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Abstract: Based on Base Transceiver Station (BTS) and Mobile Station (MS) radiation, the residence of Kushtia district in
Bangladesh is usually concerned with the potential health effects. Inhabitants, living in this part of Bangladesh are using
communication, internet browsing, and other related uses with the help of mobile cellular communication system. The
subscriber needed improving radio coverage, excellent communication networks, and quicker speed for internet browsing with
the recent developments in mobile cellular communication technologies. To meet this demand, service providers of mobile
cellular companies set up several BTS, which emit harmful radiation that has extremely detrimental impact on the human body.
Through this paper, the effects of electromagnetic radiation of MS as well as BTS on the human body have been analyzed and
Electromagnetic Field (EMF) radiation levels of MSs along with BTSs located in this region have been measured. These
measurements have been compared with the measured value provided by the World Health Organization (WHO) and
International Commission of Non-lonizing Radiation Protection (ICNIRP). Finally, a cross-sectional analysis was carried out
to evaluate the understanding and self-reported health risks of Electromagnetic waves (EMW) radiation emitted from the MS
as well as BTS among the inhabitants of this region who are living near and a little away from BTS.

Keywords: Mobile Cellular Communications, Base Transceiver Station (BTS), Mobile Station (MS), Electromagnetic field
(EMF), lonizing and Non-lonizing Radiation

l. Introduction

The present era is the technological era. The inhabitants of the world are presently dependent on technology. The use
of mobile phones called Mobile Station (MS) has been increasing rapidly in the world for the last few decades and in the
coming days, the same pattern will continue as the worldwide number of cell phone subscribers are continuously rising
and applications are increasingly data-intensive (Nokia, “Looking ahead to 5G”, Espoo, Finland, 2014, Cisco, 2015,
Ericsson, 2014, GSMA Intelligence, 2019). According to S.O’Dea’s statistics, the number of mobile users in the world
in 2020 was 6.95 billion. Based on this figure, they also predict that the number of mobile users in 2021 and 2024 will
stand at 7.1 billion and 7.41 billion respectively. Although Bangladesh is a developing country, the numbers of mobile
users are increasing in line with the world. As stated by Bangladesh Telecommunication Regulatory Commission
(BTRC) statistics, at the end of December 2020, in Bangladesh, the number of active mobile users was 170.137 million
(Bangladesh Telecommunication Regulatory Commission, 2020). With the increase in the number of mobile users, it
has become necessary to escalate the number of Base Transceiver Station (BTS) is called Mobile Tower of cell phone
companies. BTSs are nothing but radio transmitters positioned on either free-standing masts or on buildings that allow
the mobile user and a network to communicate wirelessly. BTS antennas operate macrocells or macrosites covering an
area of approximately 9.67 kilometers in diameters using a high power transceiver typically tens of watts placed on a
standalone tower usually 32.8 to 98.4 foot high from the ground or on the top of the buildings or connected to the side of
buildings. Usually, every tower supports 120° sectoring three antennas to cover 360° or one omnidirectional antenna.
Two types of radiation patterns are formed from antennas, the horizontal plane where radiation is maximum in front and
reduces in the other direction; another is vertical plane where radiation is maximum in main lobe and less in minor lobe.
The main lobe of the radio antenna is slightly lower; however, it does not reach the ground level until crosses at least
185-foot from the tower. Radio signals are transformed to the antennas via cables and then propelled into the region or
cell around the BTS as radio waves (G. Neubauer, H. Haider, K. Lameds et al.2003). People who are living within 164-
foot to 985-foot radius from the BTS antennas are in the high electromagnetic radiation zone at extreme health risk
(Mobile Telecommunications and Health Research Program (MTHR), Report-2007). According to the International
Radio Frequency (RF) region, Kushtia district is also located of the region. The district is home to the tomb of the
emperor Lalanshah, Rabindranath’s Kuthibari, many wise people including Mir Mosharraf Hossain, the author of
Bishad-Sindu. The only government Islamic University established after the independence of the country is located in
this district. It is called the cultural capital of Bangladesh. The area of this district is 1621.15 sq.Km. It has a population
of 23, 66,811 of which 50.6% are males and 49.14% are females. 95.72% of the population is Muslim, 4.22% is Hindu
and 0.08% follows other religions. The numbers of mobile cell phone users are increasing in the Kushtia district.
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Therefore, mobile companies are also increasing the number of BTS to cover the cellular services with a satisfactory
level among the people of the region. The wireless communication between BTS and MS has a lot of radiation effects
on human health (World Health Organization, Electromagnetic Fields and Public Health, 2014, M. Otto and K. E. von
Muhlendahl, 2007, A. W. Preece, S. Goodfellow, M. G. Wright et al, 2005, M. Blettner, B. Schlehofer, J. Breckenkamp
etal., 2009, A. P. M. Zwamborn, S. H. J. Vossen, et al., 2003, P. Elliott, M. B. Toledano, J. Bennett et al., 2010, Tapasy
Rabeya, Mst. Eshita Khatun, Syed Akhter Hossain, 2020, Sheikh Mohammed Shariful Islam, 2014, Ahmed Mahfuz
Tamim, Mohammad Rashed Igbal Faruque, Mayeen Uddin Khandaker et al., 2020).
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reduces in the other direction and less in the minor lobe.

