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Preface 

 There has been many research works that has been carried out over the last two 

decades on the ill effects of Radio Frequency (RF) radiation emitted by Mobile Tower. Many 

people are unaware of the hazards and the possible measures to overcome the hazards. Some 

researchers have found that RF radiation produces biological effects. On the other hand, some 

authors did not find any biological effects of RF radiation. 

 This is the second time in Mizoram, the study of health effects of RF radiation has 

been carried out. Now a days, many people started to know the ill effects of RF radiation and 

therefore demands for more in depth study at the molecular level as well. In view of this, the 

present topic is chosen for the research work to have better understanding of the ill effects at 

the molecular level. It is expected that this study will provide the inhibitants near the mobile 

tower, in giving scientific information on regarding possible harmful effects of RF radiation 

on human health. 

 The thesis is divided into six (6) chapters which are followed by references. The 

topics in this thesis are arranged as follows: 

In Chapter 1, Introduction and Review of Literature is presented. 

In Chapter 2, a brief introduction of mobile communication and basic theory of interaction of 

RF radiation with biological tissues is discussed. The interaction of RF radiation with 

dielectric and biological tissues is followed by discussion on resonance absorption. 

In Chapter 3, Methodology of the research work is presented. 

In Chapter 4, we presented the details of power density measurements in the two Districts of 

Mizoram under the study area. 

In Chapter 5, the detailed analysis of questionnaire surveys on thirteen different non specific 

health symptoms, in situ measurement of power density and comparison with power densities 

is presented, followed by assessment of biological effects of RF radiation at the molecular 

level. 

In Chapter 6, conclusion of the thesis is presented which is followed by references. 
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CHAPTER 1 

INTRODUCTION 

 

The rapid technological advances in Electronics, Electro-optics and 

Computer Science have profoundly affected our daily lives. They have also set the 

stage for an unprecedented drive towards the improvement of existing medical 

devices and the development of new ones. In particular, the advances in Radio 

Frequency (RF)/microwave technology and computation techniques, among 

others, have paved the way for exciting new therapeutic and diagnostic methods. 

Frequencies, from RF as low as 400 kHz to microwave frequencies as high as 

10GHz are presently being investigated for therapeutic and diagnostic applications 

in areas such as cardiology, urology, surgery, ophthalmology and others (Andre 

Vander et al, 2006). 

At the same time, safety concerns regarding the biological effects of 

electromagnetic (EM) radiation have been raised, in particular, at a low level of 

exposure. A variety of waves and signals have to be considered, from pure or 

almost pure sine waves to digital signals, such as in digital radio, digital 

television, and digital mobile phone systems. The field has become rather 

sophisticated, and establishing safety recommendations or rules and making 

adequate measurements require quite an expertise. 

There has been an unprecedented growth in the global communication 

industry in recent years which has resulted in a dramatic increase in the number of 

wireless devices. Mobile services were launched in India in 1995 and it is one of 

the fastest growing industries in the world. According to the Telecom Regulatory 

Authority of India (TRAI, 2012), the composition of telephone subscribers using 

wireless form of communication in urban area is 63.27% and rural area is 33.20%. 

By 2013, it is estimated that more than one billion people will be having cell 

phone connection in India. This has led to the mushrooming of supporting 

infrastructure in the form of cell towers which provide the link to and from the 

mobile phone. 
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There has been growing public concern on possible adverse health effects 

due to Electro-magnetic field (EMF) radiation from mobile towers and mobile 

handsets. Over the past few years, a number of health activists and resident 

organisations have started opposing the erection of telecom towers on rooftops of 

houses and in densely populated areas, claiming that radiation from such 

installations causes serious health risks. There have been several studies 

suggesting either the presence or absence of risk to human beings from EMF 

radiation. The main areas of concern are the radiation emitted by the base 

transceiver stations (BTS) and mobile handsets. Concerns have also been raised 

that continuous exposure to EMF radiation emanating from telecom towers causes 

harmful thermal and non-thermal health effects. The effects of exposure to EMF 

have created an active scientific debate among the research agencies across the 

globe  

 The last two decades witnessed a magical revolution in the field of 

telecommunication as well as in data communication. The number of cell phones 

and cell towers are drastically increasing all over the world. The rapid 

developments in cell phone technology have made our life much more 

comfortable. Cell phone communicates in the range of radio frequency (RF), 

which is a low frequency non-ionising radiation. A mobile phone base station is 

designed in such a way that the cell phones coming under its coverage area should 

be able to transmit and receive enough signal which enables proper 

communication within a few kilometres. In order to establish more coverage, most 

of the towers are mounted near populated areas. People living nearer to the towers 

receive much more signal level than required for most of the times. In India, lakhs 

of people live in the high radiation zones. But most of the people are not 

concerned about the effects of radiations on health and possible safety measures to 

overcome the hazards. This demands the need for continuous studies on the 

effects of radiation on public health. 

 International Commission on Non–Ionizing Radiation Protection 

(ICNIRP) has published Guidelines (ICNIRP, 2009) for limiting EMF exposure 
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that will provide protection against known health problems. According to the 

guidelines, the effects can be classified into two; direct effects result from the 

direct interaction of field with the body and indirect effects involving interaction 

of objects with a different potential from the body.  

ICNIRP provides two classes of guidelines which are given below:  

Basic Restrictions: These are restrictions on exposure to time varying 

electric, magnetic and electromagnetic fields. The physical quantities used to 

specify these restrictions are Current Density (J), Specific Absorption Rate (SAR) 

and Power Density (S). Among these, only power density in air can be measured 

outside the body.  

Reference levels: These are levels given for practical exposure assessment 

to determine whether the basic restrictions have been violated or not.  

 

 Many scientists across the globe studied the harmful effects of mobile 

radiations on human health and living beings (Gandhi et al, 2005; Gulati et al., 

2016). Several works are being carried out on the health issues of inhabitants 

living near mobile base stations. The RF radiations from mobile tower were 

studied based on power density measurements in residential areas close to cell 

tower sites (Singh, 2012; Urbinello et al, 2014; Eustatiu and Claudiu, 2016). In 

many countries, the standards on exposure limits to non-ionizing RF radiation are 

based on ICNIRP Guidelines (2009). The effect of RF radiation on inhabitants 

living within 15m near cell tower was studied by G. Kumar (2010). He concluded 

that, such people are exposed to 10,000 times stronger signal than required for 

mobile communication. Many other researchers also concluded that the existing 

ICNIRP recommendations are inadequate for the safe living of humans (IEGMP, 

2000; SCENIHR, 2009; Interphone Study Group, 2010). The exposure limits in 

some countries like Russia is lower than the ICNIRP recommendations (Saeid, 

2008). 

Various studies have shown the ill-effects of RF electromagnetic field 

(RF-EMF) on bees, fruit flies, frogs, birds, bats and humans. But the long-term 
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studies of such exposures are inconclusive and scarce, and almost non-existent in 

India (MOEF, 2010; DoT, 2010). In India, the invisible health hazard pollution 

(IHHP) is a relatively new environmental threat. The exposure to continuous RF-

EMF radiation poses a greater risk to children, particularly due to their thinner 

skulls and rapid rate of growth. Also at risk are the elderly, the frail and pregnant 

women (Cherry, 2001). DNA damage via free radical formation inside cells has 

also been recorded (Lai and Singh, 1996). Free radicals kill cells by damaging 

macromolecules such as DNA, protein and membrane are carcinogenic. In fact, 

EMF radiation enhances free radical activity. Single and double-strand DNA 

breaks are seen in rat brain cells after acute exposure to RF-EMF radiation. Kane 

(2001) stated that RF-EMF radiations lead to tissue damage, DNA damage or 

chromosome mutations. The Austrian Department of Health, in 2008, found a 

higher risk of cancer among people living within 200 m of a mobile phone base 

station and that cancer risk rose with increasing exposure, reaching 8.5 times the 

norm for people who are most exposed. From a study on in vitro cell response to 

mobile phone radiation (900 MHz GSM signal) using two variants of human 

endothelial cell, it was suggested that the cell response to mobile phone radiation 

might be genome and proteome-dependent. Therefore, it is likely that different 

types of cells and from different species might respond differently to mobile 

phone radiation or might have different sensitivity to this weak stimulus (Nylund 

and Leszczynski, 2006).  

Singh et al. (2016) investigated the RF-EMF radiation generated by 

mobile phone BSTs and its impact on the public health of people who lived close 

to the mobile phone BSTs. They reported that majority of the subjects who were 

living adjacent to the mobile phone BSTs complained about cardio-vascular and 

nervous system associated clinical symptoms including headache, sleep 

disturbances, dizziness, difficulties in concentration and high blood pressure, 

when compared to the control subjects. In agreement with the present study 

findings, researchers established a link between high exposure to RF-EMF and 

cognitive function (Calvente et al., 2016). The study outcome demonstrated a 
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positive link between exposure to RF-EMF and decline in cognitive function. 

Children who were exposed to high levels of RF-EMF had lower cognitive scores 

for verbal expression and comprehension in comparison to those living in areas 

with lower exposure. They also identified that exposure to RF-EMF radiation has 

a negative impact on cognitive and behavioral development in children  

 Health effects due to RF-EMF radiation can be divided in to two 

categories; short term effects and long term effects. The short term effects include 

brain electrical activity, heart rate, blood pressure, etc. The long term effects 

include tinnitus, headaches, joint pain, memory loss, muscle problem, cancers, 

tumours, etc. A recent study conducted in Aizawl have revealed an increased in 

micronuclei frequency after exposure to RF radiation, and also reported relatively 

lower levels of antioxidants; and higher level of lipid peroxidation among people 

in the vicinity of mobile base stations than control group indicating possibility of 

having oxidative stress .(Zothansiama et al., 2017). 

1.1 Electro Magnetic field Radiation 

Electromagnetic field (EMF) radiation is the flow of photons through 

space. Each photon contains a certain amount of energy, and the different types of 

radiations are defined by the amount of energy found in the photons. The 

electromagnetic spectrum is the range of all types of EM radiation. X-rays used in 

hospitals or the radio waves from a radio station are all part of this spectrum. 
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Figure 1.1: Electromagnetic Spectrum 

 

1.2 Types of EMF radiation 

EMF radiations are divided into two categories, ionizing and non-ionizing, 

depending on frequency and the power level. 

Ionizing radiation is electromagnetic radiation whose waves contain 

energy sufficient to overcome the binding energy of electrons in atoms or 

molecules, thus creating ions. e.g. Ultraviolet rays, X-rays , gamma rays and 

cosmic rays as shown in Figure 1.1. 

Non-ionizing radiation refers to any type of electromagnetic radiation that 

does not carry enough energy per quantum to ionize atoms or molecules. e.g. low 

frequency radiations like radio waves, microwaves and infrared radiations. 

EM emissions in the frequency range of 1 Hz to 1THz(1000 GHz) are 

termed as non-ionizing and do not have enough energy to alter the chemical bonds 
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of the human body. EMF health effects related to the non-ionizing radiation 

include tissue heating at levels above limits. EM emissions at frequencies above 1 

THz are termed as ionizing and have enough potential to alter the chemical bonds 

of human tissue and resulting in serious genetic damage on prolonged exposure. 

1.3 Mobile Service and EMF Radiation 

 The EMF radiation in mobile services is primarily from two sources:  

radiations from BTS and radiation from mobile handsets – both of which are at the 

relatively low end of electromagnetic spectrum. The energy carried by them is 

unable to break chemical bonds in molecules. Thus, they fall under the non-

ionizing radiation category. 

Radiation from base transceiver stations (BTS) 

 For providing mobile services, telecom service providers establish BTSs 

at suitable locations, as per their Radio Frequency (RF) Network Planning for 

proper coverage of the area and for meeting capacity requirements. Every antenna 

on a cell phone tower radiates electro-magnetic power. A typical BTS site 

diagram is shown in Figure 1.2. 
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Figure 1.2: Typical BTS site 

 

BTS also contain a number of radio transmitters and each of these has the 

same maximum output power. The outputs from the individual transmitters are 

then combined and fed via cables to the base station antenna, which is mounted at 

the top of a mast (or other suitable structure). Thus, the radiated power would 

ideally be equal to the sum of the output power from the transmitters except for a 

small loss that occurs in the combiner and connecting cables. It should be noted 

that all the transmitters are not operational continuously; this depends on the call 

traffic in each of the sectors. However, the level of exposure is maximum at the 

time of peak traffic when all the channels are utilized and hence sectors with 

higher call traffic carry the risk of having maximum EM exposure. 

The transmission power levels and the gain of the antennas used for 

transmission are other major factors to be considered when dealing with exposure 

levels. Typical gains for the sector antennas used with macro-cellular base stations 
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in India are in the range of 15–17 dBi for GSM900 systems and 16–18 dBi for 

GSM1800 systems. Omni directional antennas for macro-cellular base stations are 

much less common than sector antennas, but generally have gains in the range 8–

10 dB. However, there are antennas with higher gain levels of 21 dB available 

recently in the  market. Although the high gain antennas increase the efficiency 

and coverage, the risk of exposure for buildings in the close proximity of line of 

sight of the main beam of the antennas increases in multifold. 

 

 

 

Figure 1.3: Radiation from mobile BTS 

 

The real source of EM radiation is the transmitting antenna – not the 

transmitter itself, because the transmitting antenna is the main source that 

determines electromagnetic field distribution in the vicinity of a transmitting 

station. Radiation will be highest from the primary lobes in the horizontal 

direction. There is also radiation from secondary lobes which ranges from medium 

to very low when transmitting horizontally as seen in the Figure 1.3 above. Hence, 

the direct exposure to the primary lobes along the line of antenna is the most 

severe of the exposed radiation. The radiation levels relatively decrease as one 

moves away from the line of the antenna to its side lobes. The distance from the 
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source of radiation is another critical factor. The power density varies by (1/R
2
), 

where R is the distance. As one moves away from the antenna, the less is the 

radiation. 

Generally, a cell phone tower is shared by more than one operator to 

provide mobile services. The more the number of antennas, the greater is the 

power intensity in the nearby area. Power levels near towers are higher and reduce 

with distance. It is reduced to ¼ when the distance from antenna doubles, and 1/9 

when distance is tripled and so on. The EMF power density varies with distance as 

shown in Figure 1.4 below. In addition, the safe distance from the tower also 

depends on the number of antennas served by the tower.  

 

 

 

Figure 1.4: Power levels from the antenna 

 

1.4 Radiation Exposure Standards – Current scenario for RF/MW 

The International Commission on Non-Ionizing Radiation Protection 

(ICNIRP) is an international commission specialized in non-ionizing radiation 

protection. The organization's activities include determining exposure limits for 

electromagnetic fields used by devices such as cellular phones.  

https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Cellular_phones
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ICNIRP is an independent non-profit scientific organization chartered in 

Germany. It was founded in 1992 by the International Radiation Protection 

Association (IRPA) to which it maintains close relations. 

The mission of ICNIRP is to screen and evaluate scientific knowledge and 

recent findings toward providing protection guidance on non-ionizing radiation, 

i.e. radio, microwave, UV and infrared. The commission produces reviews of the 

current scientific knowledge and guidelines summarizing its evaluation. ICNIRP 

provides its science-based advice free of charge. In the past, national authorities in 

more than 50 countries and multinational authorities such as the European Union 

have adopted the ICNIRP guidelines and translated them into their own regulatory 

framework on protection of the public and of workers from established adverse 

health effects caused by exposure to non-ionizing radiation.  

