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ABSTRACT 

To increase the coverage area there is tremendous growth in 

cellular antenna installations on mobile towers, this increases 

the electromagnetic field exposure in nearby areas.  This work 

presents measurements taken near the cellular mobile towers 

which are situated in densely populated urban areas in India. 

Measurements were conducted at distances ranging from 10m 

to 150m at height 1.5m and it is along the radiating direction 

of the antenna using a 3 axis field strength meter KM 195 to 

obtain power densities and electric field intensities. It was 

observed that most of the cellular base station antenna sites 

following the Indian guidelines for cellular phone radiation 

measurements. The average power density noted is 3479.65 

μW/m2. A total 80 % of the power densities increase beyond 

500 μW/m2. The amplitude of electromagnetic field exposure 

(EMF) depends on distance, height of base station tower, 

number of antennas on base station tower and direction. In 

densely populated residential areas the line of site distance 

available was up to 100m and thereafter non line of site 

distance exists. It is observed that line of site power density 

was greater than non line of site power density.  The results 

shows that, especially in some places near the cellular base 

stations the power densities were more and at some other 

places densities were too low, it is found that there was drastic 

change in power density and electric field intensity everyday 

and by measuring the general electromagnetic field exposure 

one can provide this data to the agencies who were control the 

electromagnetic field exposure and minimize the undesirable 

health effects.   
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1. INTRODUCTION 
The cellular base stations are always radiating the 

electromagnetic field even when no one is using the mobile 

phone. As per the norms cellular base station transmitting 

antennas are supposed to away from residential areas by 100 

to 300 meters depending upon the density of the population. 

In Kolhapur the cellular base stations (CBS) are mainly 

located in heart of the city. In cellular mobile communication 

directional antennas are more popular than Omni-directional 

as they cover the required section of the population. As told 

earlier, Sectored antennas are widely used because they cover 

different areas. There are two types of electromagnetic (EM) 

radiations, one is Ionizing radiation and second is Non-

Ionizing radiation. Generally cellular base stations transmit 

Non-Ionizing type of EM radiation. That is it makes no 

ionization with our body molecules. But still there are some 

undesirable health effects of it. Therefore it is today’s need to 

measure and analyze the radiation from cellular base stations 

(CBS) which are positioned in densely populated residential 

areas. 

There is much awareness in developed foreign countries 

regarding non-ionizing radiation from CBS. The health effects 

like headaches, fatigue, dizziness and sleep disorders were 

experienced by the natives who are leaving near the CBS but 

there is no precise way to find that these effects are due to 

CBS radiation.    

Only in very few cases EMF exposure level go beyond 

guideline value close to antenna sites. Therefore, very 

inadequate information is available on the EMF exposure 

from CBS radiation in densely populated residential. 

The objective of this is paper is to measure residential 

exposure, perform statistical calculations, and compare results 

with various international standards. Measurements were 

performed at 10m distance difference that is 10,m, 20m, 30m, 

40m up to 150m and in some cases it is up to 100m in the 

region of  cellular base station (CBS) antenna towers. 

The radiating elements (antennas) are generally placed on 

CBS towers. The average antenna height is in between 100 

feet to 200 feet. On the most of the cell phone towers the 

sectored directional antennas were mounted. People are 

exposed to EMF radiation due to major and minor of the 

antenna radiation pattern mostly due to major lobe radiation. 

In India, the internet and telephone service providers such as 

BSNL, Reliance, Idea Cellular, Aircel and Bharti Airtel have 

installed thousands of CBS all the way through the country. In 

near future more and more CBS may be installed in urban 

areas of India.. 

Numerous factors will affect the amplitude of the EMF 

exposure measured from the CBS. Power density was more in 

major beam direction and low in minor lobes. The power 

densities vary in accordance with number of calls, time of 

call. Litovitz found that other EM sources such as TV and 

radio broadcast transmitters and electrical appliances, affects 

the power densities. 

