCRP
exposure criteria and the IEEE standard were developed by expert scientists and engineers after
extensive reviews of the scientific literature related to RF biological effects. The exposure
guidelines are based on thresholds for known adverse effects, and they incorporate prudent
margins of safety. In adopting the most recent RF exposure guidelines, the FCC consulted with
the EPA, OSHA and NIOSH, and obtained their support for the guidelines that the FCC is using.

3.3 World Health Organization (WHO)
EMF project of WHO, has formed a program to review and evaluate the scientific papers on the
adverse health effect of exposure of human being in RF radiation. WHO established this project
because of the high concern on the effect of radio frequency on health, 1996 to find out the
scientifically convincing indications regarding the adverse health effects of the radio frequency.
That project had formulated the research agenda in order to carry out and coordinate the research
on the possible adverse effect of non-ionizing radiation in 1997, however those agendas
undergone periodic refinement and modification in subsequent years. EMF project mainly
concerned about finding the adverse effect of radiation in the range of 0 to 300 GHz and
formulating the guidelines to mitigate the effect if exist. As there were contradictory reviews
about the RF radiation health impact, it promoted the research to fill the gaps of knowledge. For
this national government funded over $250 million on EMF research over the past 10 years.
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The first breakthrough about the radio frequency research agenda was done with the input of ad
hoc committee of invited scientific experts who met in Geneva in June 2002. Epidemiology and
Human Laboratory studies, Animal and Cellular Studies and Dosimetry are areas in which the
committee reviewed the research. And the consideration was restricted to RF; possible effects
non-ionizing radiation from static fields, wide-band and power frequencies will be considered
separately. It was further improved by the WHO workshop on “Adverse Temperature Levels in
the Human Body” held in Geneva in March 2003. After a thorough research, no health effects
are expected from exposure to RF fields from base stations and wireless networks, research is
still being promoted by WHO to determine whether there are any health consequences from the
higher

RF

exposures

from

mobile

phones.

However,

The WHO/IARC has classified radiofrequency electromagnetic fields as possibly carcinogenic to
humans (Group 2B), based on an increased risk for glioma, a malignant type of brain cancer1, a
nd associated with wireless phone use. WHO officially recognize ICNIRP to work in the field of
Non-ionizing radiation field and its impact.

3.4 International Commission on Non-Ionizing Radiation Protection (ICNIRP)
The ICNIRP is an independent group of experts established to evaluate the state of knowledge
about the effects of NIR on human health and well-being. It was established on 60’s on Germany
as a non-government organization. World Health Organization and International labour
Organization formally recognized ICNIRP in the field of non-ionizing radiation and follows the
guidelines that it proposes. ICNIRP has close working relationship with the various international
bodies engaged in the relevant field.
It provides a scientific analysis and protection mechanism against the harmful effects of Nonionizing radiation. The scope and activities of ICNIRP can be listed as:


Analyzing physical characteristics of NIR and reports of biological effects from
exposure to NIR.
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Recommending appropriate terminology, quantities, units and methods of measurement.



Developing protection criteria.



Recommending systems of protection against NIR, including appropriate exposure limits;



Giving guidance for the protection of workers, members of the public, patients and the
environment.



Issuing statements, recommendations or papers on selected topics as appropriate,
including reports on the application of Commission recommendations.



Collating and reporting of information and coordination of studies.



Initiating and participating in educational and research programmes, and pursuing any
other activities that allow the Commission to carry out its work.

The exposure limit table prescribed by ICNIRP is expressed as below:
Frequency (MHz)

Electric Field (V/m)

0.065–1.0

610

1.0–10.0

610/f

10–400

61

400–2,000

Power Density (W/m²)

10
f/40

Table 3.1: ICNIRP Exposure Limit for Occupational
Frequency (MHz)

Electric Field (V/m)

0.15–1.0

610

1.0–10.0

87/f½

10–400

28

Power Density (W/m²)

2.0

400–2,000

f/200

2,000–300,000

10

Table 3.2: ICNIRP Exposure Limit for General Public

37

3.5 Federal Communications Commission (FCC)
Federal Communications Commission is the American government body which authorizes and
licenses devices, transmitters and facilities that generate RF and microwave radiation. It bears all
the jurisdiction of overall transmitting services in the America. The health and safety area of
communication does not lie with the jurisdiction of FCC. It relies on other government and nongovernment agencies about the guidelines in this area. However, with American government
NEPA, FCC has to be accountable on some cases that its decision will significantly bring
adverse effect on quality of human environment or not. FCC has to evaluate the human exposure
of RF emitted from the transmitter. In 1996, the FCC revised its guidelines for RF exposure as
required by American Telecommunication Act. FCC has made mandatory that the RF
transmitting facilities such as: radio and television broadcast stations, satellite-earth stations and
cellular mobile system has to undergo routine evaluations for RF compliance.
At the present time there is no federally-mandated RF exposure standard. However, several nongovernment organizations, such as ANSI, IEEE, and NCRP have issued recommendations for
human exposure to RF electromagnetic fields. On August 1, 1996, the Commission adopted the
NCRP's recommended Maximum Permissible Exposure limits for field strength and power
density for the transmitters operating at frequencies of 300 kHz to 100 GHz. In addition, the
Commission adopted the SAR limits for devices operating within close proximity to the body as
specified within the ANSI/IEEE C95.1-1992 guidelines. The exposure limit table as described
by FCC is expressed as below where f is in MHz:
Frequency (MHz)

Power Density(W/m2)

0.03–1.34

10

1.34-30

90/f2

30–300

0.1

300–1,500

f/30

1,500–100,000

0.5

Table 3.3: FCC Exposure Limit for Occupational
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Frequency (MHz)

Power Density (W/m²)

0.03–1.34

10

1.34–30

18/f2

30–300

0.02

300–1,500

f/150

1,500–100,000

0.1

Table 3.4: FCC Exposure Limit for General Public

3.6 Institute of Electrical and Electronics Engineers (IEEE)
The first ANSI standard that covered RF radiation exposure was issued in 1966. It was four
pages in length and recommended that exposure be limited to field levels no higher than 10
mW/cm². Exposure limits were expressed as RFPG. Under ANSI rules, committees must meet
every five years to reevaluate a standard and either reaffirm or change it as required based on the
latest available information. The original standard was updated once in the 1970s, but without
substantial change. The first major change came in the 1982 version. ANSI C95.1–1982 became
the first SAR-based human exposure standard in the world. All the major standards in the world
today are similar and have the characteristic frequency-dependent exposure limits. There are
some important differences, but the exposure limits for electric and magnetic fields are all based
on the same concepts of body heating and electro-stimulation (shocks and burns).
Five years after this major update, the now much-larger group again began the process of
reviewing the standard. Amid an atmosphere of dissention and concern over liability issues, the
sponsorship of the standard was switched from ANSI to IEEE. IEEE is a larger, stronger
organization that is international in scope. Thus the next update of the standard, which
incorporated several major changes, was IEEE C95.1–1991. A year later, it was ratified by
ANSI. The latest version represents only modest changes and clarifications from that landmark
standard. The exposure limit prescribed by IEEE is as shown below where f is frequency in
MHz:
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Frequency (MHz)

Power Density (W/m²)

0.1–1.0

9,000

1.0–30

9,000/f²

30–300

10

300–3,000

f/30

3,000–300,000

100

Table 3.5: IEEE Exposure Limit for Occupational

Frequency (MHz)