Fig. 1 Radiation pattern of an antenna (Prof. Girish Kumar, 2010)

As far as | know, no literature has been published on the harmful effects of radiation from MS as well as BTS on the
people in the Kushtia district in Bangladesh. The main purpose of this study is to identify the harmful effects of
radiation on the human body emitted from BTS and MS to raise awareness of the aforementioned effect among the
people of this region. To implement the purpose of this work, Firstly, the effects of electromagnetic radiation of MS as
well as BTS on the human body have been analyzed and EMF radiation levels of BTSs located in this region have been
measured. Secondly, these measurements have been compared with the measured value provided by the World Health
Organization (WHO) and International Commission of Non-lonizing Radiation Protection (ICNIRP). Finally, a cross-
sectional analysis was carried out to evaluate the understanding and self-reported health risks of EMW radiation emitted
from the MS as well as BTS among the inhabitants of this region who are living near and a little away from BTS. The
major contribution of this paper can be summarized as follows:

1. The effects of Electromagnetic Radiation of MS as well as BTS on the human body (five organs tissues) have
been analyzed and Electromagnetic field (EMF) radiation levels of MSs along with BTSs located in study region
have been measured.

2. These measurements have been compared with the measured value provided by the WHO and ICNIRP.

3. Finally, a cross-sectional analysis was carried out to evaluate the understanding and self-reported health risks of
EMW radiation emitted from the MS as well as BTS among the inhabitants of this region who are living near and
a little away from BTS. The remains of the paper are structured as follows: In part I, cellular communication
situation of Kushtia district perspective in Bangladesh. In part I1l, analyzing different parameters for measuring
radiation. In part IV, observational tests. In part V results and discussion. Conclusion is shown to the last part of
this paper.

1. Cellular Communication Situation of Kushtia District Perspective in Bangladesh

At present, the number of MS users in Bangladesh is 170.137 million and the number of BTS or mobile phone
towers is about 3550 which is being served by five major mobile phone operators, namely; Banglalink, Grameenphone,
Robi, Airtel, and Teletalk (The daily Star,”HC seeks BTRC report on mobile tower radiation, 2019). According to the
above statistics, the total number of mobile towers and mobile users are approximately 100 and 2.6 million, respectively
in Kushtia, Bangladesh. Cell phone towers called BTS are being set up in densely populated areas to meet the growing
demand for mobile cellular communications and to improve network coverage. As a result, the residents of the area are
suffering from various diseases/health threats that have been mentioned. Mobile cell tower antennas in the Kushtia
district of Bangladesh are producing based on three frequency ranges, namely: 900MHz, 1800MHz, and 2100MHz
respectively, for the supply of up to 4G networks by various mobile phone operators. People living in the vicinity of
these high frequency microwaves emitted from cell phone.
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Table 1. Safety limit values of radiated power density and electric field strength measured by WHO and present
situation in Kushtia, Bangladesh for the cellular communication system

