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Abstract— Use of mobiles is increased tremendously in recent years; therefore to cover these mobile subscribers it is essential to increase the
number of base stations. Nowadays these base stations are located in intensely populated areas. People around these base stations will get
exposed to electromagnetic field (EMF) exposure which is radiated from base stations. This EMF exposure is called as non-ionizing radiation.
Non-ionizing radiation has some adverse health effects. People are not aware of it in India. Power density is measured in nearby areas of mobile
tower base stations which are located in densely populated areas. The places selected are Pachgaon, Kandalgaon, Kasba bawada, Tarabai Park,
Mahalaxmi Nagar, RK Nagar, and Jarag Nagar in Kolhapur. The EMF exposure is measured in terms of power densities and electric field which
were well below the international standard ICNIRP and national standard DoT. A questionnaire was prepared to find the different adverse health
effects faced by the people living around the base stations. Different health symptoms of electromagnetic field exposure faced by the people
within 20m, 50m and 150m are analyzed. Symptoms such as a headache and sleep disorder, daytime sleepiness, depression and memory changes
were found in the study.

Keywords- Questionnaire, symptoms, power density, electromagnetic field (EMF), Non-ionizing radiation, base stations and adverse health

effects etc.
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. INTRODUCTION Il.  MATERIALS AND METHODS

Today each and every person using a cell phone. Almost 70 to
80 % population is using mobile phones. To operate mobile
phones supportive mobile network is required. To make this
network operative base stations are required and these base
stations are installed in densely populated areas today. People
get exposed to EMF exposure. This exposure is also called as
Non-ionizing radiation. It does not make ionization with body
molecules but still, there are some effects due to non-ionizing
radiation on the human body which is unknown to us. In
recent years there is more concern about health effects caused
by EMF exposure from base stations [1][2][3][4][5]. Mobile
tower base stations radiate the electromagnetic energy this
electromagnetic energy acting as an electromagnetic field
exposure and the community living around these base stations
will come into contact with EMF exposure. Today there is
need to find out the impact of this EMF exposure on human
health or how much is the health risk due to this EMF
exposure from base stations [6][7][8]. Different studies
claimed the impact of base station radiations on the human
body such as a headache, sleep disorder, irritability,
depression, dizziness etc [11][12]. There are two types of
exposures: short term and long term exposure. In short-term
exposure, people are getting exposed to EMF radiation for a
short duration may be 10, 15, 30 minutes or 1 hour. In long-
term, this exposure duration increases up to 5 to 6 hours or
even more than that. The residential exposure was measured in
different dwellings closer to the base stations, the distances
selected were 20m, 50m and 100m.[9][10].

In May 2011, International Agency for Research on Cancer
(IARC) has classified RF field as possibly carcinogenic to
human (group 2B) based on increased risk for glioma, a
malignant type of brain cancer associated with wireless phone
use [2][15].
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A. Estimation of Power Density around Base Stations

Power density measurement was carried out on some selected
different dwellings in densely populated areas around the base
station. Initially, power density and electric field were
measured at selected base stations which are located in the
vicinity of densely populated areas. The purpose of power
density is to establish a relationship between adverse health
effects and intensity of power density and electric field. Power
density and an electric field were measured with the help of
instrument KM 195.

The power density is the rate of flow of electromagnetic
energy per unit area used to measure the amount of radiation at
a given point from a transmitting antenna. This quantity is
expressed in units of watts per square meter (W/m2) or
milliwatts per square cm (mW/cm2). The pointing theorem to
express the average power is expressed as

P=IExH]I 1)

The power density of the equivalent plane wave is generally
expressed as [14]:

Power density =% Re |[E x H | 2
Power density = | Erms |* / Zo = Zo. | Hrms |* ------ (3)

Where E and H are represented as electric and magnetic fields
intensity of the transverse electromagnetic (TEM) waves.

The characteristic impedance is expressed as

Z = po/eo 4

Where,
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po=4mwx 10" H/m and
g0 =107/36n F/m

Then after putting the values the impedance of free space is

Z =377 ohm or =120.w ohm. (5)
TEM wave is transverse and generally transmitted in free
space so it is required to consider the intrinsic impedance of
free space. the free space impedance of the medium is also
given as

n=1E /I H|ohms (6)
The magnitude of the far-field radiated by the base station
antenna system is determined by using the ray tracing
algorithm based on the geometrical optics method. Thus, the
total electric field can be expressed as a superposition of the
incident and reflected field components [12, 13]:

E total = E incident T E reflected

()

Where the corresponding incident and reflected electric field
components are:

E incigent = EO (®,0)/R . e -JBR ®
and
E refected= [P (9°,0) Eo (,0)/R’]. € R comeeeeeees )

Where p is the appropriate reflection coefficient, and Eo is the
magnitude of the incident wave.

E (®,0)= \/30Npradiated G(D,0)/R (10)
Where N is the number of carriers,

Prad is the radiated power,

G (D,0) is the radiation pattern for a particular antenna,

R is the distance from the base station,

(®,0) are spherical coordinate angles, and

B is phase constant.