Power Density (W/m²)

0.1–1.34

1,000

1.34–30

1,800/f²

30–400

2.0

400–2,000

f/200

2,000–100,000

10

100,000–300,000

Increases from 10 to 100

Table 3.6: IEEE Exposure Limit for General Public

3.7 Safety Code 6 Regulations: Canada

The radiation protection Bureau of Health Canada has developed Canada’s safety code 6 entitled
as “Limits of Human Exposure to Radiofrequency Electromagnetic Energy in the Frequency
Range from 3 kHz to 300 GHz.” Latest version of safety code 6 was released on 2009. It
provides a two-tier set of RF exposure limits. The updated version of Safety Code 6 has MPE
limits for Controlled Environments and Uncontrolled Environments and now provides a
reasonable definition of a controlled environment. The 2009 update does not have any changes in
exposure limits. The limits for the electric field are similar to the limits in the 1997 FCC
Regulations. Health Canada has also issued another document that provides compliance
guidelines titled "Technical Guide for Interpretation and Compliance Assessment of Heath
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Canada's Radiofrequency Exposure Guidelines." The exposure limit as prescribed by Safety
Code 6 is expressed as below where f is frequency in MHz:
Frequency (MHz)

Electric Field (V/m)

0.003–1.0

600

1.0–10.0

600/f

10–300

60

Power Density (W/m²)

10

300–1,500

f/30

1,500–15,000

50

15,000–150,000

50

150,000–300,000

3.33 x 10-4f

Table 3.7: Safety Code 6 Exposure Limit for Occupational

Frequency (MHz)

Electric Field (V/m)

0.003–1.0

280

1.0–10.0

280/f

10–300

28

Power Density (W/m²)

2

300–1,500

f/150

1,500–15,000

10

15,000–150,000

10

150,000–300,000

6.67 x 10-5f

Table 3.8: Safety Code 6 Exposure Limit for General Public

3.8 Countries Practices
Practices of various countries about the electromagnetic radiation limit can be compared from
the following table in summarized form in 900 MHz and 1800 MHz frequency where the
cellular communication are being heavily used by the operators:
SN
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Countries

Power Density (W/m2), Power

Density

1800 MHz

(W/m2), 900 MHz

1

USA, FCC

10

5

2

India, ICNIRP

9.2

4.5

India from September1, 2012

0.92

0.45

3

Canada, Safety Code 6

3

1.5

4

Australia

2

1

5

Belgium (ex, Wallonia)

1.2

0.6

6

New Zealand

0.5

0.25

7

Belgium, Luxembourg

0.24

0.12

8

Poland, China Italy, France (Paris)

0.1

0.05

9

Switzerland

0.095

0.0045

10

Austria, Salzburg City

0.001

0.0005

11

Australia, New South Wales

0.00001

0.000005

Table 3.9: Countries Maximum Permissible Limit in 900 MHz and 1800 MHz

3.9 Findings of International Standards
Exposure standards for radiofrequency energy have been developed by various organizations and
countries. These standards recommend safe levels of exposure for both the general public and
for workers. In the United States, the FCC has adopted and used recognized safety guidelines for
evaluating RF environmental exposure since 1985. Federal health and safety agencies, such as
the EPA, FDA, the NIOSH and the OSHA have also been involved in monitoring and
investigating issues related to RF exposure.
The FCC guidelines for human exposure to RF electromagnetic fields were derived from the
recommendations of two expert organizations, the NCRP and the IEEE. Both the NCRP
exposure criteria and the IEEE standard were developed by expert scientists and engineers after
extensive reviews of the scientific literature related to RF biological effects. The exposure
guidelines are based on thresholds for known adverse effects, and they incorporate prudent
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margins of safety. In adopting the most recent RF exposure guidelines, the FCC consulted with
the EPA, FDA, OSHA and NIOSH, and obtained their support.
Many countries in Europe and elsewhere use exposure guidelines developed by the ICNIRP. The
ICNIRP safety limits are generally similar to those of the NCRP and IEEE, with a few
exceptions. For example, ICNIRP recommends somewhat different exposure levels in the lower
and upper frequency ranges and for localized exposure due to such devices as hand-held cellular
telephones. One of the goals of the WHO Electro Magnetic Field Project is to provide a
framework for international harmonization of RF safety standards. The NCRP, IEEE and
ICNIRP exposure guidelines identify the same threshold level at which harmful biological
effects may occur, and the values for MPE recommended for electric and magnetic field strength
and power density in both documents are based on this level.
In addition, the NCRP, IEEE and ICNIRP guidelines for maximum permissible exposure are
different for different transmitting frequencies. The most restrictive limits on whole-body
exposure are in the frequency range of 30-300 MHz where the human body absorbs RF energy
most efficiently when the whole body is exposed.

Many organizations have carried out the

thorough research in the field of radio frequency energy exposure to the occupational and general
public and its impact on human health. Among them some of the worldwide accepted
organizations are ICNIRP, FCC, IEEE, and ANSI. International safety guidelines for RF
exposure were developed by ICNIRP in 1998.
While comparing the guidelines developed by various organizations, FCC guidelines is found to
be stringent than others except in the band of 300MHz-1500MHz. FCC guidelines is more
stringent than that of ICNIRP. However, ICNIRP guidelines are initially adapted by many
countries during the early 2000 and some adapted it with few amendments. China, Italy, Poland
and France adapted ICNIRP guidelines with 1/100th of MPE, Switzerland adapted it with
1/1000th of MPE, Austria Salzburg city with 1/10000th of MPE and Austria New Southwales
with 1/100000th of MPE. However many countries are in the stage to revise it. India is going to
implement ICNIRP guidelines with modification of 1/10th of MPE from 1st September 2012.
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Figure 3.3: Comparative Chart of ICNIRP, IEEE and USSR Exposure Limit
All international standards described above are used by many countries in the world. Either
ICNIRP or FCC is mostly used in Asia. Nepal has not defined particular standard for the EMR
yet. Pakistan has adapted ICNIRP standard. After the study of all available standards it is found
FCC standard is 100 times stringent (except in the band 300 to 1500 MHz) than ICNIRP, which
mean 100 times safer to the general public than ICNIRP. Recently India has also sanctioned to
reduce the safety limit of ICNIRP in 400-2000 MHz frequency range by 10 times to use the
modified exposure limit in India. For the sake of safety of the general public in Nepal, it is
relevant to adopt the FCC standards instead ICNIRP because it is more stringent in both
broadcasting and 3G communication frequency ranges. Utilization of higher frequencies in 3G/
4G will increase in near future resulting higher level of power density of EMR in Nepal. The
international standards were formulated at the time when wireless communication was used by
limited service providers. At present many service providers have been appeared and most of
them are using wireless technologies due to open and competitive market for the deployment of
cellular wireless technologies for the provision of effective services at any time and at anywhere.
Hence requirement to update the exposure limits are sought everywhere.
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All FCC MPE limits except in the range between 300 to 1500 MHz are lower than ICNIRP.
India has recently sanctioned the ICNIRP limit by reducing 10 times (by changing the formula
f/200 to f/2000) in the range 400 to 2000 MHz. FCC MPE limit in the range 300 to 1500 MHz
could also be made lower or comparative if it is reduced by 10 times (by changing f/150 to
f/1500). There is no restriction to modify on any standard and adopt as required by any country.
It is proposed to adopt FCC standard in Nepal with modification in the range between 300 to
1500 MHz by reducing the exposure limit by 10 times in the aforementioned frequency range.
Thus the proposed maximum permissible emission standards for the General Public Safety are
mentioned hereunder in tabular format.
Frequency in MHz