Different WHO Measured power level WHO Measured Electric
Frequency Bands recommended density by BTRC in recommended field by BTRC in
(MHz) standard power Kushtia, Bangladesh standard level of Kushtia, Bangladesh
level density (w/m?) Electric field (v/m) (v/m)
(w/m?)
GSM 900 4.66 10.37 41.99 52
GSM 1800 9.01 10.38 57.99 71.56
GSM 2100 10.02 5.56 61.01 66
(UMTS)

towers may be at risk of various health problems (S. Reza, 2019). Due to the risk of cell phone tower radiation,
owners of multi-storied buildings in Kushtia, Bangladesh, sometimes have trouble renting apartment around the top of
the roof. However, some residents of this region having still lack of awareness of this issue. In March 2017, a high-level
committee formed by the Ministry of Health of Bangladesh submitted a report to the High Court regarding the radiation
of BTS on which mobile operators were not following the WHO guidelines to provide cellular mobile communication
between BTS and MS. Some of the indicators are considered for radiation measurement to include the level of power
density, the strength of electric field and SAR rate. A report has mentioned by WHO, how much power density level
and electric field strength is safe for human of different frequency bands in cellular communication systems. The BTRC
has measured radiated power density and electric field strength from cell phone towers (BTSs) in Kushtia district
including Dhaka which is the capital city in Bangladesh and a comparison is shown in Table 1 with the standard of
measurement for safety limits given by WHO. Since Bangladesh is a densely populated country, many rural areas of
Kushtia district including Kushtia town is also densely populated area. Therefore, BTRC should monitor the amount of
radiation emitted from mobile cell phone towers which the tribunal has recommended (Dhaka Tribune, 2019). Usually,
two types of radiations are formed, namely: lonizing and Non-ionizing radiations. The work we are analyzing in this
paper is non-ionizing radiation. There are many sources of EMF, like Cell phone towers and MSs. The amount of power
transmission from cell phone tower, as well as MS, is 20 W and 1 to 2 W, respectively. Two types of antennas
(Rectangular, Circular) are used in cell phone towers at Base Stations in Kushtia, Bangladesh.

I11.  Analyzing Different Parameters for Measuring Radiation

Radiation is measured depending on two parameters, pattern of radiation and density of the power of the transmitted
frequency from the base station of the cell phone towers antennas. The radiation pattern is shown in Fig.2. The radio
frequency safety limit depends on two parameters, namely whether the power density level is greater than the strength of
the electric and magnetic fields. In the case of safety limits, the electric and magnetic fields of low frequencies are more
significant but for the high frequencies only value of power density should be determined. A Radio Frequency (RF)
transmitter’s far field, relation between density of power level and field strength is shown by the following equation.

E
Pd=—5 1
377 @)
Where, Pi is the density of power (Watt/m?) and Eer is the electric field strength (Volt/m) and 377 is the
characteristics impedance for free space.

The radiation measurements have been made from the survey areas of BTS and MS. An isotropic broadband antenna
(19.99 MHz to 5.99 GHz) and a portable spectrum analyzer (6.44 GHz) have been used to measure BTS radiation (Thae
Mar Than, Su Su Yi Mon, 2020). On the Other hand, a power density meter (Electrosmog meter, Model-
CORNET®ED-78SPlus) has been used to measure the radiation of MS. With the help of these instruments, field
strength of Electromagnetic waves, level of power density and magnetic field of low frequency have been measured in
the human habitable environments (Electrosmog Meter, Model NO. CORNET®ED-78SPlus, 2019). The device has a