In addition, using a concept the perfect ground approximation
it follows:

E toar = 2. V30Npraciatea G(P,0)/R +w-romeosmosemeeeeees (11)

B. Specific Absorption Rate (SAR)

A suitable method to describe the absorption of RF fields in
order to calculate specific absorption rate (SAR). It is
expressed in W/kg. SAR is defined as the energy imparted
from electric and magnetic fields to charged particles in an
infinitesimal volume of an absorber per unit mass and time.
SAR is energy stored in the electric and magnetic field. SAR
is derived from Poynting vector and is expressed as

Power density =% Re | E x H | poynting vector

SAR=o. [El%/p (12)
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Where o (S/m) is the electrical conductivity, E is the RMS
value of the electrical field strength vector (V/m), and p is
mass density of the medium (kg/m3).

C. Questionarie

To study the adverse health effects and problems faced by the
population living close to the base stations, the survey
questionnaire was prepared from various research papers on
various symptoms at the selected base stations in Kolhapur
city [1]. The survey was conducted on 13 different symptoms
and around 100 houses on 77 people. The scale used to study
the adverse health effects is: 0 = never, 1= sometimes, 2 =
often, 3 = very often. Health effects faced by the population
were analyzed and comparison has been made based on male,
female and distance. Before giving the questionnaire the
electric field and power density was measured at selected base
stations.

I1l. DISCUSSION

People living near mobile towers having a distance less than
20, 50 meters facing more health complaints than 100 meters
and above. Table | show that females having more complaints
and more affected than men. Daytime sleepiness, depression,
irritability, memory changes, morning fatigue, pain in joints,
heaviness in the head, difficulty in concentration and sleep
disorder these symptoms are more in the female, while
daytime sleepiness, headache, sleep disorder, memory changes
and morning fatigue are found in men. From table 1.0 on an
average 21.58 % females and 16% males are get affected by
mobile tower radiation living within 50-meter area.

TABLE I. COMPARISON OF COMPLAINTS BETWEEN MALE (28)
AND FEMALE (18) LIVING NEAR THE BASE STATION WITHIN 50M
(ALL THE FIGURES ARE IN PERCENTAGE).

Symptoms 0 1 2 3
M F M F M F M F

Day time 428 | 555 | 285 | 333 | 214 | 111

sleepiness

depression 14.2 222 42.8 33 14.2 333

Difficulty in 142 | 111 | 428 | 555 | 714 | 111 | 714 | 33

concentration

Dizziness 214 22.2 35.7 66.6 7.14

Headache 714 | 111 | 50 | 888 | 142 | 111 | 214

Heaviness in 7.14 30 66.6 14.2 22.2 14.2 111

head

Irritability 111 | 60 | 444 | 142 | 555 | 142 | 111

Memory loss/ 20 222 21.4 333 21.4

changes

Morning 714 | 111 | 357 | 555 | 33 | 222 111

Fatigue

Paininjoints | 142 | 222 | 30 | 555 | 7.4 | 222 | 214 | 222

Palpitations 142 | 222 | 428 | 777 | 714 | 111 | 7.14

of heart

Sleep disorder | 142 | 11.1 | 10 | 555 | 214 | 222 | 214

Visual 142 | 333 | 357 | 555 | 142 | 111 | 142

disturbance /

Visual

disorders

Reference: 0 = never, 1= sometimes, 2 = often, 3 = very often

Table 2.0 gives the health symptoms for the people living in

150-meter area from base station mobile tower. A headache,

depression, daytime sleepiness, heaviness in the head,

dizziness and visual disorders these symptoms are more in the

female, while daytime sleepiness, difficulty in concentration,
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heaviness in the head, morning fatigue and sleep disorder are
found in men. From table 2.0 on an average 16.57 % females
and 12.83 % males are get affected by mobile tower radiation
living within 50-meter area.

TABLE Il COMPARISON OF COMPLAINTS BETWEEN MALE (26) AND
FEMALE (18) LIVING NEAR THE BASE STATION OUTSIDE 50M
(FIGURES ARE IN PERCENTAGE).

Symptom 0 1 2 3

M F M F M F | M| F
Day time 361 | 181 | 472 | 590 | 111 | 227 | 55
sleepiness
depression 333 | 909 | 472 | 454 | 139 | 363 | 55 | 9.0
Difficulty in | 355 | 409 | 416 | 454 | 278 | 136
concentration
Dizziness 138 | 9.09 | 555 | 590 | 222 | 227 | 83 | 9.0
Headache 388 | 272 | 416 | 545 | 139 | 227 | 55 | 181
r'j:;;""ess in 277 | 227 | 416 | 363 | 278 | 363 | 27 | 454
Irritability 416 | 454 | 416 | 409 | 167 | 136 | 0 0
Memoryloss/ | 555 | 50 | 416 | 50 | 278 | o 0 0
changes
Morning 305 | 227 | 416 | 636 | 278 | 136 | © 0
Fatigue
Paininjoints | 444 | 454 | 27.7 | 318 | 22.2 | 181 | 55 | 454
Ejé'l‘;t'ta“ons of | 416 | 227 | 444 | 681 | 139 | 909 | 0 0
Sleep disorder | 41.6 | 454 | 416 | 454 | 139 | 909 | 27 | O
Visual
disturbance/ | a54 | 318 | 444 | 50 | 139 | 181 | 55 | 0
Visual
disorders

Table Ill gives the comparison of percentage of symptoms
between greater than 50 meter and less than 50 meter area
around the mobile tower.