In India, we have adopted radiation norms given by ICNIRP Guidelines of 

1998 for safe power density of f/200, where frequency (f) is in MHz. Hence, for 

GSM 900 transmitting band (935-960 MHz), power density is 4.7 W/m
2
 and for 

GSM1800 transmitting band (1810-1880 MHz), it is 9.2 W/m
2
. However, ICNIRP 

guidelines clearly stated that these are only for short term exposure (averaged over 

6 minutes of time) and not for long term exposure (ICNIRP, 1998).   

 

                                

Table 1.1: ICNIRP Exposure standard of RF Radiation 

 

The existing standards are based on thermal (heating) limits and do not 

address non-thermal (or low intensity) exposures which are reported to cause 

biological effects. The present ICNIRP/FCC limits are insufficiently protective of 

public health and require reconsideration (CCST, 2011). 

Type of 

exposure 

Frequency range Electric field Magnetic field Power density 

General Public 400 – 2000 MHz 1.375 f
1/2

 0.0037 f
1/2

 f /200 

2 – 300 GHz 61 0.16 10 

https://en.wikipedia.org/wiki/International_Radiation_Protection_Association
https://en.wikipedia.org/wiki/International_Radiation_Protection_Association
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Power Density (W/m²)     International Exposure limits adopted by various    countries 

10 FCC (USA) OET-65, Public Exposure Guidelines at 1800 MHz 

9.2 ICNIRP and EU recommendation 1998 – Adopted in India 

3 Canada (Safety Code 6, 1997) 

2 Australia 

1.2 Belgium (ex Wallonia) 

0. 5 New Zealand 

0.24 Exposure limit in CSSR, Belgium, Luxembourg 

0.1 Exposure limit in Poland, China, Italy , Paris 

0.095 Exposure limit in Italy in areas with duration > 4hours 

0.095 Exposure limit in Switzerland 

0.09 ECOLOG 1998 (Germany) Precaution recommendation only 

0.025 Exposure limit in Italy in sensitive areas 

0.02 Exposure limit in Russia (since 1970), Bulgaria, Hungary 

0.001 "Precautionary limit" in Austria, Salzburg City only 

0.0009 BUND 1997 (Germany) Precaution recommendation only 

0.00001 New South Wales, Australia 

 

Some countries have specified for their own radiation level keeping in 

view the environmental and physiological factors. In order to protect the 

population living around base stations and users of mobile handsets, established 

new, low intensity based exposure standards. The new exposure guidelines are 

hundreds or thousands of times lower than those of Institute of Electrical & 

Electronics Engineers (IEEE), USA and ICNIRP. The exposure limit for RF field 

of some of the countries including countries that have lowered their limit, in cell 

phone frequency range of 900 MHz and 1800 MHz for example are as given in 

Table 1.2 (Kumar, 2010). 

 

 

 

Table 1.2 : Exposure standard of some countries 
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     However, since September 2012, India has adopted new guidelines, 

according to which maximum power density for GSM 900 is 450 mW/m2 and for 

GSM 1800 it is 900 mW/m2 (DOT, 2013). Other than the exposure limits given 

above, some organizations recommended the exposure limit as given in Table 1.3 

(Haumann et al.,2002, Bioinitiave Report, 2012) :   

                          

      

 

        

 

    

Table 1.3: Exposure limit recommended by other organization 

  The BioInitiative Report is a report on the relationship between the 

electromagnetic fields (EMF) associated with power lines and wireless devices 

and health. It was self-published online, on 31 August 2007, by a group of 

scientists, researchers and public health policy professionals. They proposed safe 

limit of 1 mW/m
2 

for outdoor, cumulative RF exposure and 0.1 mW/m
2
 for 

indoor, cumulative RF exposure. The Bioinitiative Report states that it is an 

examination of the controversial health risks of electromagnetic fields and RF 

radiation. The 2012 version of the report was released on 7 January 2013. After 

thorough survey of the scientific literature, they concluded that the existing 

standards for public safety are inadequate to protect public health. They proposed 

that the safe limit for power density should be reduced by a factor of 3 from the 

2012 recommendation of 1 mW/m
2
 (Bioinitiative, 2012). 

Salzburg Resolution is a compilation of what government, public health 

and environment organizations and officials, independent scientists, health 

advocacy groups and activists are advocating around the world in response to the 

proliferation of electromagnetic fields. One of such resolutions in 2000 has 

recommended 1 mW/m
2
 as the safe limit of exposure to the RF radiation for 

public (Salzburg, 2000). 

Organization Exposure limit 

Bioinitiave Report 2012 0.5 mW/m
2
 

EU (STOA) 2001 0.1 mW/m
2
 

Salzburg resolution 2000 1 mW/m
2
 

https://en.wikipedia.org/wiki/Electromagnetic_radiation_and_health
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1.5 Specific Absorption Rate (SAR) 

  SAR is a measure to know the levels of exposure to electromagnetic fields 

from mobile handsets. It is the rate at which human body absorbs electromagnetic 

power radiated from mobile phones. India has adopted the following ICNIRP 

guidelines as standard for safety limits of exposure to radiofrequency energy 

produced by mobile handsets (ICNIRP Guidelines, 1998) :                     

 

Table 1.4 : Specific Absorption Rate for ICNIRP guideline 

In the USA, the FCC has set a SAR limit of 1.6 watt per kg averaged over 

a volume of 1 gram of tissue, for the head. In Europe, the limit is 2 watt per kg, 

averaged over a volume of 10 gram of tissue. SAR values are heavily dependent 

on the size of the averaging volume. The cell phones and other wireless 

communication devices are regulated according to their emissions, which define 

the amount of power absorbed into the body. The metric for measurement is 

Specific Absorption Rate (SAR) expressed in Watts/ Kg of tissue. Each body has 

a characteristic resonant frequency, depending upon the length of the long axis. 

For the same level of incident exposure, the average SAR is dependent upon the 

length of the body. Thus, the average body SAR is size and frequency dependent. 

The standards adopted in US are most stringent which is prescribed by the 

Federal Communication Commission (FCC) of United States. The permissible 

SAR levels at or below 1.6 W/kg taken over a volume containing a mass of 1 gm 

of tissue, whereas for general public exposure the localized SAR value as per 

ICNIRP guidelines standard adopted in India is 2 W/kg, averaged over a 6 minute 

period and use a 10 gm average mass. With higher SAR values of mobile handset, 

the public could potentially receive much higher RF exposure. 

 

 

General 

Public 

Exposure 

Whole body  average 

SAR (W/Kg) 

Localized SAR 

head and trunk 

(W/Kg) 

Localized SAR 

limbs (W/Kg) 

0.08 2 4 
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Fig. 1.5: Typical radiation pattern from a mobile tower 

 

1.6 Effects of EMF exposure on human health 

  Effects of EMF radiation can be studied in two ways i.e. bio-effects and 

health effects:  

1.6.1. Bio-effects are measureable responses to a stimulus or to a change in the 

atmosphere and are not necessarily harmful to our health. Biological effects can 

be two types i.e. Thermal and Non-Thermal effects. 

Thermal Effects: It refers to the heat generated due to absorption of EMF 

radiation. While using a cell phone, most of the heating effect occurs at the 

surface of the head, causing its temperature to increase by a fraction of a degree. 

Prolonged thermal effect may lead to increase in body temperature. 

Non-Thermal Effects: Non-thermal effects are attributed to the induced 

electromagnetic effects inside the biological cells of the body which is possibly 

more harmful. 

1.6.2. Health effects are the changes which may be short term or long term. These 

effects stress the system and may be harmful to human health. 

There are many reported biological effects to humans and animals that are 

exposed to RF/MW radiation.  Mobile phones communicated by transmitting RF 

waves are electromagnetic fields, and unlike  ionizing  radiation  such  as  X-rays  

or  gamma  rays,  cannot  break  chemical  bonds nor cause ionization in the 

human body. However, a number of studies have reported the link between 

exposure to RF radiation and occurrence of health disorder i.e. effect on  cell  
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growth,  cell  differentiation,  DNA,  immune  system,  hormonal  effects,  

reproduction,   neurological,   cardiovascular   systems,   blood   brain   barrier,  

interference with gadgets, stress proteins, skin, sleep disorder etc. As these studies   

were   not   well   designed   and   the   numbers were not statistically significant, 

these observations have not been considered conclusive.   

The electromagnetic wave spectrum is divided into ionizing radiation such 

as ultraviolet and X-rays, and non-ionizing radiation such as radiofrequency (RF), 

which includes Wi-Fi, Cell phones and smart meter wireless communication. It 

has long been recognized that ionizing radiation can have a negative impact on 

health. However, the effects of non-ionizing radiation on human health recently 

have been observed.  Discussions and research on non-ionizing radiation effects 

were focussed on thermal and non-thermal effects. According to the FCC and 

other regulatory agencies, only thermal effects are relevant regarding health 

implications and consequently, exposure limits are based on thermal effects only 

(CCST, 2011). While it was practical to regulate thermal bio-effects, it was also 

stated that non-thermal effects are not well understood and no conclusive 

scientific evidence points to non-thermal based negative health effects (CCST, 

2011). 

 Further arguments are made with respect to RF exposure from Wi-Fi, Cell 

towers and smart meters that due to distance, exposure to these wavelengths are 

negligible (EPRI, 2011). However, many in vitro, in vivo and epidemiological 

studies demonstrated that significant harmful biological effects occur from non-

thermal RF exposure and satisfy Hill’s criteria of causality (Hill, 1965). Genetic 

damage, reproductive defects, cancer, neurological degeneration and nervous 

system dysfunction, immune system dysfunction, cognitive effects, protein and 

peptide damage, kidney damage and developmental effects have all been reported 

in the peer-reviewed scientific literature.  

Genotoxic effects from RF exposure, including studies of non-thermal 

levels of exposure, consistently and specifically show chromosomal instability, 

altered gene expression, gene mutations, DNA fragmentation and DNA structural 
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breaks (Xu et al, 2010; Phillips et al, 2009; Ruediger, 2009; Zhao, 2007; Lee et al, 

2005; Demsia et al, 2004; Lai, Singh, 2004; Mashevich, 2003). A statistically 

significant dose response effect was demonstrated by Maschevich et al. (2003), 

who reported a linear increase in aneuploidy as a function of the SAR value of RF 

exposure (Mashevich, 2003). Genotoxic effects are documented to occur in 

neurons, blood lymphocytes, sperm, red blood cells, epithelial cells, hematopoietic 

tissue, lung cells and bone marrow. Adverse developmental effects due to non-

thermal RF exposure have been shown with decreased litter size in mice from RF 

exposure well below safety standards (Magras and Xenos, 1997). Cellular 

telephone use in rural areas was also shown to be associated with an increased risk 

for malignant brain tumors (Hardell et al, 2005). 

The fact that RF exposure causes neurological damage has been 

documented repeatedly. Increased blood-brain barrier permeability and oxidative 

damage, which are associated with brain cancer and neurodegenerative diseases, 

have been found (Xu et al, 2010; Zhao, 2007; Nittby, 2009; Awad, 2008; 

Leszczynski and Joenvaara, 2002). Nittby et al (2009) demonstrated a statistically 

significant dose-response effect between non-thermal RF exposure and occurrence 

of albumin leak across the blood-brain barrier. Changes associated with 

degenerative neurological diseases such as Alzheimer’s, Parkinson’s and 

Amyotrophic Lateral Sclerosis (ALS) has been reported (Xu et al, 2010; Lai and 

Singh, 2004). Other neurological and cognitive disorders such as headaches, 

dizziness, tremors, decreased memory and attention, autonomic nervous system 

dysfunction, decreased reaction times, sleep disturbances and visual disruption 

have been reported to be statistically significant in multiple epidemiological 

studies with RF exposure occurring non-locally (Santini et al., 2002; Abdel-

Rassoul et al., 2007; Hutter et al., 2006; Kolodynski et al., 1996). 

Nephrotoxic effects from RF exposure also have been reported. A dose 

response effect was observed in which RF exposure resulted in mild to extensive 

degenerative changes in chick embryo kidneys based on duration of RF exposure 

(Ingole and Ghosh, 2006). RF emissions have also been shown to cause isomeric 



CHAPTER 1  INTRODUCTION 

18 
 

changes in amino acids that can result in nephrotoxicity as well as hepatotoxicity 

(Lubec et al., 1998).  

Electromagnetic field (EMF) hypersensitivity has been documented in 

controlled and double blind studies with exposure to various EMF frequencies.  

Rea et al. (1991) demonstrated that under double blind placebo controlled 

conditions, 100% of subjects showed reproducible reactions to that frequency to 

which they were most sensitive. Pulsed electromagnetic frequencies were shown 

to consistently provoke neurological symptoms in a blinded subject while 

exposure to continuous frequencies did not (Mc Carty et al., 2011). 

Although these studies clearly show causality and disprove the claim that 

health effects from RF exposure are uncertain, there is another mechanism that 

proves electromagnetic frequencies, including RFs, can negatively impact human 

health. Government agencies and industry set safety standards based on the 

narrow scope of Newtonian or Classical Physics reasoning that the effects of 

atoms and molecules are confined in space and time.  This model supports the 

theory that a mechanical force acts on a physical object and thus, long-range 

exposure to EMF and RF cannot have an impact on health if no significant heating 

occurs. However, this is an incomplete model. A quantum physics model is 

necessary to fully understand and appreciate how and why EMF and RF fields are 

harmful to humans (Smith, 2004, 2008). In quantum physics, matter can behave as 

a particle or as a wave with wave-like properties. Matter and electromagnetic 

fields encompass quantum fields that fluctuate in space and time. These 

interactions can have long-range effects which cannot be shielded, are non-linear 

and by their quantum nature have uncertainty. Living systems, including the 

human body, interact with the magnetic vector potential component of an 

electromagnetic field such as the field near a toroidal coil (Smith, 2004; Del 

Giudice et al., 1989; Tonomura, 1986). The magnetic vector potential is the 

coupling pathway between biological systems and electromagnetic fields (Smith, 

2004; Smith, 2008). Once a patient’s specific threshold of intensity has been 

exceeded, it is the frequency which triggers the patient’s reactions. 
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Long range EMF or RF forces can act over large distances setting a 

biological system oscillating in phase with the frequency of the electromagnetic 

field so it adapts with consequences to other body systems.  This also may 

produce an EMF imprint into the living system that can be long lasting (Smith, 

2004; Smith, 2008; Del Giudice et al., 2005). Research using objective 

instrumentation has shown that even passive resonant circuits can imprint a 

frequency into water and biological systems (Cardella et al., 2001). These 

quantum electrodynamic effects do exist and may explain the adverse health 

effects seen with EMF and RF exposure. These EMF and RF quantum effects 

have not been adequately studied and are not fully understood regarding human 

health. 

Cleary  et  al.  (1990) carried  out  series  of  experiments  on  cell  

proliferation  and  cell  kinetic  studies  under  continuous  wave  RF  Radiation   

(RFR)  exposures    and   reported    increased  proliferation. They also observed 

similar effects in human peripheral lymphocytes (Cleary, 1990). RF Radiation  

has  been  shown  to  down–regulate  gap-junction intercellular communication,  

which  plays  an  essential  role  in  regulation  of  cell growth, differentiation and 

wound healing (Chiang, 1998). 

RF Radiation have been reported to affect a variety of ion channel 

properties  such   as   decreased   rates   channel   protein   formation,   decreased  

frequency  of  single  channel  opening  and  increased  rates  of  rapid  burst–like  

firing (Chiang, 1998).  Even Ca
2+

 release from cell membrane has been reported 

(Bawin et al., 1975;Dutta et al., 1984). An increase in calcium dependent protein 

kinase C has been noted in developing rat brain indicating that this type of 

radiation could affect membrane bound enzymes associated with cell signalling, 

proliferation  and differentiations (Paulraj and Behari, 2004).      