high sensitivity of 100MHz to 8GHz RF bandwidth and a sensitivity of 0.1 to 60 bt (1-600 mG) with a Low
Frequency (LF) bandwidth of 50Hz to 10KHz (M. Quamruzzaman, M. Haque, S. Haque, and Utpal Chandra Das,
2020). Three parameters are important to find out how much radiation is absorbed in the human body, namely: Electric
field strength, Power density, and Specific Absorption Rate (SAR). To measure the amount of radiation from the RF,

absorbed by the human body, SAR is used. A standard value of SAR provided by WHO is 1.66 wikg . The effect of
radiation on the five organ tissues of the human body (blood, brain, kidney, muscle, and skin) has been calculated by
calculating the value of SAR. With the help of an antenna, Model: N6850A, its effect on the 900 MHz and 1800 MHz

frequency bands have been analyzed. This model can provide 1 KW power and 690 MHz {5 the 2X2690MHz
frequency range. SAR can be calculated by the following equation (Hoque, A. K. M. F., Md. Sazzad Hossain, A. Sattar
Mollah, Md. Akramuzzaman, 2013).
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Where, %t is the tissue conductivity (S/m ), Prma js the human mass density ( efs is the electric field

strength (V/m ). Electric field strength can be calculated by using the following equation.

efs R

Where, P is the transmitted power (W ), G, is the transmission gain (dB ), Riis the distance (M).

Finally, a cross-sectional survey has been completed among 500 participants in the Kushtia district from September,
2020 to January, 2021. Participants from the study area were selected to get the answer to some questions that became
very effective in analyzing the main goal of this work. Participants were selected who are residing near BTS as well as
away from BTS. Many of the participants refused to give the answer of some questions due to their busy schedules but
about 95% of the participants were participated spontaneously to give the answer of the questions. Different features
were considered of the participants. For example: the use of mobile cell phone, which company’s cell phones, at what
time and for how long mobile cell phone usage, habits, age, etc are called epidemiological data.

IV. Observational Tests

Frequency bands of Global System for Mobile Communications (GSM) for radiation measurement of cell phone
towers (BTS) which is used in the Kushtia district of Bangladesh. Table-2 shows the frequency bands of GSM. The
observational test of Kushtia region shows the measurement data at 950 MHz and 1810 MHz in Table-3.

Table 2. Frequency bands of GSM
Frequency bands of GSM E-GSM DCS-1800
900 1800

880-915 1710.2-1784.8
935-960 1805.2-1879.8

Frequency, f (MHz2)
Uplink T (MHz) (MS to BTS)
Downlink f (MHz) (BTS to MS)

Numbers of Channel 1-124 512-883
Equivalent band of LTE 8 (Subsets) 3
Table 3. Extended-GSM 900 and Digital Communication System (DCS)-1800
Extended-GSM 900 Digital Communication System-1800
RF Channel No. Downlink f (MH2) RF Channel No. Downlink f (MH2)
1,2,3,4 935.2, 935.4, 935.6, 935.8 512, 513, 514, 515 1805.2, 1805.4, 1805.6, 1805.8
56,78 936, 936.2, 936.4, 936.6 516, 517, 518, 519 1806, 1806.2, 1806.4, 1806.6
9,10, 11, 12,.... 936.8,937,937.2,937.4....... 520, 521, 522, 523.... 1806.8, 1807, 1807.2, 1807.4.....
73,74, 75, 76.... 949.6, 949.8, 950, 950.2...... 534, 535, 536, 537.....  1809.6, 1809.8, 1810, 1810.2.....
121,122,123, 124 959.2, 959.4, 959.6, 959.8 881, 882, 883, 884 1879, 1879.2, 1879.4, 1879.6
Table 4. Measurement data for Electric field and power density
GSM-900 (935 MHz to 960 MHz) DCS-1800 (1805 MHz to 1880 MHz)
Measured at 950 MHz Measured at 1810 MHz
Distance Location Channel Electric Power Channel Electric Power
from BTS From BTS Power field density Power field density
dBV /'m Vi/im MW /m? dBuV /m Vi/im LW [ m?
40m Front 73.82 0.005 0.663 89.55 0.029 2.231
50 m Left side 70.67 0.004 0.024 82 0.012 0.382
Right side 64.86 0.003 0.023 78 0.006 0.095
60 m Road 65.56 0.002 0.010 77 0.006 0.095
Between homes 63.71 0.002 0.010 75.12 0.005 0.066
70 m Road 66.96 0.001 0.002 74.70 0.005 0.066
Between homes 61.49 0.004 0.024 86.40 0.021 1.170
90m Road 71.96 0.001 0.002 77.29 0.022 1.284
Between homes 62.49 0.001 0.002 78.19 0.008 0.169
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Table 5. Density and conductivity of human tissues