A number of organizations and various government 

authorities have created most useful guidelines to save general 

public and employees from the extreme RF radiation emitted 

from the CBS. Such international organizations are FCC, 

ICNIRP, NCRP, IEEE, NRPB and CENELEC [1-9] they 



 

Communications on Applied Electronics (CAE) – ISSN : 2394-4714 

Foundation of Computer Science FCS, New York, USA 

Volume 4– No.3, January 2016 – www.caeaccess.org 

 

6 

developed general guidelines regarding EMF exposure from 

cellular base stations for the society and employees. Usually, 

the confines lay down by these authorities and organizations 

are similar.  Table 1.0 shows general and occupational 

exposure limits. 

Table 1. General and occupational exposure limits for 

frequency range 824–894 MHz 

Associations Frequencies Exposure Range 

NCRP, IEEE, FCC  824–894 MHz 5.50–6.00 W/m2 

NRPB 824–894 MHz 31.0–33.0 W/m2 

ICNIRP 824–894 MHz 4.40–4.50 W/m2 

The working exposure limit 

NCRP, IEEE, FCC 824–894 MHz 28–30 W/m2 

NRPB 824–894 MHz 31–33 W/m2 

ICNIRP 824–894 MHz 21.8–22.4 W/m 

 

In our country 900 MHz and 1800 MHz frequencies were 

used by Cellular mobile communication in India, the EMF 

exposure boundaries lay down by ICNIRP are 450 and 900 

mw/cm2, respectively. Most of the counties following the 

guidelines set created by IEEE and ICNIRP. Several studies 

are going on, on the topic adverse health effects due to the RF 

radiation from CBS [15, 16, 19]. Therefore, most of the 

developed countries have accepted hard rules to control the 

EMF exposure limits. For example, Salzburg, china, Poland, 

Italy, Russia, Switzerland and Austria has put the exposure 

limit as 0.1 W/m2. This is hundred times lesser than the 

boundary lay down by ICNIRP and FCC, which is equal to 10 

W/m2. Table 2.0 shows the general and working exposure 

confines for frequency range 1850–1990 MHz. 

 
Table 2. General and working exposure limits for 

frequency range 1850–1990 MHz 

Organizations 
Frequency 

range 

General 

Exposure 

limit 

FCC and NCRP 
1850–1990 

MHz 
10 W/m2 

NPRB, IEEE, 

ICNIRP   

1850–1990 

MHz 

10–15, 7.5–10 

and 92–100 

W/m2 

The working exposure limit 

NCRP and FCC  
1850–1990 

MHz 
50 W/m2 

NPRB, IEEE, 

ICNIRP   

1850–1990 

MHz 

50–73, 37.5–

50 and 92–100 

W/m2 

 
The international organizations like ICNIRP,ARPSNA,  

NRPB and in India DoT has given the guidelines to the 

society and commercial organizations to transmit the EMF 

radiation up to certain level which is not harmful to the 

common people which are leaving surrounding the CBS. But 

in most of the cases or in metropolitan cities these 

organizations which are handling the base stations not 

following the radiation rules, also number of antennas 

mounted on the each tower they are varying in numbers. 

various studies related to EMF exposure from base stations 

mentioned different adverse health effects of  RF radiation 

from CBS such as dizziness, headaches, fatigue, sleep 

disorders, irritability etc.        

Thus, major European countries grant serious concern to the 

thermal effects due to the RF radiation from CBS. Some EMF 

exposure guidelines gives importance to various sensitive 

places such as schools, hospitals etc.  

Mobile phone gives the exposure only during the 

communication period but CBS radiates Electromagnetic 

radiation 24 hours uninterruptedly in the surrounding area. 

CBS towers are mounted on building terrace in urban areas. 

As a result, study on the measurement of the power densities 

of the antennas from the cellular base stations is essential and 

important one. [11-14]. Measurements of EMF exposure at 

such places is useful in finding the EMF exposure of the 

common population and also check the EMF exposure level 

whether it is below the reference level or not. The next section 

explains the actual methodology of the general EMF field 

exposure from CBS. 

2. MATERIALS AND METHODS 
Nowadays the measurement of EMF exposure due to cellular 

base stations is essential to avoid the excessive radiation from 

base stations. Base stations were selected according to number 

of antennas mounted on the base station antenna sites and 

population around the tower from Kolhapur city.  