In   experimental   animals,   an   increase   in   the   blood   brain   barrier 

permeability in response to exposure to RF Radiation has been reported in a 

number of studies (Albert, 1977; Oscar and Hawkins, 1977; Fritze et al., 1997). 
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Resting  BP  has  been  reported  to  increase  during  exposure  to  RF Radiation  

emitted from  cell  phones  (Braune, 1998).  

DNA rearrangement in cells from brain and testis were reported under RF 

Radiation exposure at low intensity in mice (Verma, et al., 1976; Sarkar et al., 

1994). Increased dominant lethal mutations in the offspring of exposed male mice 

and abnormal sperm were also reported in mice (Verma et al, 1976; Verma and 

Traboulay,1976; Goud et al., 1982)  but  such  effects  were  not  seen  in  rats 

(Berman et al., 1980)  and  C3H  mice (Saunders et al., 1983; Saunders et al., 

1983). While increased chromosomal aberrations have been reported in large 

number of studies (Yao and Jiles, 1970; Chen et al., 1974; Garaj Vrhovac et al., 

1991; Garaj Vrhovac et al., 1992, Khalil et al., 1993; Maes et al., 1993a; Maes et 

al, 1993b), some other studies did not find  such aberrations (Meltz et al, 1987; 

Kerbacher et al, 1990).  Occurrence   of   increased   micronuclei,   which   is   

another   indirect   indicator  of  DNA  damage,  has  been  reported  in  large  

number  of   studies (Antipenko and Koveshinkova, 1987; Haider et al., 1994; 

Balode, 1996; Garaj Vrhovac et al., 1992).     

 Hardell et al. (2009) conducted number of epidemiological studies as well 

as case control  studies  on  use  of  mobile  phones  for  more  than  10  years. 

They reported that the use of mobile phones for more than 10 years give a  

consistent   pattern   of   increased   risk   for   acoustic   neuroma   and  gliaoma.  

The risk is highest  for  ipsilateral  exposure.  They  further  reported  that  longer  

follow-up  is  needed  and  an  increased  risk  for  other type of brain tumor 

cannot be ruled out. Goldoni (1990) compared  the  haematological  finding  in  25  

male  air  traffic  control  technicians  working  at  a  distance  from  microwave  

sources  and  reported  that  radar  exposed  workers  had  significantly lower 

levels of leukemia and red cells than the electronic technician.  

 Santini et al. (2002) reported significant health effects on people  living  

within  300  meters  of  mobile  phone  base  stations  in  Paris  particularly,  in  

relation  to  depressive  tendency,  fatigue,  sleeping  disorder and difficulty in 

concentration.  Netherlands   Organization   for   Applied   Scientific   Research,   
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TNO (2003) studied the effects of Global Communications System (GSM) RF 

Fields  on  well  being  and  cognitive  function  of  human  subjects  with  and  

without  subjective  complaints  and  reported   significant effects on wellbeing of 

the people i.e., headaches, muscle fatigue/pain, dizziness etc from 3G mast 

emissions. Those who had previously been noted as ‘electro-sensitive’ under a 

scheme in that  country  were  shown  to  have  more  pronounced  ill-effects,  

though  others were also shown to experience significant effects. 

   Wolf  and  Wolf (2004) from  Israel,  based  on  medical  records  

of  people  living  within  350  meters  of  a  long established  phone  mast,  

reported  a  fourfold  increased  incidence  of  cancer in comparison with the 

general population. They also reported a tenfold increase specifically among 

women, compared with the surrounding locality further from the mast. In  

Germany  (2004), the  bases  of  the  data  used  for  the  survey were PC files of 

the 1000 patient’s case histories between the years 1994 and 2004. The  authors  

reported  that the  proportion  of  newly developing cancer cases was significantly 

higher among those  patients who had lived during the past ten years at a distance 

of up to 400 meters from the cellular transmitter site, which has been in operation  

since  1993,  compared  to  those  patients  living  further   away, and that the 

patients fell ill on average 8 years earlier.  In Austria(2005), when electro-

sensitive men (3) and women (9) were  exposed to RF Radiation emitted from a 

shielded cell phone base station in phase  manner,  all  of  them  reported  

symptoms  like  buzzing  in  the head,   palpitations   of   the   heart,  unwellness,  

lightheadedness, anxiety, breathlessness, respiratory problems etc. This study 

shows  significant  changes  of  the  electrical  currents  in  the  brain  by  a  cell  

phone base station at a distance of 80 meters.  

 Most of the laboratory studies were unable to  find  a  direct  link  

between  exposure  to  RF Radiation  and  the  incidence  of  cancer.  However,  

growing  scientific  evidences  of  bio  effects  and  adverse  health  effects like 

DNA rearrangement in cells or chromosomal damage is reported (Sarkar, 1997). 

Even  the biological  effects could not be established as caused by RF Radiation, 
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due  to complex interaction of the different exposure parameters i.e. mass, shape  

and size of the body (age, gender, activity level, body insulation etc.) and the  

environmental conditions (ambient temperature, air velocity, humidity).   

Many of the biological effects resulting from mobile phone use were 

relatively well-known and were similar to those described in RF sickness (Mild et 

al., 1998; Santini et a1., 2002; Pachuau et al., 2015). The frequency of non 

specific health symptoms such as nausea, loss of appetite, visual disturbance, 

irritability, and depression were found to be significantly higher in the population 

living close (within 100m) to mobile phone base stations as compared to those 

living away from these stations (Santini et al., 2002, 2003). It is possible that RF 

radiation may change the fidelity of DNA as the increased incidence of cancer has 

been reported already (Hardell et al., 1999; Bortkiewicz et al., 2004; Wolf and 

Wolf, 2004; Hutter et al., 2006; Abdel-Rassonl et al., 2007). Any form of damage 

to DNA is subsequently converted into DNA strand breaks, especially after DNA 

repair and it will be expressed in the form of chromosome breaks (Ensminger et 

al., 2014). Chromosomal abnormalities are thought to be important in the 

development and progression of cancer pathology (Mitelman et al., 1997).  

A number of studies have reported an increase in the DNA 

damage/micronuclei in different study systems. The human peripheral blood 

lymphocytes exposed to RF radiation have shown an increased frequency of 

micronuclei earlier (Garaj-Vrhovac et al., 1992, Zotti-Martelli et al., 2000; 

d’Ambrosio et al., 2002; Tice et al., 2002; El-Abd and Eltoweissy, 2012). Various 

studies conducted in other systems have revealed an increased micronuclei 

frequency after exposure to RF radiation (Balode, 1996; Trosic et al., 2002, 2004; 

Busljeta et al., 2004; Gandhi and Singh, 2005). 

Many environmental pollutants are shown to initiate oxidative damage, for 

example heavy metals, polycyclic aromatic hydrocarbons, pesticides, 

polychlorinated biphenyls, dioxins, and other xenobiotics (Livingstone, 2001). 

Exposure to electromagnetic radiation may exert an oxidative stress on human 

cells as evidenced by the increase in the concentration of the superoxide radical 
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anion released in the saliva of cell phone users (Abu Khadra, 2014). Also, RF 

electromagnetic waves emitted from cell phones led to oxidative stress in human 

semen (Agarwal, 2009). Biochemical changes associated with a prolonged 

exposure to electromagnetic fields and its relationship to the activity of 

antioxidant system have been reported in rat ( Achudume et al., 2010; Atasoy et 

al., 2012 ).  

 Studies  conducted  in  Guru  Nanak  Dev  University,  Amritsar  

has found  correlation  between  mobile  phone  use  (exposure  to  RF  radiations)  

and  DNA  and  chromosomal  damage  in lymphocytes of individuals using 

mobile phones which may have long term consequences in terms of neoplasia 

and/or age related changes (Gandhi, 2007). Exposure to RF radiations has been 

reported to affect physiological, neurological, cognitive and behavioral changes 

(Gandhi and Singh, 2005). A recent study conducted in Aizawl have revealed an 

increased in micronuclei frequency after exposure to RF Radiation, and also 

reported relatively lower levels of antioxidants and higher level of lipid 

peroxidation among people  in the vicinity of mobile base stations, than control 

group indicating possibility of having oxidative stress
 
(Zothansiama et al., 2017). 

 Indian  Council  of  Medical  Research  (ICMR)  supported  an  animal  

study  under Prof. J. Behari, School of  Environmental  Sciences,  Jawaharlal  

Nehru  University,  New  Delhi (2005-08).  Anti-oxidative   changes   were   

noticed   in   reproductive  pattern  of  male  rats  and  increase  in  the  level  of 

CAT  activity. The  result  obtained  showed  that  the  chronic  exposure  to  these  

radiations cause double strand DNA breaks in sperm cells.  This study  also  

shows  that  the  microwave  radiation  exposure  can    cause  statistically  

significant  decrease  in  the  sperm  count  and testes weight.   

 To  study  the  adverse  effects  of  cell  phone,  the  ICMR  has  just  

initiated (2010) a study in Delhi to examine whether use of  cell phone create risk 

of neurological disorders and reproductive  dysfunctions. Measurement of SAR 

from  various types of cell phones and power density, wave length and  frequency  

of  RF radiation  emitted  from  cell  phone  towers  is  also  under  study. These 
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physical characteristics of RF Radiation will be correlated with the clinical and 

laboratory findings.   
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CHAPTER 2 

INTERACTION OF RF RADIATION WITH BIOLOGICAL 

TISSUES 

2.1 : Mobile communication 

This chapter deals with exposure of RF radiation from Mobile/Cell tower. A 

brief introduction of mobile communication system is given first before discussing the 

interaction of RF radiation with biological tissues. 

GSM (Global System for Mobile Communication) is a digital mobile telephony 

system that is widely used in Europe and other parts of the world. Mobile services based 

on GSM technology were first launched in Finland in 1991 (Huurdeman, 2003).  

GSM uses a variation of time division multiple access (TDMA) and is the most 

widely used of the three digital wireless telephony technologies (TDMA, GSM, and 

CDMA). GSM digitizes and compresses data, then sends it down a channel with two 

other streams of user data, each in its own time slot. It operates at either the 900 MHz or 

1800 MHz frequency band. 

A cell phone transmits 1 to 2 Watt of power in the frequency range of 824 - 849 

MHz (CDMA), 890 - 915 MHz (GSM900) and 1710 – 1780 MHz (GSM1800) to the 

base station. Cell tower antennas transmit in the frequency range of 869 - 894 MHz 

(CDMA), 935 - 960 MHz (GSM900) and 1810 – 1880 MHz (GSM1800). Also, 3G has 

been deployed in a few cities, in which base station antenna transmits in the frequency 

range of 2110 – 2170 MHz.  

The antennas connected to the base station tend to be mounted high above 

ground level because the radio signals would be blocked by buildings etc if the antennas 

were nearer the ground. Antennas used with macro-cellular base stations are generally 

placed between 15 and 50 m above ground level because they are designed to provide 

communications over distances of several kilometres. However, micro-cellular base 

http://searchcio-midmarket.techtarget.com/definition/digital
http://searchnetworking.techtarget.com/definition/TDMA
http://searchmobilecomputing.techtarget.com/definition/wireless
http://searchtelecom.techtarget.com/definition/CDMA
http://searchnetworking.techtarget.com/definition/MHz
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stations have their antennas mounted nearer ground level as communications are only 

carried out over distances of a few hundred metres. Antennas tend to be mounted 

directly on existing structures, such as buildings, when this is convenient, but ground 

based lattice towers, shorter masts mounted on roofs, and lamp-post type systems are 

also used. 

 

 

 

 

 

 

 

 

Figure 2.1: Block diagram of Mobile phone communication system 

 Mobile phone operators divide a region in large number of cells, and each cell 

is divided into number of sectors. The base stations are normally configured to transmit 

different signals into each of these sectors. In general, there may be three sectors with 

equal angular coverage of 120 degrees in the horizontal direction as this is a convenient 

way to divide a hexagonal cell. If number of users is distributed unevenly in the 

surrounding area, then the sectors may be uneven. These base stations are normally 

connected to directional antennas that are mounted on the roofs of buildings or on free-

standing masts. The antennas may have electrical or mechanical down-tilt, so that the 

signals are directed towards ground level. The figure shows how the area covered 

by each base station can be regarded as a hexagon if there is a fixed distance 

between neighbouring base stations. In practice, the location of base stations is 

influenced by many factors so cells vary in shape and size. 
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Figure 2.2: Diagram showing division of cells by service provider 

 

2.2  Effects of RF/MW radiation on Biological Tissues 

The effects of the interaction of RF and Microwave radiation with biological 

tissues can be considered as the result of three phenomena: 

1. The penetration of EM waves into the living system and their propagation into it. 

2. The primary interaction of the waves with biological tissues. 

3. The possible secondary effects induced by the primary interaction. 

Living systems have a large capacity for compensating for the effects induced by 

external influences, in particular EM sources. This is very often overlooked while it is 

one main reason for which conclusions derived from models have to be taken with 

precaution. The radiation mechanism considered consists of a source that emits EM 

energy. Part of the incident energy is absorbed and transformed within the biological 

system. Hence, there is the sequence source–radiation–target. The physical laws of EM 

field theory, reflection, diffraction, dispersion, interference, optics, and quantum effects, 

must be applied to investigate and explain the observed phenomena. This is true in 

general, for the whole spectrum of EM radiation. Before starting any interpretation of 

the results obtained, however, it is necessary to survey the basic phenomena involved in 

the interaction of RF and Microwave radiation with living systems.  

The first step is to review basic bioelectricity (Reilly et al.1993). Natural 

bioelectric processes are responsible for nerve and muscle function. Externally applied 

electric currents can excite nerve and muscle cells. The nervous system is concerned 
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with the rapid transfer of information through the body in the form of electrical signals. 

It is conveniently divided into the central nervous system (CNS) and the peripheral 

nervous system. Muscles can be stimulated directly or indirectly through the nerves that 

enervate the muscle. Thresholds of stimulation of nerve are generally well below 

thresholds for direct stimulation of a muscle. Hence, an understanding of neuro-electric 

principles is a valuable foundation for investigating both sensory and muscular 

responses to electrical stimulation. 

2.2.1 Bioelectric Phenomena 

All living cells exhibit bioelectric phenomena. However, a small variety only 

produce potential changes that reveal their physiological function. There are familiar 

bioelectric recordings. The three most prominent bioelectric effects, those of heart, 

skeletal muscle, and brain, are recorded by the following: the electrocardiogram (ECG), 

reflecting the excitation and recovery of the whole heart; the electromyogram (EMG), 

reflecting the activity of skeletal muscle; and the electroencephalogram (EEG), 

reflecting the activity of the outer layers of the brain, the cortex. In these cases, the 

action potentials are used for diagnostic purposes, and extracellular electrodes are used 

that are both large and distant from the population of cells that become active and 

recover. The depolarization and repolarization processes send small currents through the 

conducting environmental tissues and fluids, resulting in a time-varying potential field. 

Appropriately placed electrodes can record the electrical activity of the bioelectric 

generators. However, the waveforms of such recordings are vastly different from those 

of the transmembrane action potentials. It has been shown by Geddes and Baker that 

such extracellular recordings resemble the second derivative of the excursion in the 

transmembrane potential (Geddes et.al, 1989). Despite the difference in waveform, 

extracellular recordings identify the excitation and recovery processes very well  (Reilly 

et.al., 1993 ). Furthermore the eye, ear, sweat glands, and many types of smooth muscles 

also produce action potentials that are used for their diagnostic value  (Geddes et.al 

1989). 
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Bioelectricity is extremely important in a living body. It has long been shown 

that direct application of an externally generated voltage may have an effect on bone and 

cartilage repair. Considerable animal and in vitro experimentation suggests the clinical 

usefulness of electric currents for soft tissue repair and possibly to enhance repair of 

nerve fibers that have sustained crush or transsection injury  (Reilly et.al., 1993 ). There 

is no doubt that bioelectricity has to be taken into account seriously when investigating 

possible medical applications of RFs and microwaves as well as when wondering about 

possible hazards on human beings and animals due to RF or microwave exposure. 