- - .
Different organ tissue Density P (kg/m ) Tissue conductivity o (S/m)
For 900 MHz For 1800 MHz
Blood 1055 1.53 1.99
Brain 1028 1.27 1.69
Kidney 1026 1.38 1.93
Muscle 1028 0.93 1.33
Skin 1099 0.87 1.17

Data has been recorded by maintaining some distances around the BTS from the BTSs in Kushtia town as well as
outside from the town. Measurement data for power density and electric field are shown in Table-4 at GSM 900 MHz
and GSM 1810 MHz frequencies. Analytical analysis of electric field and power density depends primarily on the place
of the measurement in all areas. Table-5 shows the density and conductivity of five types of human tissues at 900 MHz
and 1800 MHz frequency bands.

V. Results and Discussion

2

Channel power (dB”V/m/ZOOKHZ), power density (“W/m ), and electric field (V/m) at different distances
(40m, 50m, 60m, 70m, 90m) from the BTS in the survey area were measured using the frequency bands of 950MHz and
1610 MHz as shown in Table-3. From the measured data, it appears that the magnitude of the channel power and
electric field gradually decreased while the measurement location was taken away from the BTS. It is also noticed that
different values of channel power, power density, and electric field were found within the same distance. Since there
were no obstacles between BTS antennas and some measured location antennas. On the contrary, there were many
obstacles between the RF propagation path, such as, buildings, trees or any other reflector of RF signal. Analyzing this
measured data, it can be said that people who living near BTS are more exposed to electromagnetic radiation. In the case
of 900 MHz and 1800 MHz frequency bands, simulation results of the SAR for different human tissues (blood, brain,
kidney, muscle, and skin) are shown in Fig 2, Fig 3, Fig 4, Fig 5, and Fig 6. WHO recommended that a standard value

of SAR is 1.66 wikg . From the simulation results it can be seen that antennas need to be set up at slightly greater
distances for skin tissues and fewer distances for blood tissues from the BTS for 900 MHz, and 1800 MHz frequency
bands to get safety limit of SAR. Standard values of SAR were found for the 900 MHz, and 1800 MHz frequency bands
(16.06 m for blood, 19.15 m for brain, 17.29 m for kidney, 25.93 m for muscle and, 30 m for skin) and (18.33 m for
blood, 21.65 m for brain, 18.68 m for kidney, 26.21 m for muscle, and 32.12 m for skin) respectively.

SAR at 900 MHz and 1800 MHz on human blood tissues
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Fig. 2 SAR at 900 MHz and 1800 MHz on human blood tissues
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SAR at 900 MHz and 1800 MHz on human brain tissues
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Fig.3 SAR at 900 MHz and 1800 MHz on human brain tissues

SAR at 900 MHz and 1800 MHz on human kidney tissues
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Fig.4 SAR at 900 MHz and 1800 MHz on human kidney tissues
350 SAR at 900 MHz and 1800 MHz on human muscle tissues
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Fig. 5 SAR at 900 MHz and 1800 MHz on human muscle tissues
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SAR at 900 MHz and 1800 MHz on human skin tissues
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Fig. 6 SAR at 900 MHZ and 1800 MHz on human skin tissues

The amount of radiated power from the MSs is measured (mW/cm?) in each MS based on different situations,
namely; usual data, with cellular mobile data, including WiFi data and along the signal are shown in Fig. 7, Fig. 8, Fig.
9, and Fig. 10. Analyzing the data of Fig. 7, it can be said that when radiated power from MSs (0.09-0.98 mW/cm?) in
terms of usual data (MS is ON but no signal) is measured the highest number of MSs to be 44% and, radiated power

(29-38 mWi/cm?, 39-48 mW/cm?, 49 — 58 mW/cm? and, 59 — 68 mW/cm?) are measured the lowest number of MSs to be
1%.