Power density W/m²

0.03 –1.34

10

1.34–30

18/f2

30–300

0.02

300

0.02

400

0.27

800

0.53

900

0.6

1800

0.1

1900

0.1

2,100

0.1

2100-100000

0.1

Table 3.10: Recommended Maximum Permissible Limit for General Public

3.10 International Practices on SAR Limit
Various governments have adapted the SAR limit according to their convenience. In broader
sense the international standards can be summarized with the table below.
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Region/
Country

Europe

Australia,
Canada,
Newzealand

USA

India

Sri lanka

Reference to
SAR measurement
protocol

Reference to
SAR limit

Limit

European Specification

ICNIRP
2.0 W/Kg in 10g of
Guidelines 1998
tissue

Australian
Communications
Authority(ACA)
Standard

Australian
Standard
AS/NZS 2772.1

1.6 W/Kg in 1g of
tissue

Federal
Communications
American
Commission
(FCC) Standard ANSI

1.6 W/Kg in 1g of
tissue

Federal
Communications
American
Commission
(FCC) Standard ANSI

1.6 W/Kg in 1g of
tissue

European Specification

ICNIRP
2.0 W/Kg in 10g of
Guidelines 1998
tissue

ICNIRP
Japan, South European Specification
2.0 W/Kg in 10g of
Guidelines 1998
Korea
tissue
Table 3.11: International Practices on SAR limit

Averaging localized SAR using a larger volume allows greater variation within the sample that
could permit exposure to higher levels of RF at some points within the sample. Confining the
average SAR to a smaller sample allows less variability and overall lower allowable exposure to
RF; thus, making the SAR limit adopted in North America more stringent in comparison to the
ICNIRP limit (adopted by most of Europe).
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CHAPTER 4

ANALYSIS AND DISCUSSION
4.1 Measuring Process of Electric Field Strength of Transmitted Signal
Any standards engineering process can be adapted to measure the received radio signal electric
and magnetic field strength. It was found that Nepal Telecom has adapted drive test and
spectrum Analyzer for the measurement of the radio signal strength. Ncell and UTL has also
adapted drive test tool to measure the received signal level. Drive test process with the standard
software of the vendor is one of the comfortable and effective procedures for the measurement of
the received signal level. However if drive test is not available the received signal strength can
be measured with the help spectrum analyzer.
The measurement set up used is shown in figure below. It consists of an adjustable halfwave dipole antenna and a spectrum analyzer. The antenna length can be adjusted for
frequencies of operators.

Dipole Antenna

Spectrum Analyzer

Connecter

Figure 4.1: Measurement set up of received power level
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4.2 Measurement of Power Level of Operators
The received power levels of mobile radio signals of Nepal Telecom for GSM and CDMA and of
Ncell for GSM mobile was measured by drive test equipment of the corresponding operators at
the sampled location of Kathmandu and Lalitpur. The software tools used during the usage of
drive test tools of GSM in case of both Nepal Telecom and Ncell is TEMS Investigation. For the
measurement of CDMA radio signals of Nepal Telecom, the tool developed by the vendor
themselves was used. The snapshot of the TEMS tools is as shown in page 5 of this consultation
document. The measured power level at various locations of the Kathmandu and Lalitpur has
been tabulated and presented as below.

Location

Power
Density
in W/m2

Measured power in dBm
NT GSM

NT CDMA

NCell
GSM

FCC
Standard
W/m2

Exposure
Quotient
(TBL)

Cumulative
Total

11062012
Measuring
tools

CNA
5.91.11 α 1

Ekantakuna
Jawalakhel

-55

-44

St.Xevier
School,
Jawalakhel

-60

-49

Alka Hospital

-70

-60

TEMS
12.0.2
-58

-58

1.12E-04

0.6

1.87E-04 (5357)

-49

-42.6

3.92E-03

0.6

6.53E-03 (153)

-48.7

9.61E-04

0.6

1.6E-03 (624)

1.13E-02

0.6

0.019 (53)

2.21E-03

0.6

3.68E-03 (271)

0.6

2.47E-04 (4054)

1.83E-05

0.6

3.05E-05 (32787)

9.60E-05

0.6

1.6E-04 (6250)

2.78E-04

0.6

4.63E-4 (2158)

-38
-38

Pulchowk Fly
Over Bridge

-45

MoLD

-57

-70

-83
-45

-70

1.48E-04
-56.8

Sajha
Depo

Bus

-68

-65.9

Kandevata,
Kupandol

-60

Bagmati
Bridge

-55
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-70
-68

-67
-58.7

-69

-62
-54.1

Thapathali
Chowk

-50

Maitighar
Mandala

-65

RBBank CO

-45

-64

7.35E-04

0.6

0.0012 (816)

2.27E-03

0.6

0.0038 (264)

2.32E-03

0.6

0.0039 (259)

1.14E-04

0.6

1.9E-4 (5263)

5.37E-06

0.6

7.79E-05

0.6

8.95E-06
(111732)
0.00013 (7702)

2.21E-03

0.6

0.0037 (271)

1.33E-05

0.6

2.22e-5 (45113)

-49.8
-52

-46
-44.9

-62

-60
-44.8

NT CO

-70

-65

-58
-57.9

Bhadrakali

-75

-79

-75
-71.2

Sundhara Fly
Over Bridge

-70

NT ITB

-45

-63

-63
-59.6

-71
-45

Stadium

-70

-72

-76
-67.3

Table 11: Measured Power Level at various location of Kathmandu and Lalitpur
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4.3 Data Presentation

m easured Radiated Power
Location

-35

-40
NT GSM

-45

-50
NT CDMA

50
-55

-60
NCell GSM

-65

-70
UTL CDMA

-75

-80

-85

Figure 4.2: Graphical Presentation of measured radiated Power
Cumulative
Total

Pd
Frequency FCC
Pd FCC
OCCU GP
<300
0.1
0.02
500
16.6
3.33
700
23.3
4.66
900
30
6.0
1100
36.6
7.33
1300
43.3
8.66
>1500
0.5
0.1
1700
0.5
0.1
1900
0.5
0.1
>2100
0.5
0.1
Pd: Power Density in W/m2

Pd
Pd
Pd
Pd
Pd
Pd
IEEE
IEEE
Canada Canada
ICNIRP
ICNIRP
OCCU GP
OCCU
GP
OCCU
GP
10
2
10
2
10
2
16.66
2.5
16.66
3.33
12.5
2.5
23.33
3.5
23.33
4.66
17.5
3.5
30
4.5
30
6
22.5
4.5
36.66
5.5
36.66
7.33
27.5
5.5
43.33
6.5
43.33
8.66
32.5
6.5
50
7.5
50
10
37.5
7.5
56.66
8.5
50
10
42.5
8.5
63.33
9.5
50
10
47.5
9.5
70~100 10~100
50
10
10
GP: General Public
OCCU: Occupational

Table 4.2: Comparative Chart of International Standards
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International Standards for General Public

10

Pd FCC GP
Pd IEEE GP
Pd Canada GP
Pd ICNIRP GP

8
6
4

2

(W/m )

2

Power Density (W/m )
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2
0
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700 900

1100 1300 1500 1700 1900 2100

Frequency (MHz)

Figure 4.3: Power density of different International standards for General Public
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International Standards for Occupational

70
60

Pd FCC OCCU
Pd IEEE OCCU

50
40

)

Pd Canada OCCU
Pd ICNIRP OCCU

2

30
20
10

0

(W/m

Power Density (W/m

2

)

80

300 500 700 900 1100

1300 1500 1700 1900

2100

Frequency (MHz)

Figure 4.4: Power density of different International standards for occupational
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Figure 4.5 : Snapshot of the TEMS while measuring the signal of GSM Mobile of Nepal Telecom
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Figure 4.6: Measured Signal Levels in different Locations of Kathmandu valley
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Figure 4.7: Route Map of Measured Power Level.