The base stations are selected from densely populated areas 

from Kolhapur city. Locations of the base stations, height of 

antenna, and number of antennas on tower are the important 

parameters; generally all the base station towers are from 

densely populated areas and close to the residences. 

Measurements were completed using a 3 axis field strength 

meter KM 195.  

EMF exposure is measured with the help of this instrument 

from 800 MHz to 2.5 GHz. The meter covers entire cellular 

frequency band. Measurements were taken during the daytime 

from 8.00 a.m. to 4.00 p.m. All EMF measurements were 

taken on sunny days in February and March, 2015. 

 Measurements were repeated again and again, and then the 

power density is averaged. Initially the base station was 

selected for measurement of EMF exposure and then readings 

were noted after every one hour between 8am to 5pm. to  

observe the variations in the power density. Measurements 

were started from the bottom of the CBS, and measured 

radiation from 10 m to 150m.  

Measurements were taken in the increments of 10 meter 

distance i.e. 10m, 20m, 30m, 40m, up to 150 meters. All 

measurements were performed on sunny days; power density 

and electric field intensity both are measured simultaneously 

at height approximately 1.5 meters. Some cellular base station 

towers are mounted on ground and some on rooftop of 

buildings. The average height of the cellular base station 

tower is around 100 feets. The height chosen for the 

measurement was 1.5m because in India the average height of 

the people is somewhat around 5 feet. 

From measurements it was observed that radiation power 

density is maximum in the major lobe direction of the 

transmitting antenna and less in minor lobes direction. The 

fluctuations in the power density and electric field intensity 

are more.  

Here both line of sight and non line of sight of EMF exposure 

situations were studied. Average numbers of antennas 

installed on the cellular mobile towers were around fifteen. 
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For electromagnetic field (EMF) exposure there are some 

reference levels set by international organizations such as 

ICNIRP, WHO, IEEE, FCC and ARPSNA etc. most of the 

countries follow the reference levels set by ICNIRP. Table 1.0 

shows international exposure limits for 900 MHz.   

These reference levels were revised in September 2012 by 

department of telecommunications (DoT) for frequencies 900, 

1800 and 2100. Table 1.1 shows revised DoT norms for EMF 

exposure. 

Table 1. International EMF radiation norms for mobile 

towers (BTS)[2,3] 

International Exposure limits for EMF (900 MHz) 

0.45 W/m2 Exposure limit in India 

4.5 W/m2 ICNIRP and EU recommendation 1998 

6.0 W/m2 USA, Canada and Japan 

2.0 W/m2 Exposure limit in Australia 

1.1 W/m2 Exposure limit in Belgium 

1.0 W/m2 Exposure limit in Italy, Israel 

0.5 W/m2 Exposure limit in Auckland, New Zealand 

0.45 W/m2 Exposure limit in Luxembourg 

0.4 W/m2 Exposure limit in China 

0.2 W/m2 Exposure limit in Russia, Bulgaria 

0.1 W/m2 Exposure limit in Poland, Paris, Hungary 

0.1 W/m2 Exposure limit in Italy in sensitive areas 

0.095 W/m2 Exposure limit in Switzerland 

0.09 W/m2 

 

ECOLOG 1998 (Germany) Precaution 

recommendation only 

0.001 W/m2 Exposure limit in Austria 

 

Table1.1 Revised EMF radiation norms for mobile towers 

(BTS) in India. 

Frequency 

ICNIRP 

Radiation 

norms 

 

Revised DoT Norms 

effective from 

September 2012 

 

900.0 MHz 4.5 W/ m2 0.450 W/ m2 

1800.0 MHz 9.0 W/ m2 0.90 W/ m2 

2100.0 MHz 10.5 W/ m2 1.050 W/ m2 

 

Another restriction in the EMF exposure is on the antennas, 

that is how many cellular antennas one can install on the 

cellular base station tower [10]. Table 1.2 gives the 

information regarding number of antennas and the safe 

distance. Distance between dwellings and base station 

antennas changes according to number of antennas mounted 

on the base station tower. 