Usual data (MS is ON but no signal)
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Fig. 7 Usual data (MS is ON but no signal)
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Fig.8 With cellular mobile data (internet browsing)
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In the case of cellular mobile data (internet browsing), 1-499 mW/cm? is 40%, 500-999 mW/cm®is 14%, 1000-1499
mW/cm? is 7%, 1500-1999 mW/cm?is 27%, and no data from 12% MSs was available as shown in Fig. 8. In the survey
area, along signal (talking time) 1-499 mW/cm? radiated power is found in 37% of MSs, 500-999 mW/cm? radiated
power is 4%, 1000-1499 mW/cm? radiated power is 12%, 1500-1999 mW/cm? radiated power is 42%. No radiated
power was found from 5% MSs as shown in Fig. 10.

Including WiFi
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Fig. 9 MSs data including WiFi
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Radiated Power from the MSs (mW/cm2)

Fig. 10 Along signal with talking time

The radiated power limit of MS in Bangladesh is 0.465 mW/cm? at 950 MHz frequency and 0.925 mW/cm? at 1850
MHz frequency recommended by ICNIRP. Based on the ICNIRP recommended values, most of the measured values are
found above the threshold limits except for usual data (MS is ON but no signal) 0.01-0.08 mW/cm? (24%) and 0.09-0.98
mW/cm? (44%). Data were collected (epidemiological data) from the study area on what problems are experiencing of
MSs Users; from what age have they been using MS, how many years have they been using MS, how many hours do
MS users use MS everyday as shown in Fig. 11, Fig. 12, Fig. 13, and Fig. 14. The physical and mental problems of the
human body due to the use of MSs are shown in Fig. 11.
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Trouble of Cell Phones (MS) users
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Fig. 11 Trouble of Cell phones users

MS users based on different ages
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Fig. 12 Cell phones users of different ages

Usage duration of MS
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Fig. 13 Usage duration of MS
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Daily MS use
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Fig. 14 MS use per day

Fig. 13 shows, how many years MS users have been using MS. Duration of usage in years include 1-4 years (25%),
5-9 years (22%), 10-12 years (17%), 13-15 years (14%), 16-18 years (11%), 19-21 years (8%), and 22-23 years (3%).
Duration of usage per day in hours include 2.0-3.0 hours (35%), 1.0-1.99 hours (29%), 0.5-0.99 hours (25%), 0.25-0.48
hours (5%), 0.11-0.24 hours (3%), 0.06-0.21 hours (2%), and 0.05-0.2 hours (1%) as shown in Fig. 14.

VI.  Conclusion

In this paper, the effects of electromagnetic radiation of MS as well as BTS on the human body have been analyzed
and Electromagnetic Field (EMF) radiation levels of MSs along with BTSs located in this region have been measured.
These measurements have been compared with the measured value provided by the World Health Organization (WHO)
and International Commission of Non-lonizing Radiation Protection (ICNIRP). From the analyzed MSs Data, it has
been found that in some cases radiated power exceeds the threshold limits which can have a significant impact on the
human body. The matter should be reported to the MS users in the study area so that they can take the right approach in
MS usage. Finally, a cross-sectional analysis was carried out to evaluate the understanding and self-reported health risks
of Electromagnetic waves (EMW) radiation emitted from the MS as well as BTS among the inhabitants of this region
who are living near and a little away from BTS. Some mobile cellular communication equipment and verbal data has
been used to analysis this work. There may be some errors in the readings of the device and the users may not give
proper thoughtful answer during data collection.
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