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Abstract

Cellular phone technology has made radical changes in global telecommunication scenario with
exponential growth in cell phones and base towers. The effect of non-ionizing electromagnetic radiations on
human health is a subject of serious concern with the enormous installation of base stations. With a view to
study the near field areas of base stations, we selected certain locations in southern districts of Kollam and
Trivandrum in Kerala state, India. We assessed the power density of radio frequency waves from mobile towers
using a handheld pocket digital LCD microwave leakage radiation detector. The area near the maobile towers
were divided into concentric circles, each with increasing radii of 5m maximum. The survey was carried out in
various towns having large population. The power density and Specific Absorption Rate (SAR) rates were
determined from the field measurements. The present study was conducted only to near field and ground level
radiations.
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Introduction

Wireless technology is based on extensive networks of base stations that connect the users through
radio frequency signals. In recent years much attention has been paid to health entanglement of electromagnetic
radiation, especially to human head, which is in the nearest proximity the EM field radiation from the transceiver
hand set.®In India more than 500 million cell phone users and nearly 0.44 million cell phone towers are there to
meet the demand. The density of users and towers are alarmingly increasing even in small cities and villages.
The advancement in mobile communication which facilitates users to access the Internet has further elevated
unprecedented use of GSM.
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Most of the countries have adopted the radiation norms as suggested by International Commission on
Non-lonizing Radiation Protection (ICNIRP). As per the ICNIRP, the power density for general public exposure
zone should be less than /200 watt/m? for 400-2000 MHz band. Here f is the frequency used by the mobile
operator in MHz? In India cell phone towers emit significantly high frequency than the radio waves and it is
nearly 1900MHz -2500MHz.When the frequency of radiation increases biological effect also increases.

Cell phone technology has grown exponentially without concerning about their disadvantages. With
the recent explosive increase of use of mobile phone especially among the children, the scientific word worrying
about the future. For this reason the World Health Organization (WHO) has recommended to undertake research
students on this subject.’

Due to the development of large number of cell phone towers starts the debate on biological impact of
mobile phone tower radiation. Most of the countries has adopted the radiation norms as suggested by ICNIRP.As
per the ICNIRP, the value of power density at general public exposure zone should be less then /200 watt/m? for
400-2000 MHz band. Here f is the frequency used by the mobile operator in MHz*. Most of the people are
believed that near to cell tower radiation rate is very large. So in this paper the Studies are limited to near field
radiation and in the ground level.

The paper reports the results of investigations of power density of radio frequency waves from mobile
towers near field area along the ground using handheld pocket digital LCD microwave leakage radiation detector.

For providing mobile services, telecom service providers establish base transceiver stations (BTSs),
at suitable locations, as per their Radio Frequency (RF) Network Planning for proper coverage of the area and
for meeting capacity requirements®. With the significant increase in the mobile phone usage, there was substantial
increase in the number of towers. This would increase RF exposure rates in the biosphere. Health risk associated
with RF exposure can be short term and long term. The short term effect of radiation are brain electrical activity,
cognitive function, sleep disorders, increase heart rate, and blood pressure®.Long term effects include tinnitus,
headache, dizziness, fatigue, sensation of warmth, memory loss, muscular problems and epidemiological effects

including cancer and brain tumors’®®,

In 2011 International Agency for Research on Cancer (IARC), France has classified RF radiation as
possible risk for glioma, a malignant type of brain cancer associated with wireless phone use®. At the same time
ICNIRP study has concluded that the exposure levels due to cell phone base stations are generally around one-
ten thousandth of the guideline levels'®. WHO has classified mobile phone radiation on the IARC (International
Agency for Research on Cancer) Scale into Group 2B — indicating a category possibly carcinogenic to humans™..

Latest survey report on 2016 collected the questionnaire details from the Civil Hospital, Karachi,
Jinnah Medical Hospital, Karachi and Dow Medical University Hospital, Karachi, report as doctors believed
that all wireless devices like cellular phones, laptop, wireless router, wireless earphone, cell telephone tower,
Bluetooth devices and tablet PC are accountable for the development of diseases of brain tumor, male infertility,
hearing function?. In same year a reputed journal report showed the people who spend more than 50 minutes
aday using a cell phone could have early dementia or other thermal damage due to the burning of glucose in the
brain'®. Another survey conducted on 2016 among the doctors report disease cause by mobile phone devices
are Brain Tumor 74%, Male Infertility 37%, Heart Disease 45%, and Effect on Fetus 21%, Ear Hearing Function
80%, Alzheimer’s disease 11% and Parkinson’s disease 3%.'4 Most recently in 2017 an environmental international
publication report that maternal cell phone use during pregnancy may be associated with an increased risk for
behavioral problems, particularly hyperactivity, inattention problems, in the offspring®.

We have estimated the SAR values for different age groups of human being for different vulnerable
tissues from locations where the peak power densities observed during the study. The radiation absorbed rate
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for adults is about 40%, while that of a 10 year child is about 60% while that for a 5 year old baby is about 80%7°.
Hence we calculated SAR values for different human tissues for adults,10 year old child and 5 year old baby.

Methodology :

The experimental locations were divided into concentric circles, each with progressively increasing
radius of 5m approximately. The study was carried out in cities namely Nedumangad, Karunagapally, Attingal,
and Kollam and in rural areas of Parappil, Muthuvila and Mithirmala.In cities, density of mobile phones and
towers are higher as compared with rural areas. Power densities were measured suing a New Handheld Pocket
Digital LCD Microwave Leakage Radiation Detector. The power density was estimated and hence the specific

absorption rates for different tissues of the human body were estimated using the equation (1),
SAR =E?msc/p (1)
Where o is the electrical conductivity and r the mass density of the respective tissue to whom the specific

absorption rates are estimated. The values of electric conductivity and mass density of different tissue types
used were adopted from the literature and are shown in the Table-1.