 

2.3: Dielectric Properties and Polarisation of RF Radiation  

 There are three relaxation processes which are mainly responsible for the 

dielectric properties of tissues: dipolar orientation, interfacial polarization, and ionic 

diffusion. The theories summarized below apply to linear responses to weak fields. As 

the field intensity is increased, at some level the response will no longer be linear. The 

threshold at which nonlinearity becomes noticeable depends on the system and the 

investigated dielectric effect. 

2.3.1 Dipolar Orientation: The basic theory is macroscopic and does not strictly apply 

to molecular systems. It applies poorly to liquids, especially to water. In tissues, several 

dipolar effects may be anticipated. Globular proteins typically exhibit total dielectric 

increments of the order of 1–10 per gram of protein per 100 g of solution, with 

relaxation frequencies in the range 1–10 MHz. Polar side chains on protein relax at some 

higher frequencies. However, these are likely to be relatively small effects in tissues at 

RFs and below for which charging phenomena or counterion effects dominate the 

dielectric properties. Water is the major constituent in most tissues, and in several 

respects the dielectric properties of tissues reflect those of water. At RFs, the 

conductivity of tissue is essentially that of its intracellular and extracellular fluids. At 

microwave frequencies the dielectric dispersion arises from the dipolar relaxation of the 

bulk tissue water. Dipolar relaxation of water is a dominant effect in tissues at 

microwave frequencies. Pure water undergoes nearly single time constant relaxation 
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centered at 20 GHz at room temperature and 25 GHz at 37°C. Water associated with 

protein surfaces has a lower relaxation frequency than that of the bulk liquid, and this 

water fraction contributes noticeably to the dielectric dispersion at frequencies near 1 

GHz. 

2.3.2 Interfacial Relaxation : If a material is electrically heterogeneous, charges do appear at 

the interfaces within the material because of boundary conditions at the interfaces. Interfacial 

effects typically dominate the dielectric properties of colloids and emulsions. Evaluating the 

effect of interfaces within a material is a classical EM problem, in particular for evaluating the 

transmission and reflection of EM waves. Simple models can easily be analyzed. Cartesian 

configurations are most easy to evaluate, for instance two semi-infinite media in contact with 

each other, one slab of a given thickness inserted into an infinite medium separated in two parts 

by the slab, two slabs in contact with each other, and so on. The bulk permittivity and 

conductivity of the composite material can easily be calculated. When the bulk material 

properties of the constituent phases vary with frequency, the frequency dependence of 

the heterogeneous material can no longer be characterized by a single relaxation time. 

2.3.3 Ionic Diffusion:  Counter-ion phenomena are due to ionic diffusion in the 

electrical double layers adjacent to charged surfaces. Counter-ion polarization effects 

have been reported in a variety of systems containing charged surfaces: emulsions, 

suspensions of charged polystyrene spheres, micro-organisms and long-chain 

macromolecular poly-ions such as DNA. The time constants for such effects are of the 

form L
2
/D, where L is the length over which diffusion occurs and D is a diffusion 

coefficient. In contrast, the time constant for the Maxwell–Wagner effect is of the form 

of RC or 


 0 , where R (or 1/ ) is a resistance and C (or 0 ) a capacitance. Counter-

ion effects contribute to the alpha dispersion that is found in tissues at low frequencies. 

They are dominant in biological systems at KiloHertz frequencies and below: 

Suspensions of sub-micrometer sized polystyrene spheres have permittivity values 

approaching 104 with relaxation frequencies in the KiloHertz range. 
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When a material is submitted to an applied electric field, it becomes polarized, 

the amount of which is called the polarization vector. This is due to the fact that, in 

many circumstances, electric dipoles are created or transformed into the material, which 

corresponds to what is called the dielectric properties of the material. Hence, the 

polarization is the electric dipole moment per unit volume, in Coulombs per square 

meter. The total electric field in a dielectric material is the sum of the applied electric 

field and of an induced electric field, resulting from the polarization of the material. As a 

simple example, a perfect electric conductor is defined as an equipotential material. If 

the points in the material are at the same electric potential, then the electric field must be 

zero and there can be no electric charges in the material. When a perfect electric 

conductor is submitted to an applied field, this applied field exists in all points of the 

material. To have a vanishing total electric field, the material must develop an induced 

electric field such that the sum of the applied field and the induced field vanishes in all 

points of the material. The induced field is calculated by taking into account the 

geometry of the problem and the boundary conditions, which can of course be 

complicated. As another example, a human body placed in an applied electric field 

develops an induced electric field such that the sum of the applied field and the induced 

field satisfies the boundary conditions at the surface of the body. The total field in the 

body is the sum of the applied field and of the induced field. A new vector field is then 

defined, known as the displacement flux density or the electric flux density, in 

Coulombs per square meter similarly to the polarization, defined as 

   
0D E P   Cm

-2
     (2.1) 

This definition is totally general, applying to all materials, in particular to all biological 

materials. The dipolar polarization, resulting from the alignment of the molecule dipolar 

moment due to an applied field, is a rather slow phenomenon. It is correctly described by 

a first-order equation, called after Debye ( B. Frankenhaeuser et.al 1964): The dipolar 

polarization reaches its saturation value only after some time, measured by a time 
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constant called relaxation time  . The ability to polarize, called the polarizability, is 

measured by the parameter  

                                  C
j

d 








1

0      (2.2) 

where constant C takes into account the non-zero value of the polarizability at infinite 

frequency. The relative permittivity related to this phenomenon is  

    
' ''

r r rj          (2.3) 

It should be observed that the permittivity is a complex quantity with real and 

imaginary parts. If 0r and r  are the values of the real part of the relative permittivity at 

frequencies zero and infinity, respectively, one can easily verify that the equations can 

be written as   


 

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r
    (2.5) 

The parameter r  is in most cases the value at optical frequencies. It is often 

called the optical dielectric constant. Dipolar polarization is dominant in the case of 

water, much present on earth and an essential element of living systems. The relative 

permittivity of water at 0°C is 

         
)(113.01

83
5

GHzfj
r


     (2.6) 

with 1/t = 8.84 GHz. The real part of the relative permittivity is usually called the 

dielectric constant, while the imaginary part is a measure of the dielectric losses. These 

are often expressed also as the tangent of the loss angle:  

'

''

tan



 r      (2.7) 
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2.4: Skin depth 

When a conductive material is exposed to an electromagnetic field, it is 

submitted to a current density caused by moving charges. In solids, the current is 

limited by the collision of electrons moving in a network of positive ions. Good 

conductors such as gold, silver, and copper are those in which the density of 

free charges is negligible, the conduction current is proportional to the electric field 

through the conductivity, and the displacement current is negligible with respect 

to the conduction current. The propagation of an EM wave inside such a material 

is governed by the diffusion equation, to which Maxwell’s equations reduce in 

this case. Biological materials are not good conductors. They do conduct a 

current, however, because the losses can be significant; they cannot be considered 

as lossless. The depth of penetration of electromagnetic wave inside conductor or 

dielectric can be obtained by using Maxwell’s electromagnetic equations. 

We have Maxwell’s equations in material medium given by 

E
H = E + 

t
 






r
r r r

     (2.8)        

H
E = 

t


 




r
r r

     (2.9)  

Where   is electric conductivity of the medium,   is electric permittivity of the 

medium,   is magnetic permeability of the medium. 

Taking curl on both sides in equations (2.8) & (2.9), we get 

2
2

2

H H
H 0

t t
 

 
   

 
    (2.10)       
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 
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    (2.11) 
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Electric field of the plane wave is given by 

o

i(k.r  t)E(r, t) = E (r, t) e      (2.12) 

Since equation (2.12) is solution of equation (2.10), substituting equation (2.12) in 

equation (2.10), 

2 2 k E  i E  E = 0      

or , 
2 2k  = i       (2.13) 

Where k is propagation vector, it is a complex quantity. Let us write 

k =  + i         (2.14)  

or 
2 2 2k  = α β + 2αβ       (2.15) 

Comparing equation (2.13) & (2.15) we get, 

2 2 2α β         (2.16)  

& 2αβ =         (2.17) 

Solving equations (2.16) & (2.17), we get 

1
1 2

2 2

 = 1 1
2

 
 



             

    (2.18) 
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1 2

2 2

 = 1 1
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 
 



              

    (2.19) 

For low frequency, the quantity 1



 . In that case both the equations (2.18) & (2.19) 
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reduces to 

 =  = 
2


        (2.20) 

Equation (2.20) is valid mainly for good conductors, where the conduction 

current is large with respect to the displacement current, it shows that the amplitude 

of the fields decays exponentially inside of the material. 

The parameter   is called skin depth. It is equal to the distance within the 

material at which the field reduces to 36.8% of the value they have at the surface. It is 

found that the skin depth decreases when the frequency increases, being inversely 

proportional to the square root of frequency. It also decreases when the 

conductivity increases: The skin depth is smaller in a good conductor that in 

another material. Furthermore, it can be shown that the fields have a phase lag 

equal to 
z


 at depth z. 

For most biological tissues, the displacement current is of the order of 

the c expression should then be used instead of (2.20) (Jordan, 1950) 

1
1 2

2 2

 = 1 1
2

 
 



              

    (2.21) 

The following important observations can be deduced from Eqn. (2.20): 

1.  The fields exist in every point of the material. 

2.  The field amplitude decays exponentially when the depth increases. 

3. The skin depth decreases when the frequency, the permeability, and the 

conductivity of the material increase.  For instance, the skin depth of copper is 

about 10 mm at 50 Hz, 3 mm at 1 kHz, and 3 µm at 1 GHz. It is equal to 1.5 cm at 

900 MHz and of the order of 1 mm at 100 GHz in living tissues.  
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These results are strictly valid for solids limited by plane boundaries. They 

are applicable to materials limited by curved boundaries when the curvature 

radius is more than five (5) times larger than the skin depth. In the other cases, a 

correction has to be applied. The phenomenon just described is the skin effect:  

Fields, currents, and charges concentrate near the surface of a conducting material. 

This is the reason why materials which are simultaneously magnetic and 

conducting, such as mumetal,  are used for low-frequency shielding.  In practice, 

the skin effect becomes significant for humans and larger vertebrates at 

frequencies above 10 MHz.  

Shielding is much easier to achieve at higher frequencies. The skin effect 

implies that ,when using microwaves for a medical application, the higher the 

frequency,, the smaller the penetration, which may lower the efficiency of the 

application. Hence, the choice of frequency is important. It also implies that if a 

human being, for instance, is submitted to a microwave field, the internal organs 

are more protected at higher than at lower frequencies. As an example, the skin 

depth is three times smaller at 900 MHz, a mobile telephony frequency, than at 

100 MHz, an FM radio frequency, which means that the fields are three times 

more concentrated near the surface of the body at 900 MHz than at 100 MHz. It 

also means that internal organs of the body are submitted to higher fields at 

lower frequency than at higher frequency at lower frequency than at higher 

frequency. 

The skin effect is also characterized by the intrinsic (or internal or metal) 

impedance, obtained by dividing the electric field at the surface by the current per 

unit width (Ix) flowing into the material (Vander Vorst et al., 2009): 

(1 )o
m

x

E j
Z j

I





           (2.22) 

The impedance is useful for calculating the (complex) power dissipation in 
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the material. A property of the exponential curve is that its integration yields a 

result equal to the initial value times the skin depth. In other words, the 

intrinsic resistance of the material in which the fields decay exponentially 

would be the same if the current was uniformly distributed over depth  . 

Hence, the total power dissipated in the material under an exponentially 

decaying field is equal to the power dissipated in depth   under a field constant 

and equal to the value at the surface.   

Table 2 .1 summarizes some skin depth values for human tissues at some 

frequencies. The EM properties of the tissues as well as their variation as a 

function of frequency have been taken into account.  

           

Table 2.1 : Typical skin depths in Human Tissue (Vander Vorst et al., 2009) 

Figure 2.3 shows the variation of the power absorbed inside a human body 

as a function of the penetration depth at several microwave frequencies (Vander 

Vorst et al., 2009): We are less and less transparent to non ionizing EM radiation 

when the frequency increases. In the optical range, skin depth is extremely small 

i.e. not transparent anymore. Variation of the dielectric constant as a function of 

frequency was taken into account in this figure 

 

 

 

 

                        Parameter Radio 

FM 

TV 

Transmitter 

Telephony 

Mobile 

Telephony 

Mobile 
 Frequency (MHz) 100 450 900 1800 

 Skin depth (cm) 3 1.5 1 0.7 

 Depth at which power reduces to 1% (cm) 9 4.5 3 2 
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Figure 2.3 :  Power absorbed in muscles as function of skin depths at various  

frequencies  

 

There is a tendency to believe that RFs and microwaves exert more 

significant biological effects at low and extremely low frequencies. This is not 

necessarily true: The dielectric constant of living materials is about 10,000 times 

larger at ELF than at microwaves. The dielectric constant is important because it is 

the link between the source field and the electric flux density (also called the 

displacement field). A dielectric constant 10,000 times larger implies the 

possibility of an electric flux density of a given value with a source field 10,000 times 

smaller. Figure 2.4 shows the dielectric constant of living material (muscle) as a 

function of frequency (Gerin et al., 1999). There is a level of about 1,000,000 at 

ELF up to 100 Hz, then a second level of about 100,000 from 100 Hz to 10 kHz, 

and, after some slow decrease, a third level of about 70–80 from 100 MHz to some 

GHz. This last value is that of the dielectric constant of water at microwaves. One 

of the main constituents of human tissues is water. Hence, we have about the same 

microwave properties as water. 
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Figure 2.4 : Dielectric constant of living material as a function of frequency. 

However, as mentioned earlier microwaves are in the frequency range in 

which the wavelength is of the order of the size of objects of common use - meter, 

decimeter, centimeter and millimeter - depending of course on the material in 

which it is measured. Hence such wavelengths can excite resonance in biological 

tissues and systems.  
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CHAPTER 3 

METHODOLOGY 

 

The research work mainly consist of measurements of power densities and 

frequency spectrum and questionnaire surveys on 13 non specific health symptoms 

which are supposed to be associated with exposure to RF/MW radiation. The 

questionnaires collected were analyzed with SPSS software version 16.0 to test the 

significance by performing t-test. 

 

The objectives of the research work are: 

1. To ensure that the RF radiation from the base transceiver stations comply with the 

guidelines set by ICNIRP recommendation 1998 and the current Indian standard for 

human exposure to RF. 

2. To understand the status of electromagnetic radiation (RF radiation) level among 

general public in Champhai and Lunglei districts of Mizoram. 

3. To study the health hazards faced by the inhabitants near the base transceiver stations.  

4. To study the relationship between health complaints and the corresponding power 

density. 

 

3.1 Questionnaire survey 

  To study the health hazards and problems faced by the inhabitants living 

close to the base transceiver station, questionnaire surveys were conducted on 13 

different non specific health symptoms. The questionnaire was similar to that 

developed for the study on mobile phone users by Santini et al. (2002). The surveys 

were conducted in four different localities in Champhai city, two towns –Khawzawl 

and Kawlkulh within Champhai District, a total of six different sites of studies in 

Champhai district. Survey was also conducted in eight different localities in Lunglei 

District.  The level of complaints for the studied symptoms was expressed by using a 
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scale of: 0 = never, 1= sometimes, 2 = often, 3 = very often. Details of the different 

levels are given in table 3.1. 