56

4.4 Measurement of Signal level of Some Specific Cases
The signal level of the cellular radio signals in the hill top sites, and the signal level of the rural
telecom operators were measured as sample basis in order to know the status of the
corresponding radio received signals. The measurement outcome is presented and analyzed
hereunder:
Measurement of Signal level of Smart Telecom:
The measurement of signal strength around the BTS of Smart Telecom located at the bus park of
Banepa municipality of Kavre district was carried out during the period of study. The received
level found during the measurement is shown in table given below.
Distance
from
BTS (m)
0
50
100
300

Received Pr (W)
Signal
Level
(dBm)
-51 7.94E-06
-55 3.16E-06
-63 5.01E-07
-70 1.00E-07

Power
Density
(W/m²)
0.00056123
0.000223361
3.54126E-05
7.06838E-06

MPL

Times
below
Limit
0.06
0.06
0.06
0.06

107
269
1694
8489

Table 4.3: Signal level of Smart Telecom BTS @ Bus Park, Banepa

STM Telecom Sanchar Pvt. Ltd has been assigned the 2x2.4 MHz Bandwidth for using MFTDMA in 900 MHz band. They are under the planning phase to deploy the cellular technology in
effective manner in the near future. So it was not taken into consideration for the measurement.

Measurement in the Hill top sites:
Received signal level of Nepal Telecom BTS located outside the Kathmandu valley and on the
hill top was also measured. The BTS sites located at Banepa and on the hill top like Sanga,
Kirtipur and Nagarkot were visited during the period of study of this project and the strength of
mobile radio signal was measured in the corresponding locations. The received Signal strength
not more than -51 dBm was measured around 50m distance from the base station, which is 107
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times below the Maximum Permissible Emission Level allowed by the threshold level of the
recommended exposure limit in the context of Nepal

4.5 Information from the operators
During the period of the study/Research, the consultation with the representatives of the telecom
operators was also carried out. The information received from the major voice operators Nepal
Telecon, Ncell, and UTL in response to the questionnaire is summarized hereunder. Although the
information was requested to send from all the 6 voice operators, smart Telecom, STM Telecom
Sanchar, and Nepal Satellite Telecom Pvt. Ltd did not respond.

Nepal Telecom (NT)
NT is using RF in 800, 900, 1800 and 2100 MHz band for the deployment of cellular CDMA,
GSM, and UMTS system. The total no. of BTS (GBT+RBT) of NT all over the country is 2000
out of which 630 are in Kathmandu valley. 12 units of antenna are being used on a Tower of
different technologies (GSM, DCS, UMTS, and CDMA) in maximum. The BTS transmitter
power they are using are 40 W, 60 W & 80 W. The maximum cellular coverage in rural area is
10 Km in rural area while minimum coverage area in urban is up to 300 m. NT has adopted
IEEE/FCC EMR standard. The sectorial antenna gain they are using are 15, 17 & 18 dBi. NT
has deployed 92 3G stations till the moment of study, and the power level of the station are either
15 W or 20 W. The maximum EIRP/ERP is 55-59 dBm. The antenna gain of 16 dBi is being
used. The attenuation of output power by up to 12 dB is being carried out in most of the densely
populated areas for the public safety. Safety Belt and Helmet wearing, First Aid Tool Kits, and
mobile handset for any emergency notification to the central unit is being used as safety measure
in practice during the installation of BTS by the occupational/worker. More pico cell and Femto
cell for indoor coverage is planned for the deployment which will assist to ensure RF safety for
the general public in the near future.

Ncell
NCell is using RF in 900, 1800 and 2100 MHz band for the deployment of GSM, and UMTS
system. The total no. of BTS (GBT+RBT) of Ncell all over the country is 1763 out of which 267
are in Kathmandu valley. Greenfield pole with diagonals support, Guyed Masts, Monopole
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Towers, Rooftop pole with diagonal support, self supported towers, and stand alone RT pole
with diagonal support are the different type of towers being used. The BTS transmitter power
they are using are 80 W. The sectorial antenna gains of 12, 16 & 18 dBi are being used. Ncell
has also deployed 68 low power green BTS with 20 W transmitter power. 323 3G stations have
been deployed till the study period, and the power level of the stations are 20 W. The maximum
EIRP/ERP of 3G is 55 dBm with the antenna gain of 18 dBi. Ncell has informed to assure public
safety regarding the RF exposure by minimizing unnecessary tx power and selecting certified
products (ISO 14001) and using different types of antennas for urban as well as rural areas. It
was also informed that Ncell has faced complaints sometimes about the public safety by local
poeoples during the planning/installation/operation of a BTS.
UTL
UTL is using RF in 800 & 1800 band for the deployment of cellular CDMA system.The total no.
of BTS (GBT+RBT) all over the country is 173 out of which 53 are in Kathmandu valley. 4
carrier/3 sector (maximum configuration) of antenna is being used . The BTS transmitter power
of 20 W per carrier is being used. The sectorial antenna gain of 18 and 12 dBi is used. The
maximum cellular coverage is 5 Km with RSL level of -95 dBm.

IEEE EMR standard is

adopted by UTL which is widely adopted and safe standard. Huawei equipment is used for the
provision of service. The Micro or pico BTS system is not used yet. Ground based, Roof Top,
poll and wall type towers are being in use. Standard and safe equipment supplied by Huawei
with all safety parameters is deployed. All standard safety measures have been adopted during
the installation and operation. UTL has not received any complain regarding the public safety
during the planning/installation/operation of a BTS so far. UTL is of the view that new
techniques and recommendations shall be adopted regarding the EMR for minimization of health
hazards. All standard installation procedures are followed during installation such as
- Use of safety material like EMR shielded cloth, helmets, and earthing strips
- Measurement of RF level before commercial transmission of signal
- RF drive test adopted after commissioning before commercial operation
- Tune the equipment electronically to minimize the stray power emitted
- Auto switch off the sector transmitted power when there is the no occur any traffic
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4.6