Table1.2 Safe distance in case of multiple antennas 

S.No. 

Number of 

Multiple 

Antennas on a tower 

Safe Distance (in 

meters) 

1 2 35 

2 4 45 

3 6 55 

 

3. RESULTS 
The measurements of power densities were performed at 5 

places in Kolhapur city in India and around 15 cellular mobile 

base stations. 

Table 1.3 shows the measured power density and electric field 

intensity at base station site; population density was higher 

around the base station. It is found that up to 120m the power 

density was increased and then it was decreased, this base 

station comes under LOS. Here maximum average power 

density and maximum power density were 25550 µw/m2 and 

40380 µw/m2. The maximum average electric field intensity 

found was 2857 mv/m. 

Table 1.3 Measured data at base station 

Distance 

(m) 

Avg. 

power 

density 

µw/ m
2
 

Avg. 

Electric 

field 

mv/m 

Max. 

Avg. 

power 

density 

µw/ m
2
 

Max. 

power 

density 

µw/ m
2
 

10 2770 1470.4 5556 6174 

20 2905 1245.4 32340 34340 

30 2110 1401 4359 4421 

40 2485 1185.1 32340 34340 

50 1785.8 1167 32340 34340 

60 3168 1306.3 32340 34340 

70 2305 1226.6 32340 34340 

80 2346 1300.4 32340 34340 

90 3038 1384.9 32340 34340 
100 6026 2194 32340 34340 

110 12470 2267 32340 34340 

120 10018 2428 32340 34340 

130 4175 2465 32340 34340 

140 18430 3878 32340 34340 

150 20170 3166 32340 34340 

 

From table 2.0 from graph it is found that the maximum 

power density was 34.34 mw /m2, maximum average power 

density was 32.34 mw/ m2 and average power density was 

20.17 mw/ m2.  

Figure 2. shows daily variations in the average power density 

from base station. The variation in power density is from 120 

µw/ m2 to 520 µw/ m2.   

Figure 3. shows daily variations in the electromagnetic field 

exposure from base station. The variation in electric field is 

from 100 mv /m   to 500 mv /m
 
.  

It was found that power densities varied both in space and 

time. Large fluctuations in the readings were observed at 

every site and for every measurement. There were large 

discrepancies between the maximum and the minimum values 

at every base station site.  
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   Figure 2.0 Daily variations in power density 

 
 

Figure 3. Comparison of EMF exposure reference levels 

The power density of base station transmitting antenna sites 

increases up to 100 meters and then it decreases as shown in 

figure 1.0. The maximum power density measured was 51.36 

mw / m2 and electric field intensity measured was 18.905 v/m. 

Power density and electric field were measured in the 

transmitting direction of the base station. In case of LOS the 

EMF exposure increases up to 100 meters but in case of 

NLOS it increases up to 50 to 80 meters. There were more 

variations in the daily EMF exposure, to observe these 

variations power density and electric field were measured 

from 8 am to 8 pm as in figure 2. 

In figure 4. The comparison of power density levels with 

standard reference levels set by different countries is 

elaborated. In most of the cases the measured field exposure is 

well below the reference level. But in one of the case it is 

above the reference level. 

4. CONCLUSION 
After measuring the electromagnetic field exposure in the 

surrounding area of cellular base stations it is found that 

electromagnetic field exposure was increasing up to 100 

meters in case of LOS and decreases after 110 meters. In case 

of NLOS electromagnetic field exposure increases up to 70 

meters and then decreases. 

This measured data is useful to control the radiation from base 

stations. One can extend this work to study the undesirable 

health effects due to the RF radiation from base stations as 

future work. Also the measured data can be analyzed by using 

advanced EMF exposure software such as EM CUBE, Field 

view and FEKO. 

Electromagnetic field exposure around base station was 

fluctuating all the time. The maximum, average maximum and 

average power densities were 40.38 mW / m2, 25.55 mW / m2 

and 19.97 mW / m2. Maximum electric field exposure was 

2.857 v /m. All measured values were well below the 

threshold level set by ICNIRP. 
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