TABLE Il — COMPARISON OF COMPLAINTS FROM ALL THE

INDIVIDUALS (77) BASED ON DISTANCE (IN PERCENTAGE).

Symptom 0 1 2 3
<50 >50 <50 >50 <50 >50 <50 >50
m m m m m m m m

Day time

sleepiness 0 54.2 49.2 53.1 30.9 16.9 16.2 5.55

depression 36.5 42.4 37.9 92.6 23.8 25.1 0 7.32

Difficulty in

concentration 25.3 714 49.2 87.1 9.12 20.7 20.0

Dizziness 43.6 22.9 51.1 57.3 7.14 22.4 0 8.71

Headache 18.2 66.1 69.4 96.2 12.6 13.9 21.4 11.8

r'j::c}”"ess N | 714 | 505 | 483 | 780 | 182 | 320 | 139 | 365

Irritability 11.1 87.1 52.2 82.5 34.9 15.1 13.9

Memory loss/ 105.

changes 5 21.1 91.6 27.3 2.78 214

Morning

Fatigue 18.2 53.2 45.6 52.6 27.6 20.7 111

Pain in joints 36.5 89.8 42.7 59.5 14.6 20.1 21.8 5.04

palpliations of | 365 | 643 | 562 | 563 | 912 | 114 | 7.4

Sleep disorder 25.3 87.1 32.7 87.1 21.8 114 21.4 2.77

Visual

disturbance /| 476 | 675 | 456 | 944 | 126 | 160 | 142 | 555

Visual

disorders

From table Il the people living less than 50-meter area are
facing symptoms such as a headache, memory loss/changes,
pain in joints, sleep disorder, daytime sleepiness, irritability,
and morning fatigue. A headache, heaviness in the head,
morning fatigue and pain joints these symptoms were found in
people living around the base station and distance was
approximately 100 meters. After studying tables 1.0, 2.0 and
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3.0 the overall symptoms observed in people living around the
close proximity of mobile tower base stations were listed as a
headache, memory changes/ loss, sleep disorder, daytime
sleepiness, pain in joints and irritability.

TABLE IV COMPARISON OF COMPLAINTS BETWEEN MALE (15)
AND FEMALE (12) LIVING NEAR THE BASE STATION WITHIN 20M
(FIGURES ARE IN PERCENTAGE).

Symptom 0 1 2 3

M F M F M F M F
Day time sleepiness 20 40 | 25 | 60 | 25
Depression 20 40 60 | 50
Difficulty in 20 40 | 25 | 20 | 25 | 80
concentration
Dizziness 60 40 50
Headache 25 60 50 60 20
Heaviness in head 20 20 25 40 40 | 25
Irritability 60 40 | 50 | 20
Memory loss/ changes 20 50 [ 60 | 25 | 40
Morning Fatigue 40 60 40 | 25
Pain in joints 20 40 50 | 20 20
Palpitations of heart 60 40 50
Sleep disorder 40 50 | 40 40
V!sual d!sturbance / 20 60 25 20 | 25
Visual disorders

Table IV shows the comparison of complaints of people living
very close to the base station tower that is 20 meters. Here the
major symptoms found were day time sleepiness, difficulty in
concentration, heaviness in head, morning fatigue and sleep
disorder.
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Figure. 1.0 Symptoms and their percentage for distance within
50m from base station.

Figure 1 shows the bar graph of different symptoms and their
percentage. Memory changes is having highest percentage
25%, day time sleepiness and depression 23% , morning
fatigue 22% and sleep disorder 22%.
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Figure 2.0 Symptoms and their percentage for distance within
20m from base station

Figure 2 represents the gravity of different symptoms in terms
of pie chart within 20 meters.

IV. CONCLUSION

The results are presented here table I, I and 111 as well as from
figures 1.0, 2.0. From the table | and figure 1.0 it is found that
the people living within 50-meter area from the base station
they are facing problems like daytime sleepiness, depression,
irritability, memory changes/loss, morning fatigue and sleep
disorder. The percentage of these symptoms ranges from 20
% to 26 %. Table Il and figure 2.0 shows that people living
within 100-meter area from the base station are facing
problems such as morning fatigue, difficulty in concentration
and heaviness in head. Their percentage was 12 %. In the third
case i.e. within 20-meter area from the base station the
symptoms found were morning fatigue, daytime sleepiness,
difficulty in concentration, headache, heaviness in head and
sleep disorder. Their percentage ranges from 11 % to 14 %.

The overall symptoms found in the people were morning
fatigue, sleep disorder, difficulty in concentration and daytime
sleepiness.
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