Discussion and Analysis

The discussion and analysis hereunder is carried out in the following perspectives: rational
for development of Guideline on Health hazard due to wireless communication, legislative
right and provision to formulate and implement the standard, sample measurement analysis
of EMR level, international standard and practices and analysis in multi-operator, multiantenna sites, and the effect of sectoral antenna in the safety.
With a view to minimize health hazards caused by radiations from the base station towers,
the service providers will have to follow anti-radiation norms while setting up their base
stations. The development of modern communications system requires extensive use of
various types of radio systems. The energy of radiated EMR is absorbed by human body
and emission level of EMR above certain level can cause harm to the human body. It seems
necessary to formulate standard guidelines for the operation of radio system to protect the
public from possible health hazard taking into account the effect of EMR on general people
as well as occupational personnel. There are different radio systems being used by different
service providers. Radio broadcasting deploys high power radio transmitters ranging from
few tens watts to several watts. The radio power transmitted by radio system used in
telecommunications sector depends on type of application. In Nepal, there is no clear
national guidelines developed for EMR protection of human health and there are no
convincing clarifications from telecommunications service providers, policy makers, and
regulatory authority in this regard so far. Therefore mobile service users and people who
are located in the vicinity of radio stations are confused by various rumors regarding the
effects of EMR to human body.
Section 13 (f) and clause 14 of the Telecommunication Act, 1998 has empowered NTA to
prescribe/determine, fix and approve the standard and quality standard of the plant and
equipment relating to the Telecommunications and the Telecommunications Service.
Regulation 30 (1) of the Telecommunication Regulation, 1998 has empowered the
Authority for fixing the terms and conditions to be obeyed by the service providers while
using the radio frequency. In exercise of the power conquered by the Regulation 30 (1) of
the Telecommunication Regulation, the Authority has to introduce the terms and conditions
as Guideline to ensure the EMR from radio communications installations does not exceed
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specified limits at any location that is accessible to the general public. It is necessary to
address the need of safety measures for both the public and occupational caused from the
radio system to minimize the health hazards.
The different international standards on EMR are described in chapter 3 of this document.
It seems that countries around the world have adapted standard of the either ICNIRP or
FCC, exactly as they are, or with modification in some frequency range at their discretion.
Either ICNIRP or FCC standard is mostly used in Asia. Nepal has not yet defined particular
standard for the EMR level to be followed by the operators. Sri Lanka has adapted FCC
standard. Pakistan has adapted ICNIRP standard. India had also adopted the ICNIRP
standard limits till September 2012; however, recently the limits have been modified with
more stringent exposure limit compared to ICNIRP limit in a range of frequency. The
ICNIRP limit is modified by India by reducing 10 times (i.e. by changing the maximum
exposure limits/power density from f/200 to f/2000) in frequency range 400 to 2000 MHz
After the study and analysis of all available standards, it is found FCC standard is 100
times stringent (except in the band 300 to 1500 MHz) than ICNIRP, which mean 100 times
safer to the general public than ICNIRP standard. The international standards are
formulated at the time when wireless system was used by limited service providers. At
present many service providers have been appeared and most of them are using wireless
technologies due to open and competitive market for easy and economic deployment in
rapid manner for providing effective services at any time and at anywhere. Hence
requirement to update the limits are sought everywhere and is crucial to be dealt in serious
manner. The, utilization of frequencies through the means of additional transmitters by the
existing and upcoming operators for 2G, 3G, & 4G will increase the EMR level in near
future in Nepal. There is no restriction to modify on any standard and adopt as required by
any country. All FCC MPE limits except in the range between 300 to 1500 MHz are lower
than ICNIRP. FCC MPE limit in the range 300 to 1500 MHz could also be made lower or
comparative if it is reduced by 10 times (by changing f/150 to f/1500).
It is proposed to adopt FCC standard in Nepal with modification in the range between 300
to 1500 MHz by reducing the limit by 10 times (i.e. by changing the limit from f/150 to
f/1500). To ensure the safety from the electro-magnetic radiation, NTA hereby would like
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to propose the following maximum permissible exposure level as shown in the table given
below.
Frequency in MHz

Power density W/m²

Remarks

0.03–1.34

10

As FCC

1.34–30

18/f2

As FCC

30–300

0.02

As FCC

300

0.02

Modified

400

0.27

Modified

800

0.53

Modified

900

0.6

Modified

1800

0.1

As FCC

1900

0.1

As FCC

2,100

0.1

As FCC

2100-100000

0.1

As FCC

Table 4.4: Proposed Maximum Permissible Limit for General Public

In case of multiple transmitter sites, actions necessary to bring the area into compliance
with the guidelines are the shared responsibility of all licensees whose transmitters produce
field strengths or power density levels at the area in question in excess of exposure limit (in
terms of power density or the square of the electric or magnetic field strength) applicable to
their particular transmitter. In situations of simultaneous exposure to fields of different
frequencies, these exposures are additive in their effects. In multi-operator environment,
generally total available ERP derived from the threshold limit of the EMR level is divided
into number of total licensees issued by regulator considering the existing status and future
plan with certain margin/limit as per the prescribed level. For example in 1800 MHz &
900 MHz frequency range each service providers shall be allowed to transmit ERP power
(Transmitter Power (W) * Antenna Gain) not more than 300 W and 1800 W per BTS
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respectively under the assumption that if there will be not more than 10 voice licensees in
total excluding all other kind of radiation (AM, FM, TV, Wi-Fi, 3G and Radar etc).

In most of the cases the sectoral Antenna are used for cellular communication. If the omni
directional antenna are used the received power density will be lower. Whereas, the
infrastructure sharing will increase the vulnerability as more antennas transmit the signal to
the same directions, the received power level will scalar sum of the received power density.
In order to determine the standards of radio emission levels by the radio system to be
followed by the service providers and also aware the public and occupational professionals
regarding the effect of health hazard caused by the radio system and use the safety
precautions appropriately, a Guideline is developed and proposed to be effective to
minimize the health hazards caused by the Radio Frequency. This regulatory arrangement
is to be introduced to address possible adverse health effects from exposure to EMR
without unnecessarily compromising the benefits that radio communications technologies
bring into modern living.
There are two types of standards (FCC-USA and ICNIRP-Europe) adapted throughout the
world regarding the SAR limit. The standard recommended by FCC-USA is more stringent
than that of ICNIRP-Europe. The NTA proposes adapting the FCC standard here in Nepal
also. i.e. SAR limit of Nepal is 1.6 W/Kg in 1g of tissue.

4.7 Recommendations
4.5.1 It is proposed to introduce the standards to minimize Health Hazard due to
wireless communication as Guidelines with terms and conditions to be followed
by the Radio Telecommunication operators to ensure the EMR safety from the
radio communication installations for both the general public and occupational as
per provision of regulation 30 (1) of the Telecommunication Regulation 1998.
The proposed Guideline is attached herewith in Chapter 5.
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4.5.2 It is proposed to have joint collaboration to carry continuous research on the
EMR safety issues with the formation of a Research Team (RT) including the
expert (e.g. Engineers, Scientist, Doctors) representative from Nepal Government
agencies like Ministry of Information and Communication, Ministry of Science
and Technology, Ministry of Health and Population, Nepal Telecommunications
Authority, Ministry of Environment and other relevant expert/organization. The
outcome of the research should be used for the periodical modifications of the
maximum permissible limit of the radio frequency.
4.5.3 NTA will make provision of the EMR Measurement equipment (e.g. Spectrum
Analyzer, Drive Test Tools) to measure EMR level of the radio signals emission
by different operators to keep them in track in line with the prescribed standards
in different perspectives.
4.5.4 It is necessary to have appropriate skilled Human Resource to deal with the RF
safety issues with proper Trainings to deal the RF Safety issues effectively in
proactive manner.
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CHAPTER 5
GUIDELINES ON HEALTH HAZARD DUE TO WIRELESS COMMUNICATION