                        

Level 

Indication Frequency of complaints 

0 Never             - 

1 Sometimes Once a week 

2 Often 2 or 3 times a week 

3 Very often More than 3 times a week 

   

Table 3.1 : Details of the different levels of health complaints. 

  In Champhai District, the survey was done first in Champhai Kanaan, a locality 

in the outskirt of Champhai. A total of 50 persons (24 male, 26 female) in the age group 

of 15-60 years from different parts of the locality willingly participated in the 

questionnaire. As there was no mobile tower in Champhai Kanaan (the nearest tower 

from Champhai Kanaan is located about 500m  away at another  locality), the average 

power density was very low (0.0088 mW/m
2 

for GSM 900, 0.0754 mW/m
2
 for GSM 

1800, net average value of 0.042 mW/m
2
), which is within the safe limit of RF/MW 

exposure recommended by any organization. Practically, they can be considered not 

exposed to RF/MW radiation. Due to this reason, the questionnaire responses from 

Champhai Kanaan were used as the reference (for not exposed inhabitants, i.e. control 

group) for comparison of questionnaires with all the other sites of study within 

Champhai District. 

  In the other sites of study, the same number of questionnaires i.e. 50 (24 male, 26 

female) was distributed in order to achieve uniformity in the comparison. The 

inhabitants were requested to participate in the questionnaire. As mentioned earlier, 

questionnaire responses of each other locality was compared with that of Champhai 

Kanaan by doing statistical analysis using independent t- sample test. Comparison 

between questionnaire responses of male and female were done for each locality using 

independent t-test. 

             In Lunglei District, the survey was done first in Zohnuai, a locality where there 

is no mobile tower (the nearest tower is located at 1 km. from Zohnuai). As there was no 

mobile  tower in Zohnuai, the average power density was very low(0.015mw/m
2
 for 
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GSM900, 0.150 mW/m
2
 for GSM1800, net average value of 0.083mW/m

2
), which is 

within the safe limit of RF/MW exposure  recommended by any organization. 

Practically, they can also be considered not exposed to RF/MW radiation. Due to this 

reason, the questionnaire responses from Zohnuai were used as the reference (for not 

exposed inhabitants, i.e. control group) for comparison of questionnaires with all the 

other sites of study within Lunglei District.   

               Again, in the other sites of study, the same number of questionnaires i.e. 50 (24 

male, 26 female) was distributed in order to achieve uniformity in the comparison. The 

inhabitants were requested to participate in the questionnaire. As mentioned earlier, 

questionnaire responses of each other locality was compared with that of Zohnuai by 

doing statistical analysis using independent t-sample test. Comparison between 

questionnaire responses of male and female were done for each locality using 

independent t-test. 

Sl. 

No. 

Symptom  Scale 

0 1 2 3 

1. Fatigue     

2. Nausea     

3. Sleep disruption     

4. Feeling of discomfort     

5. Headache     

6. Cramp     

7. Difficulty in concentration     

8. Memory loss     

9. Skin problem     

10. Visual disruption     

11. Hearing problem     

12. Dizziness     

13. Muscle pain     

Table 3.2: The questionnaire format used in the study (Santini et al. 2002) 
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3.2 Power density measurement 

Power density measurements were carried out at different houses and public 

places in each site of study. In each locality, power densities were measured at 10-12 

different places, the average of those measurements were calculated. At the same time, 

absolute power (in dBm) was measured at each measurement site. The average value of 

each locality was compared with the recommendations given by various organizations 

like International Commission on Non Ionizing Radiation Protection (ICNIRP 1998), 

Bioinitiative Report 2012, Salzburg 2001 and the current Indian national limit. No 

mobile phone was turned on in the vicinity while taking readings. The main purpose of 

the measurement is to ensure that RF/MW field emission from each site does not exceed 

the safe public limits and to find whether there is relationship between the health 

complaints and the measured power densities.  

All the measurements were done with the instrument HF-60105V4, 

manufactured by Aaronia, Germany. The HF-60105 V4 is a high-frequency RF 

spectrum analyzer that provides simplified measurement of RF signals for Interference 

and exposure applications. Find radiation sources, find their respective frequencies and 

signal strengths, including direct display of exposure limits. The highly complex 

calculations required for exposure limit calculations are performed automatically by a 

high-performance DSP (Digital Signal Performance). 

HF 60105 V4 features :  

 Frequency range : 1MHz to 9.4GHz 

 Input connector : SMA(f) 50 ohms 

 Display : dBm, V/m, A/m, dBiV, W/m2  

 Exposure limits with percentage display  

 RBW : 200Hz to 50MHz  

 Maximum Level : +40dBm with external attenuator 

 Option 020 internal 15dB RF preamplifier 

 Extended full ICNIRP range (with external attenuator) 

 Internal data logger 



CHAPTER 3                                                                                      METHODOLOGY 

 

44 
 

24

t
d

P
P

R


 Time-slot analyzer 

 Internal speaker and audio output (internal AM/FM demodulation) 

 Configurable antenna and cable calibration data 

 

 

 

 

 

 

 

Figure 3.1 : Recording frequency spectrum with HF 60105V4 

Different scientific organizations have recommended maximum power density 

exposure from RF/MW radiation for the safe limit. 

The amount of energy passing through unit area per unit time is called Power 

density (Pd). If the transmitter is isotropic, it radiates energy uniformly in all directions. 

The power of a transmitter that is radiated from an isotropic antenna will have a uniform 

power density in all directions. The power density at any distance (R) from an isotropic 

antenna is the transmitter power divided by the surface area of a sphere (4πR
2
) at that 

distance. The surface area increases by the square of the radius, therefore power density 

decreases by the square of the radius.  

Power density form an isotropic antenna is given by (Nahas and Simsim, 2011)  

 

                                                                         (3.1) 

 

where Pt = Transmitter power (peak or average depending on how Pd is to be specified), 

R = radius of the sphere. 

If G be gain of the antenna which is the ratio of power radiated in the desired 

direction as compared to the power radiated from the antenna, and let n be the number 

transmitter, we have
 
(Nahas and Simsim, 2011)  
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nPG
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      (3.2) 

If the antenna gain is given in dB rather than dimensionless number, it can be 

converted back to dimensionless number by using the formula  

    10[10]

x

G

 
 
      (3.3) 

where x is the antenna gain given in dB, G is the antenna gain expressed in 

dimensionless number.  

 

3.3 Frequency spectrum 

Frequency spectrum of the RF radiation was taken at each site. The frequency 

peak for each measurement was recorded. The same instrument HF-60105V4, 

manufactured by Aaronia, Germany was used to analyse frequency spectrum. The 

instrument is capable of measuring non-ionizing radiation for frequency in the range of 1 

MHz - 9.4 GHz. In the selected site, other than RF radiation, the other electromagnetic 

signals present were of TV and radio, which lie outside the GSM-900 frequency range. 

Hence, it has been assumed that the peaks observed were of RF radiation from the tower 

only.  

 

 

3.4 Statistical analysis 

The questionnaire responded were statistically analysed using independent t-

sample test, as given in SPSS ver.16.0. SPSS is a widely used program for statistical 

analysis in social science. 

Statistics included in the base software are: Descriptive statistics: Cross 

tabulation, Frequencies, Descriptives, Explore, Descriptive Ratio Statistics. Bivariate 

statistics: Means, t-test, ANOVA, Correlation (bivariate, partial, distances), 

Nonparametric tests, Prediction for numerical outcomes: Linear regression Prediction 

for identifying groups: Factor analysis, cluster analysis (two-step, K-means, 

hierarchical), Discriminant. 
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 The main objective of the analysis is to find out whether is there any significant 

health complaints by using 95% confidence interval, i.e. significant value (p-value) less 

than 0.05. Those comparisons having p-value less than 0.05 only were considered to be 

significant. The analysis were done in three different ways –  

1) Based on exposure to RF radiation: Comparison of the responses from 

inhabitants of Champhai Kanaan or Zohnuai and each other locality/village. In this case, 

inhabitants of Champhai Kanaan or Zohnuai were assumed to be not exposed to the RF 

radiation as power density was very low in this locality. This comparison was treated as 

inhabitants exposed to RF radiation versus those inhabitants who were not exposed to 

the same.  

(2) Based on sex: Comparison of responses between male and female in each 

locality except that of Champhai Kanaan or Zohnuai. Male and female from each 

locality were exposed to the same RF radiation. The objective of this comparison was to 

find out who is having more health complaints between male and female.  
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CHAPTER 4 

 

EXPERIMENTAL MEASUREMENT OF POWER DENSITY AND 

FREQUENCY SPECTRUM 

 

Power densities were measured in each locality at different places selected 

randomly within 50 m and outside 50 m from the given base transceiver station (BST). 

The measurement was carried out in 4 localities in Champhai town and 2 villages 

outside Champhai town within Champhai District, eight (8) different localities in 

Lunglei District; a total of 14 different localities and villages. At the same time, 

frequency spectrum was taken for both GSM 900 and GSM 1800 for each locality. 

Measurements were done within 100 m from the tower except where there was no base 

transceiver station. In most of the places, particularly in Champhai and Lunglei town, 

taking measurements outside 100 m from a given BST was not practicable as the next 

tower comes within 100 m. The measured average power density of each locality was 

compared with safety limit recommendations of some organizations like ICNIRP (4700 

mW/m
2
), Indian standard (450 mW/m

2
), Bioinitiavive 2012 (0.5 mW/m

2
), Salzburg 

resolution 2000 (1 mW/m
2
).  

 

4.1. Power density measurements in different localities in Champhai District: 

Power density measurement was carried out first in the locality called Champhai 

Kanaan, in the outskirt of Champhai town. There was no mobile tower in the locality, 

the nearest tower was located at another locality called Maubawk which is about 500 m 

away. Being the locality with no mobile tower, power density was very low compared to 

that of the safe limit recommendations of any organization and to that of other localities 

under study. Due to this reason, measurements and responses from inhabitants of 

Champhai Kanaan were used as the Control group. Details of the measurements at all 

the study sites were given in the following tables.  

 



CHAPTER 4             EXPERIMENTAL MEASUREMENT OF POWER 

DENSITY AND FREQUENCY SPECTRUM 

 

49 
 

 

4.1.1. Champhai Kanaan 

 

Table 4.1: Power density measurement at Champhai Kanaan. 

 

There was no mobile tower in Champhai Kanaan, the nearest tower is located 

more than 500m away. All the measuments were done outside 500 m. The measured 

power densities were much lower than the recommendation given by any scientific 

body; as such the inhabitants were supposed to be not-exposed to the RF radiation. The 

questionnaires they responded were taken as reference for comparing with that other 

localities.  

 

 

Sl. 

No. 

Distance 

from tower 

(in m)  

GSM 900 GSM 1800 

Power 

density 

(mW/m
2
) 

Power 

(dBm) 

Power 

density 

(mW/m
2
) 

Power 

(dBm) 

1. Site - 1 0.019 -38 0.180 -34 

2. Site – 2 0.009 -41 0.118 -36 

3. Site – 3 0.003 -46 0.006 -49 

4. Site – 4 0.008 -42 0.150 -35 

5. Site – 5 0.003 -46 0.008 -47 

6. Site – 6 0.002 -48 0.003 -53 

7. Site – 7 0.001 -52 0.005 -50 

8. Site – 8 0.007 -43 0.175 -34 

9. Site – 9 0.022 -37 0.056 -39 

10. Site – 10 0.002 -48 0.032 -41 

11. Site - 11 0.021 -38 0.096 -37 

Average power 

density 

0.0088  

mW/m
2
 

 0.0754  

mW/m
2
 

  

Total Average power density for GSM 900 & 

GSM 1800 

0.0421 mW/m
2
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4.1.2. Champhai Vengsang Tower 1: 

Sl.No. 

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 15 0.424 -26 0.145 -35 

2 20 0.182 -28 0.166 -34 

3 30 0.172 -29 0.370 -31 

4 35 0.159 -29 1.46 -24 

5 40 0.662 -23 0.770 -28 

Average Power Density 0.298 

 

0.582 

 Average Power Density of GSM900 & GSM1800 for < 50m 

= 0.440 

  More than 50m 

6 60 0.304 -26 0.862 -33 

7 70 0.639 -33 0.619 -39 

8 75 0.072 -32 0.514 -39 

9 80 0.097 -31 0.07 -38 

10 90 0.245 -27 0.045 -40 

      Average Power Density 0.199 

 

0.457 

 Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.328 

  Net Average Density (a) = 0.248 

 

(b) = 0.519 

 Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.383 

 

Table 4.2: Power density measurement at Champhai Vengsang Tower 1. 
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4.1.3. Champhai Vengsang Tower 2: 

    GSM900 GSM1800 

Sl.No. 

Distance from  

tower (m) 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.236 -27 0.496 -30 

2 20 0.395 -25 0.121 -36 

3 30 0.42 -25 0.188 -37 

4 40 0.099 -31 0.185 -34 

5 45 0.024 -37 0.029 -42 

Average Power Density 0.234 

 

0.203 

 Average Power Density of GSM900 & GSM1800 for < 

50m = 0.218 

  More than 50m 

6 55 0.044 -20 0.019 -41 

7 60 0.229 -29 0.022 -44 

8 70 0.289 -29 0.814 -47 

9 80 0.245 -24 0.01 -49 

10 90 0.071 -24 0.047 -42 

      Average Power Density 0.175 

 

0.107 

 Average Power Density of GSM900 & GSM1800 for > 

50m = 0.107 

  Net Average Density (a) = 0.204 

 

(b) = 0.122 

 Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.163 

 

Table 4.3: Power density measurement at Champhai Vengsang Tower 2. 
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4.1.4.Champhai Vengsang Tower 3: 

Sl.No 

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 15 0.100 -31 0.371 -31 

2 20 0.165 -29 1.60 -24 

3 30 0.112 -30 0.372 -31 

4 35 0.150 -29 0.269 -32 

5 45 0.414 -25 0.043 -40 

Average Power Density 0.188 

 

0.531 

 Average Power Density of GSM900 & GSM1800 for < 

50m = 0.359 

  More than 50m 

6 70 5.49 -14 3.59 -21 

7 80 1.79 -18 1.85 -24 

8 90 0.929 -21 0.076 -38 

9 95 1.11 -20 7.46 -18 

10 100 1.24 -20 0.364 -31 

            

Average Power Density 2.112 

 

2.668 

 Average Power Density of GSM900 & GSM1800 for > 

50m = 2.390 

  Net Average Density (a) = 1.150 

 

(b) = 1.599 

 Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 1.374 

 

Table 4.4: Power density measurement at Champhai Vengsang Tower 3. 
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4.1.5.Champhai Vengthlang : 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.166 -29 0.266 -33 

2 15 0.43 -24 0.136 -35 

3 30 0.354 -25 1.69 -24 

4 40 0.42 -25 0.527 -30 

5 45 1.19 -20 10.41 -16 

Average Power Density 0.512   2.605   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 1.558     

More than 50m 

6 60 0.784 -22 1.63 -24 

7 65 0.169 -28 0.295 -32 

8 70 0.163 -25 0.432 -30 

9 90 1.79 -18 0.098 -37 

10 100 7.15 -12 0.091 -37 

            

Average Power Density 2.011   0.509   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 1.26     

Net Average Density  (a) = 1.261   (b) = 1.557   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 1.409 

 

Table 4.5: Power density measurement at Champhai Vengthlang. 