Table -1. Electrical conductivity of various type of human tissues!®*°

Tissue type Electric current conductivity, Mass density of each tissue
G (s/m) for 1800MHz (kg/m®) p

Brain 0.92 1000
Blood 2 1057
Eye(corona) 2.32 1151
Fat 0.19 o3
Skin 12 1125
Muscle 13 1090

Result and Discussion

Estimated power densities at different locations and distances from cell towers in the four cities are
presented in the Table-2. The locations are Nedumangad (L1), Karunagapally (L2), Attingal (L3), and Kollam
(L4). The height of all the mobile towers were nearly 50 m in each case.

Table -2. The estimated Power densities for the four cities at varying distances from tower

Location | Distance from the tower(m) Power density(W/m?) Electric field(V/m)
5 0.050 4.40
8 0.045 4.20
10 0.042 4,01

U n 0.040 392
12 0.038 380
13 0.030 341
16 0.021 299
18 0.015 255
19 0.009 182
20 0.004 142
2 0.002 1.00
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25 0 0
30 0 0
35 0 0
6 0.039 3.81
10 0.026 3.23
14 0.017 267
L2 15 0.010 193
18 0.004 142
21 0 0
25 0 0
30 0 0
35 0 0
5 0.052 4.48
7 0.050 4.40
L3 10 0.049 4.25
15 0.040 3.92
20 0.018 2.55
2 0.006 176
25 0.002 100
30 0 0
35 0 0
6 0.042 4.02
8 0.040 3.92
10 0.036 3.72
13 0.022 320
16 0.014 245
L4 18 0.010 193
20 0.009 182
2 0.003 102
25 0 0
30 0 0
35 0 0

Using these data the SAR values for six vital human tissues for different age groups were estimated
and are presented in the following table. Weighted mean for an age group of 40 years has also been presented.

Table -3. The estimated SAR for vital human tissues for different age group

Age group Mean Specific Absorption Rate of different part of human body (mW/Kg)
Brain Blood Eye Fat Skin Muscle
Adult 2.37+0.74 5.40+0.44 4.63+0.50 0.460.02 2444025 | 2.72+0.26
10 year old child 3.55+0.34 8.10+0.65 6.94+0.75 0.69+0.04 3.66£0.45 | 4.08+0.37
5 year old child 4.74+0.45 | 10.08+0.87 9.26+1.00 0.92+0.05 488+052 | 5.44+050
Weighted mean 3.55+0.29 7.86+0.66 5.73£0.75 0.69+0.04 3.66£0.41 | 4.08+0.38
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India has adopted the most stringent international norms towards the standards for mobile phones as well as
mobile towers. All handsets shall comply with the SAR values of 1.6 W/kg averaged over 1 gram of human
tissue. Department of Telecom is supposed to ensure that the exposure limits for radio frequency fields (1800
MHz) from mobile towers be 0.1 to 0.92 Watt per square meter. From the figures in the table-3, it is clear that the
people living near the mobile towers in the study regions especially children are exposed to radiation with
higher specified rates, especially outdoors. It can be seen that for the range Oto 18 m distance from the tower the
estimated figures of SAR exceed the limit, especially for blood and corneafor the children. In general, from about
18 m from tower the absorption rate is found to decrease gradually. 20 m and farther SAR values were found
within the limit. Further detailed investigations are necessary since the exposure to radiations have cumulative
effect over the years. The figure 1 shows the distribution of dose rate for different human tissues resulting from
the exposure to mobile radiations.

Fat, 0.59

Figure 1: Distribution of SAR values in mW/Kg for different human tissues from mobile radiations
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Figure 2 Comparison of SAR values for different human tissues with age groups.

From the figure 1, it is evident that eye gets the maximum exposure followed by blood tissues taking a share
more than 50% from mobile radiation.Figure 2 depicts the comparison of exposure to different age groups and
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tissue types. The specific absorption rate of mobile tower radiations almost double for 5 year old baby and is
about 50% higher to 10 year old children as compared with the adults to the vital organs studied.

Conclusions

The results of the study indicate that the people living near mobile towers are exposed to elevated
levels of non-ionising radiation originating from the mobile base stations, particularly for the range of 0 to 18 m
distance from the tower. The estimated figures of SAR exceed the limit for children, especially for blood and
cornea. It can be concluded that lower age groups are more prone to the effects of mobile tower radiation. In
general, beyond 18 m from tower the absorption rate is found to decrease gradually. 20 m and farther SAR values
were found within the permitted limit. There is a ‘radiation zone’ between 0 to 18m from tower where the specific
absorption rates are high. The biological impacts of non-ionizing radiations generally do not have a linear dose-
response relationship. Experiments have proved that larger absorption rates to the human beings do not
necessarily induce a larger biological effect to a specific tissue. Therefore, higher SAR does not necessarily
relate to enhanced biological response or health hazard. SAR in point of fact refers to thermal effects of
electromagnetic radiation. Majority of the recorded biological impacts from non-ionizing electromagnetic radiation
are non-thermal. In the wake of reports of cytogenetic damage in human tissues by the prolonged use of mobile
phones only a detailed investigation can lead to an acceptable conclusion towards the direct health effect.
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