5.1 Definitions
"Authority" means the Nepal Telecommunications Authority
"Act" means Telecommunications Act, 1997
"BTS" means the Base Transceiver stations
"Compliance distance" is the distance at which the one of the factors i.e., power density,
field intensity and the SAR drops to the safe values as specified by the prescribed standards
or internationally accepted standards
"Declaration of Conformity" means a compliance record signed by the licensee or a person
authorized by the licensee or an agent to certify that the radio communications installation
complies with the Authority's EMR exposure requirements.
"EIRP" means the product of the power supplied to the antenna and the antenna gain in a
given direction relative to an isotropic antenna.
"ERP" means the total power radiated by a transmitting antenna in the main beam of the
antenna radiation
“Electromagnetic radiation" or EMR is defined as waves of electric and magnetic energy
moving together through space. EMR is part of everyday life, emitted by natural sources
like the sun, the Earth and the ionosphere. EMR is also emitted by artificial sources such
as mobile phone base stations, broadcast towers, radar facilities, remote controls and
electrical and electronic equipment. Radiofrequency EMR is non-ionizing radiation. It
means that it is not able to directly impart enough energy to a molecule or atom to break
covalent bonds or remove electrons. But the ionizing radiation (e.g X-rays) can strip
electrons from atoms and molecules.
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"FCC" means the Federal Communication Commission
"General population/uncontrolled exposure limits" means limits that apply to situations in
which the general public may be exposed or in which persons who are exposed as a
consequence of their employment may not be made fully aware of the potential for
exposure or cannot exercise control over their exposure.
"ICNIRP "means International Commission for Non- Ionizing Radiation Protection
"Ionizing Radiation" means the electromagnetic radiation which can change the molecules
configuration
"IEEE" means the Institute of Electrical and Electronics Engineers
"Maximum permissible exposure" or "MPE" means the rms and peak electric and magnetic
field strength, their squares, or the plane-wave equivalent power densities associated with
these fields to which a person may be exposed without harmful effect and with an
acceptable safety factor.
"NCRP" National Council on Radiation Protection and Measurements
"Non-Ionizing Radiation" means electromagnetic signal which cannot cause the molecular
change, however can cause the heating effect on biological tissues.
"Occupational/controlled limits" means limits that apply in situations in which persons are
exposed as a consequence of their employment provided those persons are fully aware of
the potential for exposure and can exercise control over their exposure. Limits for
occupational/controlled exposure also apply in situations when an individual is transient
through a location where occupational/controlled limits apply provided he or she is made
aware of the potential for exposure
"Power density" means power per unit area and is commonly expressed in terms of watts
per square meter (W/m2) milliwatts per square meters ( mW/cm2) or microwatts per square
centimeter( μW/cm2)
"Regulation" means the Telecommunications Regulation, 1998

66

"SAR" means the Specific Absorption Rate and is defined as a measure of the rate of the
absorption of RF energy by the body. It is a measure of the rate of energy absorbed by
(dissipated in) an incremental mass contained in a volume element of dielectric materials
such as biological tissues. SAR is usually expressed in terms of watts per kilogram (W/kg)
or milliwatts per gram (mW/g).

"WHO" means the World Health Organization

5.2 Background
Section 13 (f) and clause 14 Telecommunication Act, 1998 has empowered NTA to
prescribe/determine, fix and approve the standard and quality standard of the plant and
equipment relating to the Telecommunications and the Telecommunications Service.
Regulation 30 (1) of the Telecommunication Regulation, 1998 has empowered the
Authority for fixing the terms and conditions to be obeyed by the service providers while
using the radio frequency.

Under the power conquered by the aforementioned

Telecommunication Act and Telecommunication Regulation, the Authority has introduced
these terms and conditions as Guideline to ensure the EMR from radio communications
installations does not exceed limits at any location that is accessible to the general public. It
seems necessary to address the need of safety measures for both the public and
occupational caused from the radio system to minimize the health hazards. While
determining the maximum radio emission levels, it seems also necessary to know the
international standards and practices on the same. There are different recognized
international standard bodies such as ICNIRP, IEEE, FCC, WHO. Although there are
different standard bodies, it is the common approach to keep the public and professionals
safe from the health hazard through different safety measures.
This Guideline is introduced keeping also the considerations of the world best international
trends and practice. With a view to minimizing health hazards caused by radiations from
the base station towers, the service providers will have to follow anti-radiation norms while
setting up their base stations. It is recommended to follow the emission standards adapted
by FCC with modification in the 300- 1500 MHz as specified in this Guideline.
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5.3 Objectives
The objective of this Guideline to determine the standards of radio emission levels by the
radio system to be followed by the service providers and also aware the public and
occupational professionals regarding the effect of health hazard caused by the radio system
and use the safety precautions appropriately. This guideline is intended to be in effective to
minimize the health hazards caused by the Radio Frequency. This regulatory arrangement
is introduced to address possible adverse health effects from exposure to EMR without
unnecessarily compromising the benefits that radio communications technologies bring into
modern living.

5.4 RF Safety Measures in Base Station
1. It is mandatory for the telecommunication operators to build and operate the
telecommunications tower in line with the prescription made by the Authority from
time to time.
2.

The operators shall have the general approach to evaluate the safe distance or the
compliance distance to examine the variation of either the power density or the
electric field strength or SAR in the vicinity of the transmitting antenna. An
effective closed surface is to be defined around the antenna in order to keep the
public out of this region. The inverse square law can be used to perform the
calculations of safety.

3. For the uncontrolled (public) exposure, antenna site should be selected in such a
way that it should not be easily accessible to the public.

As a general rule,

uncontrolled (public) exposure cannot be exceeded more than 8 meters (25 feets)
from the radiating surface of the antenna.

4. If the areas are to be made accessible to the occupational/workers then, it is
mandatory by the service providers to aware the workers to use safety measures and
precautions to enter into the area not to cause health hazard from such radio
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system. This area should be in general less than 8 meters from the surface of
radiating antenna.

5. If there are occupational radio emission exposure levels beyond the defined
standard limit in some areas/base stations, then the workers should be well informed
of such areas. And they should be only allowed to enter into the areas after either
shutting up the system or use enough safety measures prior to entering into the
areas. Such areas rarely exist, if it happens, it should be within 3 meters range from
the antenna.

6.

The service providers are binding to comply the standards set forth in these
guidelines while using the radio frequency of any base transceiver stations and has
to be assured for the safe exposure of radio emission by the radio system.

5.5 Installation of Antenna
1.

The antenna of the base station should be at least in the height of 7 feets from the
rooftop in case of roof top based Towers.

2. The antenna must be installed in a location not readily accessible to children and in a
manner that prevents human exposure to potentially harmful levels of radiation.

3. The roof top mounted antenna should be installed away from place where people
likely to be. It is imperative for the service providers to keep the signs and symbols of
danger in the vicinity of antenna to aware the people not to enter into the area.