CHAPTER 4             EXPERIMENTAL MEASUREMENT OF POWER 

DENSITY AND FREQUENCY SPECTRUM 

 

54 
 

4.1.6.Kawlkulh : 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 15 0.82 -22 0.722 -28 

2 20 0.509 -24 0.383 -31 

3 30 0.15 -29 10.01 -17 

4 35 0.087 -32 0.235 -33 

5 40 0.131 -30 0.01 -47 

Average Power Density 0.36   1.91   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 1.135     

More than 50m 

6 55 0.183 -28 0.853 -28 

7 65 0.088 -32 0.038 -41 

8 70 0.014 -40 0.014 -45 

9 90 0.003 -46 0.02 -43 

10 95 0.001 -50 0.021 -43 

            

Average Power Density 0.078   0.29   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.184     

Net Average Density  (a) = 0.218   (b) = 1.14   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.679 

 

Table 4.6: Power density measurement at Kawlkulh. 
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4.1.7.Khawzawl : 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 15 0.066 -33 0.038 -41 

2 20 0.127 -30 0.457 -30 

3 30 0.339 -26 0.086 -38 

4 40 0.147 -29 0.153 -35 

5 45 0.047 -34 0.039 -91 

Average Power Density 0.131   0.135   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 0.133     

More than 50m 

6 55 0.167 -29 0.182 -34 

7 60 0.03 -36 0.032 -41 

8 70 0.1 -31 0.113 -36 

9 80 0.124 -30 0.122 -36 

10 100 0.014 -39 0.013 -46 

            

Average Power Density 0.1   0.068   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.084     

Net Average Density  (a) = 0.114   (b) = 0.08   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.097 

 

Table 4.7: Power density measurement at Khawzawl. 
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4.2. Mobile tower Photographs of some selected locations: 

Photographs of some selected towers within Champhai District were given in the 

following figures. 

 

Fig. 4.2.1:    Location of Champhai Vengsang Tower 1, 2 and 3. 
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Fig. 4.2.2: Location of mobile tower at Champhai Vengthlang. 

 

Fig. 4.2.3: Location of tower at Khawzawl. 
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Fig. 4.2.4: Location of tower at Kawlkulh. 

 

 

4.3 Result and discussion on the measurements: 

It has been observed that average power densities of all the localities were very 

low (within safe limit) compared to the recommendations of ICNIRP (1998) and that of 

the current Indian Standard (2012). However, in two localities –Champhai Vengsang 

(Tower 1) and Champhai Vengthlang (Tower 4), the average power densities were higher 

than that of the recommendation of Salzburg resolution 2000 (1 mW/m²), and in 

Kawlkulh, the average power density was higher than the recommendation given by 

Bioinitiative 2012 (0.5 mW/m²). 

In Champhai District, the highest power density was observed in Champhai 

Vengthlang locality (10.41 mW/m²) in Champhai town. The lowest value was observed 

in Kawlkulh village (0.001 mW/m²). 
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Sl.No Locality 
Average Power Density 

(mW/m2) 

1 Champhai vengsang1 0.384 

2 Champhai vengsang2 0.163 

3 Champhai Vengsang3 1.374 

4 Champhai Vengthalang 1.409 

5 Kawlkulh 0.679 

6 Khawzawl 0.007 

7 Champhai Kanaan 0.042 

 

 

Table 4.8: Average power density of each locality in Champhai District. 

 

Fig 4.3.1 Graph showing variation of Power Density with different localities. 
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Sl.No Locality 

Average Power Density 
(mW/m2) 

<50m 

Average Power density 
(mW/m2) 

>50m 

1 Champhai vengsang1 0.44 0.328 

2 Champhai vengsang2 0.218 0.107 

3 Champhai vengsang3 0.359 2.39 

4 Champhai vengthlang 1.558 1.26 

5 Kawlkulh 1.138 0.184 

6 Khawzawl 0.133 0.084 

 

Table 4.9 : Average power density of each locality within and outside 50m in Champhai 

dstrict.  

 

 

 

Fig 4.3.2 Graph showing variation of Power density within and outside 50m in each 

locality. 
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Dist.(m) Tower1 Tower2 Tower3 Tower4 Tower5 Tower6 

Mean 

(mW/m2) 

10 0.424 0.236 0.1 0.166 0.82 0.066 0.302 

20 0.182 0.395 0.165 0.43 0.509 0.127 0.301333333 

30 0.172 0.42 0.112 0.354 0.15 0.339 0.257833333 

40 0.159 0.099 0.15 0.42 0.087 0.147 0.177 

50 0.662 0.024 0.414 1.19 0.131 0.047 0.411333333 

60 0.304 0.044 5.49 0.784 0.183 0.167 1.162 

70 0.639 0.229 1.79 0.169 0.088 0.03 0.490833333 

80 0.072 0.289 0.929 0.163 0.014 0.1 0.261166667 

90 0.097 0.245 1.11 1.79 0.003 0.124 0.5615 

100 0.245 0.071 1.24 7.15 0.001 0.014 1.4535 

        

Table 4.10: Mean power density within and beyond 50m for different towers in 

Champhai town. 

 

Fig .4.3.3: Graph showing variation of power density with distance in different towers in 

Champhai town. 
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Distance(m) 

Mean 

(mW/m2) 

10 0.302 

20 0.301333333 

30 0.257833333 

40 0.177 

50 0.411333333 

60 1.162 

70 0.490833333 

80 0.261166667 

90 0.5615 

100 1.4535 

Table 4.11 : Mean power Density within and beyond 50m for different towers. 

 

Fig .4.3.4: Graph showing variation of mean power density with distance in Champhai 

town. 
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Power density measurements were taken at different towers located at different 

localities where the inhabitants are close to the base stations in Champhai town. The 

mean power density was plotted against distance as in Fig. 4.3.4. It has been observed 

that power densities were not necessarily higher close to the base stations. This may be 

due to the topography of Champhai as it is a hilly region and there were obstructions like 

buildings, walls, etc. Also, the site of measurement at 60m may be directly facing the 

primary lobe along the line of antenna of the tower. Therefore,it has been observed that 

power density does not necessarily  decrease with distance in a hilly region as compared 

to plain areas where it decreases with distance Therefore, we can conclude that distance 

alone seems to be insignificant on regarding health complaints. Hence, it is the power 

density which determines the health complaints. 

Locality 

No. of 

measure 

ments 
Average Power 

Density (mW/m
2
) 

wrt 

Champhai 

Kanaan 

GSM900 

%wrt 

ICNRIP 

GSM90

0 

%wrt 

Indian 

Standar

d 

GSM90

0 

%wrt 

Bioiniti

ative 

2012 

GSM90

0 

%wrt 

Salzburg 

Resolutio

n 

GSM900 GSM90

0 

GSM18

00 

Champhai Kanaan 10 0.0088 0.092 1 0.00018 0.0019 1.76 0.88 

Champhai Vengsang 

1 10 0.298 0.582 33.86 0.0063 0.0662 59.6 29.8 

Champhai Vengsang 

2 10 0.204 0.122 23.18 0.0043 0.045 40.8 20.4 

Champhai Vengsang 

3 10 1.15 1.599 130.68 0.0244 0.255 230 115 

Champhai 

Vengthlang 10 1.261 1.557 143.29 0.0268 0.2802 252.2 126.1 

Kawlkulh 10 0.218 1.14 24.77 0.0046 0.0484 43.6 21.8 

Khawzawl 10 0.114 0.08 12.95 0.003 0.032 28.8 11.4 

 

Table 4.12 : Summary of power density measurements from all the localities and 

villages in Champhai District. 
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Sl.no Locality 

No.of  

measure  

ments 

Average power density of 

GSM900 and GSM1800 

(mW/m
2
) 

Net Average 

power 

density of the 

locality(mW/m
2
)  

Less than 

50 m 

More than  

50 m 

1 Champhai Kanaan 10 0.05 0.03 0.042 

2 Champhai Vengsang1 10 0.44 0.328 0.383 

3 Champhai Vengsang2 10 0.218 0.107 0.163 

4 Champhai Vengsang3 10 0.359 2.39 1.374 

5 Champhai Vengthlang 10 1.558 1.26 1.409 

6 Kawlkulh 10 1.135 0.184 0.679 

7 Khawzawl 10 0.133 0.084 0.097 

 

Table 4.13: Comparison of power density measurements between less than and more 

than 50 m from the mobile tower from all the localities and villages. 

Power densities were measured within and outside 50 m from the tower in each 

locality/village. The net average values of GSM 900 and GSM 1800 were calculated for 

each locality within and outside 50 m.  When the two measurements (i.e. within and 

outside 50 m from the tower) were compared for each locality, it was found that there 

was no appreciable difference based solely on distance. Out of the seven localities, 

power density was found to be higher outside 50m than within 50m in Champhai 

Vengsang3, whereas in other six localities power density was found to be higher within 

50m than outside 50 m. There were many factors on which power density depend other 

than the distance alone. It largely depends on obstructions from any objects like walls, 

buildings etc. Power density is largely affected by direct exposure from the mobile 

tower. The site of measurement may be much farther than the others, it can still be 

possible to obtain higher power density if the site is directly exposed from the tower. 

Due to these factors discussed above, power densities were not necessarily found higher 

within 50 m. Comparison of power density within and outside 50 m from the tower in 

each locality in given in Figure 4.3.1 
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           In Kawlkulh and Khawzawl towns, there were few towers as the 

population were thin. Power density measurements were done from one tower each 

where the inhabitants are residing close to the base station, the remaining towers were 

located 500m away and as such measurements were not possible. 

 

4.4 Power density measurements in different localities in Lunglei District: 

       Measurement of power density was first carried out in Zohnuai locality in Lunglei 

District, where there is no mobile tower. As there is no mobile tower in this locality, the 

measured power density was very low compared to the safety limit recommended by any 

organization and to that of the other localities under study. Due to this reason, 

measurements and responses from inhabitants of Zohnuai were used as the Control 

group. Details of the measurements at all the study sites were given in the following 

tables. 

1.Zohnuai :       

Sl. 

No. 

Distance 

from tower 

(in m)  

GSM 900 GSM 1800 

Power 

density 

(mW/m
2
) 

Power 

(dBm) 

Power 

density 

(mW/m
2
) 

Power 

(dBm) 

1. Site - 1 0.019 -38 0.030 

 

-42 

2. Site – 2 0.004 -45 0.039 -41 

3. Site – 3 0.009 -41 0.073 -38 

4. Site – 4 0.008 -42 0.442 -30 

5. Site – 5 0.007 -42 0.040 -41 

6. Site – 6 0.034 -36 0.555 -29 

7. Site – 7 0.004 -45 0.027 -42 

8. Site – 8 0.031 -36 0.061 -39 

9. Site – 9 0.003 -42 0.019 -44 

10. Site – 10 0.023 -37 0.209 -34 

Average power 

density 

0.015  mW/m
2
  0.150  mW/m

2
   

Total Average power density for GSM 900 & GSM 

1800 

0.083 mW/m
2
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Table 4.14: Power density measurement at Zohnuai locality. 

There was no mobile tower in Zohnuai, the nearest tower is located more than 

300 m away. All the measurements were done outside 300 m. The measured power 

densities were much lower than the recommendation given by any scientific body; as 

such the inhabitants were supposed to be not-exposed to the RF radiation. The 

questionnaires they responded were taken as reference for comparing with that other 

localities. 

2.Zotlang 

Sl.No 

Distance 

from  

tower (m) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Power 

Density  

(mW/m
2
) Power (dBm) 

Less than 50m 

1 10 0.168 -29 0.371 -31 

2 20 0.307 -26 0.427 -30 

3 30 0.536 -24 5.45 -19 

4 40 0.187 -28 7.25 -18 

5 50 0.416 -25 0.998 -27 

Average Power 

Density 0.323   2.899   

Average Power Density of GSM900 & 

GSM1800 for < 50m = 1.611     

More than 50m 

6 55 0.52 -24 1.28 -26 

7 60 0.223 -28 0.541 -29 

8 65 0.147 -29 0.651 -28 

9 70 0.056 -34 0.154 -35 

10 75 0.036 -35 1.01 -27 

Average Power 0.196   0.457   
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Density 

Average Power Density of GSM900 & 

GSM1800 for > 50m = 0.462     

Net Average 

Density  (a) = 0.259   (b) = 1.813   

Total Average power density of GSM900 & 

GSM1800 = [(a)+(b)]/2 1.036 

 

Table 4.15: Power density measurements at Zotlang. 

 

 

3.Bazar Veng 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.114 -30 0.692 -28 

2 20 0.2 -28 0.115 -36 

3 30 0.104 -31 0.778 -29 

4 40 0.157 -29 0.081 -38 

5 50 0.255 -27 0.031 -42 

Average Power Density 0.166   0.339   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 0.253     

More than 50m 

6 60 0.149 -29 0.041 -26 
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7 65 0.95 -21 0.027 -29 

8 70 0.114 -30 0.079 -28 

9 75 0.073 -32 0.054 -35 

10 80 0.045 -34 0.025 -27 

            

Average Power Density 0.266   0.045   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.156     

Net Average Density  (a) = 0.196   (b) = 0.192   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.194 

 

Table 4.16: Power density measurements at Bazar Veng. 

 

4.Ramzotlang  

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.141 -29 0.355 -31 

2 20 0.267 -27 0.304 -32 

3 30 0.69 -23 2.17 -23 

4 40 1.08 -21 6.11 -19 

5 50 0.895 -22 11.75 -16 

Average Power Density 0.615   4.138   

Average Power Density of GSM900 & GSM1800 for < 50m =     
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2.377 

More than 50m 

6 60 1.22 -20 15.48 -15 

7 65 0.862 -22 7.44 -18 

8 70 0.51 -24 3.09 -22 

9 75 1.61 -19 7.85 -17 

10 80 0.889 -21 10.92 -16 

            

Average Power Density 1.018   8.956   

Average Power Density of GSM900 & GSM1800 for > 50m = 

4.987     

Net Average Density  (a) = 0.817   (b) = 6.547   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 3.682 

 

Table 4.17: Power density measurements at Ramzotlang. 

 

5.Lunglawn 

Sl.No 

Distance from  

tower (m) 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.423 -25 0.212 -33 

2 20 0.194 -28 1.75 -24 

3 30 0.785 -22 0.508 -30 

4 40 0.38 -26 0.103 -36 

5 50 0.825 -22 0.862 -27 
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Average Power Density 0.521   0.687   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 0.604     

More than 50m 

6 60 0.326 -26 0.129 -36 

7 65 0.721 -22 0.105 -37 

8 70 0.142 -29 0.124 -36 

9 75 0.217 -28 0.218 -33 

10 80 0.444 -25 0.344 -31 

            

Average Power Density 0.37   0.184   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.277     

Net Average Density  (a) = 0.446   (b) = 0.436   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.441 

 

Table 4.18: Power density measurements at Lunglawn. 

 

 

6.Lunglei Venglai  

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.365 -25 2.35 -33 
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2 20 0.448 -24 28.93 -24 

3 30 0.339 -26 15.81 -30 

4 40 0.375 -25 106.98 -36 

5 50 0.289 -27 24.33 -27 

Average Power Density 0.363   35.68   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 18.022     

More than 50m 

6 60 0.482 -24 1.11 -36 

7 65 0.745 -22 3.3 -37 

8 70 0.658 -23 11.57 -36 

9 75 0.699 -23 6.18 -33 

10 80 0.244 -27 0.774 -31 

            

Average Power Density 0.566   4.587   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 2.577     

Net Average Density  (a) = 0.465   (b) = 20.134   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 10.300 

 

Table 4.19: Power density measurements at Venglai. 