4. The directional roof top antenna should be placed near the periphery and directed
away from the building in case of roof top based towers in order to keep the RF
exposure within the safe limit for the people of the house comprising the tower and for
the public of the houses of nearby.
5. Antennas mounted with a greater than 30° elevation angle must be installed such that
the lower lip of the antenna reflector is at least 5ft above any surface upon which a
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person might be expected to stand, and 3 ft 3 inches from any opening (such as a door
or window) in a building or adjacent structure.
6. Antennas mounted at any site with a less than 30° elevation must be installed such that
the lower lip of the antenna reflector is at least 5 ft 9 inches above any surface upon
which a person might be expected to stand, and 3 ft 3 inches from any opening (such
as a door or window) in a building or adjacent structure.
7 . The antenna must be mounted such that no object that could reasonably be expected
to support a person is within 6 ft 7 inches of the edges of a cylindrical space projecting
outward from the antenna reflector.
8. If the above distance requirements cannot be met, the antenna must be mounted in a
controlled area inaccessible to the general public, such as a fenced enclosure or a roof.
9. A fenced installation must have a locked entry, and the fenced area must be large
enough to protect the general public from exposure to potentially harmful levels of
radiation.
10. Access to a roof installation in a commercial, industrial, or institutional environment
must be limited by a door or a permanently fastened ladder that is locked to deny
access to the general public.
11. Once the transmitter becomes operational, a safe distance; at least 3 feet shall be
maintained.
12. All antennas of any type or size must carry an industry standard or NTA approved
Radiation Hazard Caution label on the feed support arm.

13. A fenced or roof installation in a commercial, industrial, or institutional environment
must carry a Radiation Hazard Caution sign on the access door, gate, or permanently
mounted access ladder within plain sight of anyone approaching the antenna from the
front or sides of the reflector.

14. While placing antenna it should be care that the standards are more stringent for lower
frequency antenna (e.g. 900 MHz) than for the higher frequency (e.g. 1800 MHz).
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15. Special care has to be adapted while installing higher power antenna away from
accessible areas.
16. Special precautions should be taken when designing “Co-location” sites, where
multiple antennas owned by different companies are on the same structure. This
applies to particularly to sites that include high power antennas. Local zoning often
favors co-location, but considering the fact that co-location can provide “challenging”
RF safety problems should be taken into account by effective co-location
configuration management.

17. In multiple transmitter sites and environments power reduction agreements may often

be necessary to ensure that all licensees are aware of the potential for their station to
expose other individuals at the site and site occupants are generally jointly
responsible for compliance with NTA guidelines. In general, at multiple transmitter
sites actions necessary to bring the area into compliance with these guidelines are the
shared responsibility of all licensees whose transmitters produce field strengths or
power density levels at the area in question in excess of the exposure limit (in terms
of power density or the square of the electric or magnetic field strength) applicable to
their particular transmitter. In multiple-transmitter environments, reducing power or
RF shielding may be especially important for allowing necessary work procedures to
be carried out.

18. The service provider has to submit the Declaration of Conformity including the
maximum RF exposure limit from a base station after the completion of the
installation of radio system for using the radio frequency in the base station in

the

format as mentioned in Annex. I.

19. The service provider has to submit the commitment of compliance of RF exposure
limit set forth by the Authority in this guideline within 3 months from the completion
of each fiscal year.
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5.6 Practices to Reduce RF Exposure
1. Every working individual should be properly informed about the presence of RF
energy in the site and use the safety precaution and measure to be safe from possible
health hazard by the service provider and/or vendor.

2.

If any area or site exceeds the RF energy from the limit that is prescribed in these
guidelines, it should be clearly specified with the clear symbol and text describing the
chances of health hazards.

3.

The radio system shall be installed and operated only with the prior analysis and
planning on radio emission levels. RF energy in any site should be modeled
theoretically before building or installing.

4. The RF energy at any site should be measured and reported to the Authority by the
service provider.

5. While working in the site, the workers should assume that all antennas are in running
condition all the time and they should be safe in that condition.

6. While working in the site, the workers should be in safe distance. In practice, the safe
distance of 3 ft from the antenna should at least be maintained by the workers as
guideline for his safety.

7. While working in the site, worker should keep on moving and avoid unnecessary
prolonged exposure of RF energy in the proximity of the antenna.

8.

If power reduction or other measures are not practical, alternative means for
protecting personnel from excessive exposure shall be necessary to take into
consideration when access to these areas is required. In such instances, the use of
radiofrequency protective clothing may facilitate compliance with RF exposure
guidelines even in the presence of intense RF fields.
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9.

Personnel with implanted medical devices such as pacemakers should first consult
with their medical supervisor before entering into the vicinity of the RF exposure.

10.

Personnel working with the RF equipment should be qualified and authorized.

11.

Personnel working for greater than six minutes near any RF omni-directional
antenna should stay at least 3 feet away from antenna.

12.

Personnel working for greater than six minutes near any directional RF antenna
should stay at least 8 feets away from that antenna.

13.

The Base Station Antennas should be at least 3 m away from the nearby building
and antennas should not directly face the building. Further, the lower end of the
antenna should be at least 3 meter above the ground or roof.

14.

In some cases, the time-averaging aspects of the exposure limits may be used by
placing appropriate restrictions on occupancy in high-field areas in controlled
situations where occupational exposure is the only issue.

15.

In addition to time-averaging, other means that are available for controlling
exposures in occupational or controlled environments such as reducing or shutting
off power when work is required in a high RF area, switching to an auxiliary
transmitter (if available) while work on a main system is in progress or
incorporating appropriate shielding techniques to reduce exposure shall be used if
deemed applicable.

16. Restricting access, and other methods such as modifications to antennas, elevating
antennas on roof-top installations or incorporation of appropriate shielding might be
used to reduce RF fields in locations accessible to the public or to workers if
applicable and possible.
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17. A cellular operator shall transmit the BTS power level that is just enough to receive
by the subscriber's handset for quality service in the vicinity of the tower and not
exceeding the EMR standard limits prescribed by these guidelines.

18.

Regulatory Compliance Mark (RCM): It is encouraged to the operators to tag
"Compliance with NTA EMR standards" in the vicinity of the radio system with
clearly visible and recognizable format.

5.7 RF Exposure limits
1. It is mandatory to operate all the RF system within the limit of the RF exposure specified
below where f is frequency in MHz.
Frequency (MHz)

Power Density (W/m²)

0.03–1.34

10

1.34–30

18/f2

30–300

0.02

300–1,500

f/1500

1,500–100,000

0.1

Table 5.1: Maximum Exposure Limit for General Public/Uncontrolled Exposure
Frequency (MHz)

Power Density(w/m2)

0.03–1.34

10

1.34-30

90/f2

30–300

0.1

300–1,500

f/30

1,500–100,000

0.5

Table 5.2: Maximum Exposure Limit for Occupational/Controlled Limits
2. In multi-operator environment, generally total available ERP derived from the threshold
limit of the EMR level is divided into number of total licensees issued by regulator
considering the existing status and future plan with certain margin/limit as per the
prescribed level.
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The maximum radiated power from BTS in watt=
Where,

,

- Power Density in watt per square meter
R

- Transmitter to Receiver Distance in meter

N

- Number of licensees

(Note: Above formula excludes effect of all other radiations such as Broadcasting, 3G and
WiFi )
3. The maximum Specific Absorption Rate limit for the mobile phone handset is 1.6 W/kg

5.8 Monitoring and Enforcement of the Compliance
1. The Authority will be the central agency to ensure the Radio Frequency safety
standards of the telecommunications system in the country.

2. The Authority is responsible to enforce/ monitor this safety guideline to be followed
by all the service providers during the installation and operation of radio System.

3.

It is mandatory to measure the radio emission level including emission parameters of
the antenna such as ERP, electric field strength, magnetic field strength, and power
density in the spectrum band of operation by the corresponding service providers and
submit the compliance record as Declaration of Conformity to the Authority every
fiscal year. The service provider also has to provide such information if the Authority
ask to provide the same at any time.

4.

If any changes occur in the transmitter installation, such as moving to a different site,
altering the power feed to the antenna or changing any characteristics of the antenna,
then the compliance must be reassessed and, if needed new compliance records be
established.
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5. The Authority shall prepare the national centre database incorporating such radiation
levels

emitted by different operators

ensure the

public safety reassuring that they are within the safety limit

prescribed by these
6.

Those data has to be made public to

guidelines.

The service providers having the radio system has to disclose their maximum radio
emission limits information to the public through appropriate means such as its
website, public notice etc from time to time to ensure the safe level of exposure of the
radio signals to the public mitigating the possible health hazard.

7.

The Authority has the right to monitor/inspect the radio emission levels emitted
from

different radio systems of the different telecommunications service

providers or auditing of compliance records in several ways. These include:
a. Selection from the license database
b. Receipt of the written complaint
c. Interference to communication

8.

The Authority will analyze and audit the compliance record regarding the radio
emission levels in line with the standards of these Guidelines.

In case of non-

compliance, the Authority would instruct the operator to comply the prescribed
standard and instruct to operate the radio system under the standards of these
guidelines within certain period. If the operator fails to comply the standard even in
the given time period provided by the Authority, the Authority may instruct to shut
down such system. The significant penalties may apply for breach of this regulatory
arrangement/s under the Act and Regulation.

9.

In case of non-compliance of the radio emission levels, the Authority has the right to
penalize the operator as per the Act and Regulation If any public is found to be
affected because of this, the operator has to compensate it and the Authority has the
right to make compensation by the service providers to the affected person.
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10.

All the licensee of Telecom operators is liable with other rules, regulations and
recommendations of electromagnetic radiations imposed by Government of Nepal
as and when specified.

5.9 Safety Precautions
5.9.1 Occupational/Professionals
Only authorized personnel should be allowed to enter into the area of the tower/transmitter
station. Because of complexity of the tower work, supervisor should control the access of
the area. A job and safety briefing should be done before entering into the area. Personnel
should wear RF safety jackets.

5.9.2 Training
Training and awareness are the integral part of the RF safety. Awareness of the potential
for RF exposure in a workplace or similar environment can be provided through specific
training as part of an RF safety program. All the relevant personnel including technicians,
engineers and managers should be well trained about the procedures and safety of the
equipment. The notices and caution/danger symbols should be kept clearly.

5.9.3 Contractor Training
All the contractors who perform the RF work should follow these guidelines. They should
be clearly brief ed about all safety guidelines by the operators who assign the job.

5.9.4 Keeping RF Warning and Caution Signage/Symbols
Warning signs and labels can also be used to establish awareness as long as the operators
provide information, in a prominent manner, on risk of potential exposure and instructions
on methods to minimize such exposure risk. Personnel trained to work in RF system should
be able to understand and recognize the various RF warning devices. RF warning devices
may include signs, barriers, fencing, and cones, flashing lights, area monitors and roped off
areas. These warning devices may be placed in the RF system areas so that they are visible
77

from any directions. It is necessary to put the following warnings signs appropriately by the
operators.
Yellow guidelines Placard
This signage is to be used to remind RF workers of work practices at sites. It is placed on
either entry or inside equipment rooms, or on cabinet doors of outside weather proof of
equipment enclosures.
Notice Sign
This is to be placed in the areas where the RF system is located and general public may
enter into. This may be placed in the gate, fence or wall the area or affixed in the tree of
surroundings.
Caution Sign
This signage is to be placed in those areas such as: doors, rooftops, equipment shelter
where there are chances of exceeding the RF energy above the limit. Some samples of the
caution signs are mentioned hereunder:

Warning Sign
This signage is placed in those areas where the RF energy is known to above safety limit.
Entering into such areas, personnel should wear the safety jacket or shall use other
appropriate safety measures. A sample of the warning sign of ionization radiation is
mentioned hereunder
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5.10 Right to Review
The Authority may review the RF safety standards prescribed through these guidelines
from time to time if deemed necessary.

5.11 Clarification
The Authority has the right to describe any of these Guidelines if some dispute or
confusion comes in understanding during the implementation and the decision of the
Authority would be final for such case.
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Annex-I

Format of Declaration of Conformity
(For Compliance of Transmitter Installations)
THIS COMPLETED FORM REMAINS WITH THE LICENSEE AS PART OF THE
COMPLAINCE RECORDS FOR A COMPLIANCE OF THE TRANSMITTER

Licensee's details
Name:
Address:
Postal Address:
Type of Telecommunication service:

Transmitter Details
Transmitter Power (in Watts):
Antenna Gain (in dBi):
Usage of Transmitter:
Transmitter Location (Site ID, Address, Latitude, Longitude) :
Antenna Type:
System Configuration (Carrier x Sector):
Antenna Height above the ground:

We declare that the radiofrequency fields produced by the above mentioned transmitter/s
do not exceed the reference levels (as in Guidelines on Health Hazard due to Wireless
Communication determined by the Authority) for general public exposure and occupational
exposure of the Authority standard.
Name:
Position in Organization:
Signature and stamp:
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Date:
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Questionnaires
1. How do you think on the necessity to prescribe the terms and conditions with
maximum exposure limit/ standard as Guidelines by the Authority to be followed
by the operators to ensure the EMR from radio communications installations for the
safety of both the public and occupational to minimize the health hazards? Give
your opinion

2. How do you think on the maximum permissible limit of electromagnetic emission
for General Public/Uncontrolled Exposure and for Occupational/controlled
Exposure as defined in the section 6.7 of the proposed Guidelines? Provide your
opinion if you have any comment with suitable reasons.

3.

Do you agree on condition to be followed by the operator to tag the equipment with
"Compliance with NTA EMR standards" as the regulator compliance mark in the
vicinity of the radio system with clearly visible and recognizable format? Suggest
your alternatives if any.

4. The service provider has to submit the Declaration of Conformity of the maximum
RF exposure from a base station after the completion of the installation of radio
system for using the radio frequency in the base station in the format as mentioned
in Annex-I of the Guideline. Please share opinion about this Declaration of
Conformity.

5. Do you agree on the proposed cautions, sign and symbols to be kept by the
operators in the periphery of the Radio Emission Area? Please recommend if you
have any other relevant symbols, sign or mechanism to aware the general public
and occupational

6. How do you think the shared responsibility of the operators in the shared co-located
transmitter environment? Do you agree the terms and conditions proposed on this
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Guideline to address the infrastructure sharing with multi-transmitter environment?
If no, provide your suggestion.
7. Do you agree the statement that the compliance record of each mobile radio stations
to be submitted by the operators within 3 months from the completion of each fiscal
year? Comment if any.
8. Provide your opinion/comment on the terms and conditions of the Guidelines under
the provisions of RF safety Measures in Base Stations, installations of antenna,
practices to reduce the RF.
9.

Provide your feedback on the terms and conditions relating to the Monitoring and
Enforcement of the proposed the Guidelines.

10. How do you think on the provision for safety precautions to be followed by the
operators in clause 5.9 of the Guideline?
11. Suggest the monitoring equipment to monitor the EMR levels emission from the
radio transmitters to be used by the Authority?
12. Provide your any other feedback, comment or suggestions related to the EMR
safety of the general public and occupational due to EMR of the operators.
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