 

7.Pukpui 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  Power (dBm) 

Power 

Density  

Power 

(dBm) 
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(mW/m
2
) (mW/m

2
) 

Less than 50m 

1 10 0.102 -31 0.124 -36 

2 20 0.19 -28 0.015 -45 

3 30 0.158 -29 0.007 -48 

4 40 0.426 -25 0.002 -55 

5 50 0.115 -30 0.004 -51 

Average Power Density 0.198   0.03   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 0.114     

More than 50m 

6 60 0.158 -29 0.003 -36 

7 65 0.43 -25 0.004 -37 

8 70 0.521 -24 0.007 -36 

9 75 0.366 -26 0.006 -33 

10 80 0.433 -25 0.003 -31 

            

Average Power Density 0.382   0.005   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 0.194     

Net Average Density  (a) = 0.29   (b) = 0.018   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 0.154 

 

Table 4.20: Power density measurements at Pukpui. 

 

8.Serkawn 
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          There are two towers in Serkawn Venglai locality owned by Airtel and BSNL 

respectively, measurements were performed separately for the two towers. 

  

Sl.No 

  

Distance from  

tower (m) 

GSM900 GSM1800 

Power 

Density  

(mW/m
2
) Power (dBm) 

Power 

Density  

(mW/m
2
) 

Power 

(dBm) 

Less than 50m 

1 10 0.141 -30 0.247 -33 

2 20 0.545 -24 0.433 -30 

3 30 3.55 -15 1.83 -24 

4 40 0.611 -23 1.39 -25 

5 50 1.26 -20 1.02 -27 

Average Power Density 1.221   0.984   

Average Power Density of GSM900 & GSM1800 for < 50m 

= 1.103     

More than 50m 

6 60 4.05 -15 0.11 -36 

7 65 7.69 -12 0.399 -31 

8 70 6.1 -13 0.214 -33 

9 75 1.59 -19 0.372 -31 

10 80 2.47 -17 3.82 -21 

            

Average Power Density 4.38   0.983   

Average Power Density of GSM900 & GSM1800 for > 50m 

= 2.682     

Net Average Density  (a) = 2.801   (b) = 0.984   

Total Average power density of GSM900 & GSM1800 = 

[(a)+(b)]/2 1.893 

 

Table 4.21: Power density measurements at Serkawn. 
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4.5 Frequency spectrum of selected localities 

Frequency spectrum of some of the selected locations in Champhai were given in the 

following figures. 

4.5.1 Frequency spectrum at Champhai Kanaan. 

 

Fig. 4.5.1(a): Frequency spectrum of of  GSM 900 at Champhai Kanaan 

 

Fig. 4.5.1(b): Frequency spectrum of GSM 1800 at Champhai Kanaan 
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4.5.2 Frequency spectrum at Champhai Vengsang. 

    

 

Fig. 4.5.2(a): Frequency spectrum of GSM 900 at Champhai Vengsang. 

 

Fig. 4.5.2(b): Frequency spectrum of of GSM 1800 at Champhai Vengsang. 
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4.5.3 Frequency spectrum at Champhai Vengthlang. 

 

Fig. 4.5.3 (a) : Frequency spectrum of of  GSM 900 at Champhai Vengthlang. 
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Fig. 4.5.3 (b) : Frequency spectrum of GSM 1800 at  Champhai Vengthlang . 

 

 

 

 

                                                                     

 

4.5.4 Frequency spectrum at Zotlang.  

 

Fig. 4.5.4 (a) : Frequency spectrum of GSM 900 at Zotlang 
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Fig. 4.5.4 (b) : Frequency spectrum of  GSM 1800 at Zotlang. 

 

 

 

 

 

4.5.5. Frequency spectrum at Lunglei Venglai 
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Fig. 4.5.5(a) : Frequency spectrum of GSM 900 at Lunglei Venglai. 

 

Fig. 4.5.5 (b) : Frequency spectrum of GSM 1800 at  Lunglei Venglai 
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4.5.6. Frequency spectrum at Ramzotlang. 

 

 

Fig. 4.5.6(a) : Frequency spectrum of GSM 900 at Ramzotlang   

 

 

Fig. 4.5.6 (b) : Frequency spectrum of   GSM 1800 at  Ramzotlang. 
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4.5.7. Frequency spectrum at Lunglawn. 

 

Fig. 4.5.7(a) : Frequency spectrum of of  GSM 900 at Lunglawn. 

 

Fig. 4.5.7 (b) : Frequency spectrum of   GSM 1800 at  Lunglawn. 
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4.6.Mobile tower Photographs of some selected locations : 

Photographs of some selected towers in Lunglei District were given in the following 

figures. 

 

Fig. 4.6.1: Tower at Lunglei Bazar Veng (BSNL). 
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Fig. 4.6.2: Tower at   Lunglei Venglai. 

 

Fig.4.6.3: Tower at Lunglawn. 
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Fig.4.6.4: Tower at Zotlang. 

4.7 Result and discussion on the measurements: 

From the power density measurements conducted in Lunglei city, it has been 

observed that average power densities of all the localities were very low (within safe 

limit) compared to the recommendations of ICNIRP(1998) and that of the current Indian 

Standard (2012).However, in four localities –Zotlang, Ramzotlang and  two towers in 

Lunglei Venglai, the average power densities were higher than that of the 

recommendation of Salzburg resolution 2000 (1mW/m²), the recommendation given by 

Bioinitiative 2012 (0.5mW/m²). 

In Lunglei District, the highest power density was observed in Lunglei Venglai 

(10.300mW/m
2
) in Lunglei city. The lowest value was observed in Zohnuai (0.083 

mW/m
2
).
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Sl.No Locality 
Average Power Density 

(mW/m2) 

1 Zotlang  1.036 

2 Bazar Veng 0.194 

3 Ramzotlang 3.682 

4 Lunglawn 0.441 

5 Venglai 10.3 

6 Pukpui 0.154 

7 Zohnuai 0.083 

8 Venglai(BSNL) 1.893 

 

Table 4.22:  The average power density of each locality in Lunglei District. 

 

 

 

Fig 4.7.1: Graph showing variation of Power density with different localities in Lunglei 

District. 
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Sl.No Locality 

Average Power 
Density(mW/m2) 

<50m 

Average Power Density 
(mW/m2) 

>50m 

1 Zotlang  0.259 1.813 

2 Bazar Veng 0.216 0.192 

3 Ramzotlang 0.956 6.547 

4 Lunglawn 0.445 0.435 

5 Venglai 0.464 10.133 

6 Pukpui 0.29 0.0175 

7 Zohnuai 0.015 0.15 

8 Venglai(BSNL) 2.8 0.983 

 

Table 4.23: Average power density of each locality within and outside 50m in Lunglei 

District. 

 

Fig.4.7.2: Graphs showing variation of power density within and outside 50m in 

each locality in Lunglei District 
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  Power Density im mW/m
2
 

Distance Tower1 Tower2 Tower3 Tower4 Tower5 Tower6 Mean 

10 0.423 0.365 0.141 0.168 0.114 0.141 0.193143 

20 0.194 0.448 0.545 0.307 0.2 0.267 0.280143 

30 0.785 0.339 3.55 0.536 0.104 0.69 0.857714 

40 0.38 0.375 0.611 0.187 0.157 1.08 0.398571 

50 0.825 0.289 1.26 0.417 0.255 0.895 0.563 

60 0.326 0.482 4.05 0.223 0.149 1.22 0.921429 

65 0.721 0.745 7.69 0.147 0.95 0.862 1.587857 

70 0.142 0.658 6.1 0.056 0.114 0.51 1.082857 

75 0.217 0.699 1.59 0.036 0.073 1.61 0.603571 

80 0.444 0.244 2.47 0.52 0.045 0.889 0.658857 

300 0.019 0.004 0.009 0.008 0.007 0.034 0.011571 

 

Table 4.24: Power density within and beyond 50m for different towers in Lunglei 

District. 

 

 

 

Fig. 4.7.3: Graph showing variation of power density with distance in different 

towers in Lunglei District. 

 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 20 40 60 80 100 

P
o

w
e

r 
D

e
n

si
ty

 in
 m

W
/m

2
 

Distance 

Power density vs Distance 

tower1 

tower2 

tower3 

tower4 

tower5 

tower6 

Mean 



CHAPTER 4             EXPERIMENTAL MEASUREMENT OF POWER 

DENSITY AND FREQUENCY SPECTRUM 

 

88 
 

Distance 

(m) 

Mean Power Density 

(mW/m
2
) 

10 0.193142857 

20 0.280142857 

30 0.857714286 

40 0.398571429 

50 0.563 

60 0.921428571 

65 1.587857143 

70 1.082857143 

75 0.603571429 

80 0.658857143 

Table 4.25: Mean Power density within and outside 50m in Lunglei District. 
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Fig.4.7.4: Graph showing variation of Mean Power density with distance in Lunglei 

District. 

Power density measurements were taken at different towers located at different 

localities in Lunglei District, where the inhabitants are close to the base stations. The 

mean power density was plotted against distance as in Fig.4.7.4. It has been observed 

that power densities were not necessarily higher close to the base stations. The power 

density increases rapidly from 20m and peak occurs at 30m and 70m and then rapidly 

falls down as in fig 4.7.4 This may be due to the topography of Lunglei as it is a hilly 

region and there were obstructions like buildings, walls, etc. Also,the site of 

measurement at 30m and 70m may be directly facing the primary lobe along the line of 

antenna of the tower. Therefore,it has been observed that power density does not 

necessarily  decrease with distance in a hilly region as compared to plain areas where it 

decreases with distance. Therefore, we can conclude that distance alone seems to be 

insignificant on regarding health complaints. Rather, it is the power density which 

determines the health complaints. 

 

 

Locality 

No.o

f 

meas

ure 

ment

s 

Average 

Power 

Density 

(mW/m
2
) 

wrt 

Zohnuai 

GSM900 

%wrt 

ICNRIP 

GSM900 

%wrt 

Indian 

Standard 

GSM900 

%wrt 

Bioinitiative 

2012 

GSM900 

%wrt 

Salzburg 

Resolution 

GSM900 GSM

900 

GSM

1800 

Zohnuai 10 0.015 0.15 1 0.0003 0.0033 3 1.5 

Zotlang 10 0.259 1.813 17.26 0.0055 0.0575 51.8 25.9 

Bazar 

Veng 10 0.196 0.192 13.06 0.0041 0.0435 39.2 19.6 

Ramzotlan

g 10 0.817 6.547 54.466 0.0173 0.1815 163.4 81.7 

Lunglawn 10 0.446 0.436 29.73 0.0094 0.0991 89.2 44.6 

Venglai 10 0.465 20.13 31 0.0098 0.1033 93 46.5 
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4 

Pukpui 10 0.29 0.018 19.33 0.0061 0.064 58 29 

Venglai 

(BSNL) 10 2.801 0.984 186.73 0.0595 0.6224 560.2 280.1 

 

Table 4.26: Summary of power density measurements from all the localities and villages in 

Lunglei District. 

 

Sl.no Locality 

No. of  

measure  

ments 

Average power density of 

GSM900 and GSM1800 

(mW/m
2
) 

Net Average 

power 

density of the 

locality(mW/m
2
)  Less than 

50m 

More than 

50m 

1 Zohnuai 10 0.0825 0.0825 0.083 

2 Bazar Veng 10 0.253 0.156 0.194 

3 Zotlang 10 1.611 0.462 1.036 

4 Ramzotlang 10 2.377 4.987 3.682 

5 Lunglawn 10 0.604 0.277 0.441 

6 Venglai 10 18.022 2.577 10.3 

7 Pukpui 10 0.114 0.194 0.154 

8 

Venglai 

(BSNL) 10 1.103 2.682 1.893 

 

Table 4.27: Comparison of power density measurements between less than and more than 50 m 

from the mobile tower from all the localities and villages in Lunglei District. 

       Power densities were measured within and outside 50 m from the tower in each 

locality/village. The net average values of GSM 900 and GSM 1800 were calculated for 

each locality within and outside 50 m.  When the two measurements (i.e. within and 

outside 50 m from the tower) were compared for each locality, it was found that there 

was no appreciable difference based solely on distance. Out of the eight localities where 

the study was carried out, power density was found to be higher within 50m than outside 

50m in four localities- Bazar Veng, Zotlang, Lunglawn and Venglai whereas in three 
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localities – Ramzotlang, Pukpui and Venglai (BSNL), power density was found to be 

higher outside 50m than within 50m. 

 There were many factors on which power density depend other than distance 

alone. It largely depends on obstructions from any objects like walls, buildings etc. 

Power density is largely affected by direct exposure from the mobile tower. The site of 

measurement may be much farther than the others, it can still be possible to obtain 

higher power density if the site is directly exposed from the tower. Due to these factors 

discussed above, power densities were not necessarily found higher within 50 m. 

Comparison of power density within and outside 50 m from the tower in each locality in 

given in Figure 4.3.1 

In Champhai town, there were four towers lying close to each other on top of a 

hill in one of the localities where the study was carried out. Therefore, it was practically 

impossible to measure power density from a single tower. The power density measured 

at this site did not come from a single source, the site received many RF radiations from 

other towers locating outside the selected site of study. This could be the reason why 

power densities were relatively higher in this Champhai town than Khawzawl and 

Kawlkulh. In fact, the interest was in the accumulated power density from all directions 

at the site of measurement. 

 There were large variations in power densities in the studied localities. 

When average power densities were calculated for – Champhai town, villages outside 

Champhai town within Champhai District, and Lunglei District, it was observed that 

power density was highest in Lunglei city. 

 

 

Sl.no District 
Mean 

(mW/m
2
) 

Highest 

(mW/m
2
) 

Lowest 

(mW/m
2
) 

1 Champhai town 0.832 10.41 0.022 

2 Villages outside Champhai town 0.343 10.01 0.001 
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3 Champhai District 0.587 10.41 0.001 

4 Lunglei District 2.22 28.93 0.002 

  Overall 0.9955     

 

Table  4.28 : Mean, maximum and minimum power density of the two districts. 

 

Power densities were found to be higher in Champhai town than outside 

Champhai town since there were more number of towers. Correspondingly, there were 

more significant health complaints in Champhai town than other villages within 

Champhai District. Lunglei city which is more populated and with more number of 

towers have higher power densities than Champhai town. Again, it was found that there 

were more number of significant health complaints in Lunglei District compared to 

Champhai District. 
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CHAPTER 5 

ANALYSIS OF RESULTS AND DISCUSSION 

 

5.1 Champhai District 

 

Questionnaire surveys on health complaints on 13 non specific health 

symptoms were conducted on each of the localities in Champhai District. The 

questionnaire was similar to the same used by Santini et al. (2002). Questionnaire 

was surveyed first in Champhai Kanaan locality, 26 female and 24 males, a total of 

50 adult persons participated in the survey. Accordingly, in all other localities, 50 

persons were selected for the survey with 26 females and 24 males selected 

randomly. The questionnaire responses were classified into four (4) different levels: 

0 = never, 1 = sometimes, 2 = often, 3 = very often. The responses of questionnaire 

were analysed by using independent t-test in SPSS version 16.0. Being positive 

responses, scales 2 and 3 are considered for the statistical analyses. The details of 

questionnaire and their analyses are given in the following tables.   

 

As there was no mobile tower in Champhai Kanaan, and as it is located in the 

outskirt of Champhai city, the questionnaire from Champhai Kanaan was used as 

reference (for locality with no RF/MW exposure, i.e. control group) for all other 

localities of studies for comparison.   

 

 

5.2 Details of questionnaire responses from each locality 

1. Champhai Kanaan 

 

Measured average power density of GSM 900 and GSM 1800 = 0.0421 mW/m
2
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Sl 

no. 
Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 8 13 6 1 0 1 1 0 

2 Nausea 12 12 3 2 0 1 0 0 

3 Sleep disruption 5 7 6 5 2 3 2 0 

4 Feeling of discomfort 9 13 5 1 1 1 0 0 

5 Headache 9 9 3 5 0 1 3 0 

6 Cramp 6 6 3 2 4 7 2 0 

7 Difficulty in concentration 12 7 1 8 1 0 1 0 

8 Memory loss 3 6 2 1 6 6 4 2 

9 Skin problem 9 10 4 3 2 1 0 1 

10 Visual disruption 6 7 3 3 2 3 4 2 

11 Hearing problem 11 11 1 3 2 1 1 0 

12 Dizziness 9 11 4 3 2 1 0 0 

13 Muscle pain 8 7 0 1 5 5 2 2 

 

Table 5.2.1: Questionnaire responses from Champhai Kanaan 

2. Champhai Vengsang1 (CK = Champhai Kanaan, VS1= Champhai 

Vengsang1) 

Measured average power density of GSM 900 and GSM 1800 = 0.383 mW/m
2
  

 

Sl 

no. 
Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 9 6 4 6 1 3 1 0 

2 Nausea 6 7 9 5 0 3 0 0 

3 Sleep disruption 7 5 2 4 6 3 1 3 

4 Feeling of discomfort 9 4 4 8 2 3 0 0 

5 Headache 5 3 5 5 4 5 1 2 

6 Cramp 6 6 7 6 2 3 0 0 

7 Difficulty in concentration 11 7 1 4 2 3 0 1 

8 Memory loss 5 4 4 4 3 5 3 2 

9 Skin problem 4 5 2 4 9 4 0 1 

10 Visual disruption 10 6 1 7 3 2 0 0 

11 Hearing problem 12 9 2 3 2 2 0 1 

12 Dizziness 3 1 5 10 3 3 1 1 

13 Muscle pain 5 3 4 8 3 3 1 1 

 

Table 5.2.2: Questionnaire responses from Champhai Vengsang locality from all inhabitants, 

including male versus female responses. Note : M = Male, F = Female. 
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Sl.No. Symptoms 
Scale 2 Scale 3 

CHK VS1 CHK VS2 

1 Fatique 1 4 1 1 

2 Nausea 1 3 1 0 

3 Sleep disruption 5 9 0 4 

4 Feeling of discomfort 5 5 4 0 

5 Headache 1 9 2 3 

6 Cramp 1 5 1 0 

7 Difficulty in concentration 1 5 5 1 

8 Memory loss 3 8 1 5 

9 Skin problem 8 13 0 1 

10 Visual disruption 5 5 2 0 

11 Hearing problem 2 4 1 1 

12 Dizziness 3 6 3 2 

13 Muscle pain 6 6 1 2 

 

Table 5.2.3: Comparison of Questionnaire responses between Champhai Kanaan and 

Champhai Vengsang1 on scales 2 and 3. 

 

 

3. Champhai Vengsang2 (CK = Champhai Kanaan, VS2 = Champhai 

Vengsang2) 

 Measured average power density of GSM 900 and GSM 1800 = 0.163 mW/m
2
 

Symptoms 

0 1 2 3 

M F M F M F M F 

Fatique 11 7 3 7 0 1 0 0 

Nausea 8 8 4 7 1 0 0 0 

Sleep disruption 7 7 4 5 3 3 1 0 

Feeling of discomfort 10 9 5 4 2 2 0 0 

Headache 4 4 6 1 2 10 1 0 

Cramp 6 8 5 4 1 3 1 0 

Difficulty in concentration 10 9 3 5 1 0 0 1 

Memory loss 3 3 5 4 5 5 1 3 

Skin problem 6 7 7 3 1 3 0 2 

Visual disruption 8 6 3 4 2 4 0 1 

Hearing problem 9 10 3 4 2 1 0 0 

Dizziness 6 3 2 8 4 3 1 0 

Muscle pain 5 7 2 2 5 6 3 0 

 



Chapter 5   Analysis Of Results And Discussions 

97 
 

Table 5.2.4 : Questionnaire responses from Champhai Vengsang2 locality from all 

inhabitants, including male versus female responses. Note : M = Male, F = Female. 

  
Scale 2 Scale 3 

Sl.No. Symptoms CHK VS2 CHK VS2 

1 Fatique 1 1 1 0 

2 Nausea 1 1 1 0 

3 Sleep disruption 5 6 0 1 

4 Feeling of discomfort 5 4 4 0 

5 Headache 1 12 2 1 

6 Cramp 1 4 1 1 

7 Difficulty in concentration 1 1 5 1 

8 Memory loss 3 10 1 4 

9 Skin problem 8 4 0 2 

10 Visual disruption 5 6 2 1 

11 Hearing problem 2 3 1 0 

12 Dizziness 3 7 3 1 

13 Muscle pain 6 11 1 3 

 

Table 5.2.5: Comparison of Questionnaire responses between Champhai Kanaan and 

Champhai Vengsang2 on scales 2 and 3. 

  

4. Champhai Vengsang3(CK = Champhai Kanaan, VS3 = Champhai 

Vengsang3) 

 Measured average power density of GSM 900 and GSM 1800 = 1.374 mW/m
2
 

Symptoms 
0 1 2 3 

M F M F M F M F 

Fatique 8 13 6 1 0 1 1 0 

Nausea 12 12 3 2 0 1 0 0 

Sleep disruption 5 7 6 5 2 3 2 0 

Feeling of discomfort 9 13 5 1 1 1 0 0 

Headache 9 9 3 5 0 1 3 0 

Cramp 6 6 3 2 4 7 2 0 

Difficulty in concentration 12 7 1 8 1 0 1 0 

Memory loss 3 6 2 1 6 6 4 2 

Skin problem 9 10 4 3 2 1 0 1 

Visual disruption 6 7 3 3 2 3 4 2 

Hearing problem 11 11 1 3 2 1 1 0 

Dizziness 9 11 4 3 2 1 0 0 
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Muscle pain 8 7 0 1 5 5 2 2 

Table 5.2.6: Questionnaire responses from Chaamphai vengsang3 locality from all 

inhabitants, including male versus female responses. Note : M = Male, F = Female. 

 

Sl.No. Symptoms 
Scale2 Scale3 

CHK VS3 CHK VS3 

1 Fatique 1 1 1 1 

2 Nausea 1 1 1 0 

3 Sleep disruption 5 5 0 2 

4 Feeling of discomfort 5 2 4 0 

5 Headache 1 1 2 3 

6 Cramp 1 11 1 2 

7 Difficulty in concentration 1 1 5 1 

8 Memory loss 3 12 1 6 

9 Skin problem 8 3 0 1 

10 Visual disruption 5 5 2 6 

11 Hearing problem 2 3 1 1 

12 Dizziness 3 3 3 0 

13 Muscle pain 6 10 1 4 

 

Table 5.2.7: Comparison of Questionnaire responses between Champhai Kanaan  and 

Champhai Vengsang3 on scales 2 and 3. 

5. Champhai Vengthlang(CK = Champhai Kanaan, VTH = Champhai 

Vengthlang) 

 Measured average power density of GSM 900 and GSM 1800 = 1.409 mW/m
2
 

Symptoms 
0 1 2 3 

M F M F M F M F 

Fatique 9 7 6 6 0 3 2 2 

Nausea 12 8 4 9 2 3 0 0 

Sleep disruption 7 8 5 5 3 4 1 2 

Feeling of discomfort 10 9 6 5 1 1 0 3 

Headache 7 1 7 12 3 5 0 2 

Cramp 6 5 8 8 2 5 1 2 

Difficulty in concentration 6 6 8 4 2 6 1 3 

Memory loss 6 5 4 3 5 4 2 8 

Skin problem 11 12 4 2 1 2 1 4 

Visual disruption 11 9 4 6 1 2 1 3 

Hearing problem 14 12 2 7 0 0 1 1 
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Dizziness 4 4 10 9 3 5 0 2 

Muscle pain 8 13 4 4 3 1 2 2 

 

Table 5.2.8 : Questionnaire responses from Chaamphai Vengthlang locality from all 

inhabitants, including male versus female responses. Note : M = Male, F = Female. 

Sl.No. Symptoms 
Scale2 Scale3 

CHK VTH CHK VTH 

1 Fatique 1 3 1 4 

2 Nausea 1 5 1 0 

3 Sleep disruption 5 7 0 3 

4 Feeling of discomfort 5 2 4 3 

5 Headache 1 8 2 2 

6 Cramp 1 7 1 3 

7 Difficulty in concentration 1 8 5 4 

8 Memory loss 3 9 1 10 

9 Skin problem 8 3 0 5 

10 Visual disruption 5 3 2 4 

11 Hearing problem 2 0 1 2 

12 Dizziness 3 8 3 2 

13 Muscle pain 6 4 1 4 

 

Table 5.2.9: Comparison of Questionnaire responses between Champhai Kanaan  and 

Champhai Vengthlang on scales 2 and 3. 

 

6. Kawlkulh (CK = Champhai Kanaan, KK = Kawlkulh) 

   Measured average power density of GSM 900 and GSM 1800 = 0.679 mW/m
2
 

Symptoms 
0 1 2 3 

M F M F M F M F 

Fatique 1 1 4 2 3 3 0 0 

Nausea 1 3 1 3 4 2 1 1 

Sleep disruption 1 1 4 3 2 3 2 1 

Feeling of discomfort 0 0 4 3 2 0 1 1 

Headache 0 0 2 1 2 0 4 3 

Cramp 1 0 2 2 3 1 2 2 

Difficulty in concentration 0 0 5 4 1 0 1 1 

Memory loss 1 2 1 2 2 0 4 1 

Skin problem 1 1 1 4 2 1 4 0 

Visual disruption 2 1 1 1 2 2 3 2 
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Hearing problem 1 0 3 5 3 0 1 0 

Dizziness 1 1 4 1 2 1 1 2 

Muscle pain 0 1 0 2 0 1 7 2 

 

Table 5.2.10 : Questionnaire responses from Kawlkulh village from all inhabitants, 

including male versus female responses. Note : M = Male, F = Female. 

Sl.No. Symptoms 
Scale2 Scale3 

CHK KK CHK KK 

1 Fatique 1 6 1 0 

2 Nausea 1 6 1 2 

3 Sleep disruption 5 5 0 3 

4 Feeling of discomfort 5 2 4 2 

5 Headache 1 2 2 7 

6 Cramp 1 4 1 4 

7 Difficulty in concentration 1 1 5 2 

8 Memory loss 3 2 1 5 

9 Skin problem 8 3 0 4 

10 Visual disruption 5 4 2 5 

11 Hearing problem 2 3 1 1 

12 Dizziness 3 3 3 3 

13 Muscle pain 6 1 1 9 

 

Table 5.2.11: Comparison of Questionnaire responses between Champhai Kanaan  and 

Kawlkulh on scales 2 and 3. 

7.Khawzawl (CK = Champhai Kanaan, KHZ =Khawzawl ) 

   Measured average power density of GSM 900 and GSM 1800 = 0.007 mW/m
2
 

Symptoms 
0 1 2 3 

M F M F M F M F 

Fatique 2 7 4 0 2 0 0 0 

Nausea 6 7 6 2 7 1 0 0 

Sleep disruption 7 8 4 3 6 4 2 2 

Feeling of discomfort 10 9 5 7 3 5 1 1 

Headache 4 5 1 6 4 6 0 0 

Cramp 7 6 5 5 8 7 2 0 

Difficulty in concentration 6 9 4 4 6 4 4 3 

Memory loss 9 4 4 3 5 4 6 4 
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Skin problem 4 5 3 7 4 3 5 2 

Visual disruption 9 7 5 1 2 2 1 1 

Hearing problem 9 10 6 4 3 5 0 1 

Dizziness 6 2 7 4 6 3 1 0 

Muscle pain 5 7 3 2 5 6 3 0 

Table 5.2.12 : Questionnaire responses from Khawzawl village from all inhabitants, 

including male versus female responses. Note : M = Male, F = Female. 

Sl.No. Symptoms CHK KHZ CHK KHZ 

1 Fatique 1 2 1 0 

2 Nausea 1 8 1 0 

3 Sleep disruption 5 10 0 4 

4 Feeling of discomfort 5 8 4 2 

5 Headache 1 10 2 0 

6 Cramp 1 15 1 2 

7 Difficulty in concentration 1 10 5 7 

8 Memory loss 3 9 1 10 

9 Skin problem 8 7 0 7 

10 Visual disruption 5 4 2 2 

11 Hearing problem 2 8 1 1 

12 Dizziness 3 9 3 1 

13 Muscle pain 6 11 1 3 

      
 

Table 5.2.13: Comparison of Questionnaire responses between Champhai Kanaan  and 

Khawzawl on scales 2 and 3. 

 

5.3 Analysis of the Questionnaires  

The questionnaires responded were statistically analysed using independent t-

sample test. The main objective of the analysis was to find out is there any 

significant health complaints by using 95% confidence interval, i.e. significance 

value (p-value) less than 0.05. Those comparisons having p value less than 0.05 only 

were considered to be significant. The analysis were done in two different ways –  

1) Based on exposure to RF radiation: Comparison of the responses from 

inhabitants of Champhai Kanaan  and each other locality / village. In this case, 

inhabitants of Champhai Kanaan were assumed to be not exposed to the RF radiation 

as power density was very low in the locality. This comparison was treated as 
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inhabitants exposed to RF radiation versus those inhabitants who were not exposed 

to the same.  

2) Based on sex: Comparison of responses between male and female in each 

locality except that of Champhai Kanaan. Male and female from each locality were 

exposed to the same RF radiation. The objective of this comparison was to find out 

who is having more health complaints between male and female. 

The following tables give the results of comparison for each of the two cases 

discussed above.  

5.3.1: Results of comparison based on exposure (*mark indicates significant 

health complaints) 
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No. 
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  Scale 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 

1 

Champhai 

Kanaan                                                     

2 

Champhai 

Vengsang1   

 

      *   * * 

 

        *                       

3 

Champhai 

Vengsang2           

 

  * *           *                   *   

4 

Champhai 

Vengsang3             * *   

 

*       

 

* *             

 

*   

5 

Champhai 

Venfthlang                 *   *   *   * * *           *   

 

  

6 Khawzawl 

 

                          * *   *             *   

7 Kawlkulh *   *             *                             * * 

 

Table 5.3.1: Statistical comparison of responses from Champhai Kanaan versus other 

localities. 
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5.3.2 : Results of comparison based on sex (* mark indicate significant health 

complaints) 
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  Scale 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 

                                                        

1 

Champhai 

Kanaan                                                     

2 

Champhai 

Vengsang1           *                     *                   

3 

Champhai 

Vengsang2                 *                                 * 

4 

Champhai 

Vengsang3                   * *                 *             

5 

Champhai 

Vengthlang                 *       *     *   *         *       

6 Khawzawl     *                                               

7 Kawlkulh                                   *               * 

 

Table 5.3.2: Statistical comparison of responses of male and female from each 

locality. 

When questionnaire responses from Champhai Kannan (who were considered not 

exposed to RF radiation)were compared with all other localities, significant health 

complaints were observed in all the six(6)  localities where average power density was 

considerably  higher. The most common complaints were Headache, Memory loss 

and Muscle pain (all significant in 4 different localities in scale 2 or 3 or both the 



Chapter 5   Analysis Of Results And Discussions 

104 
 

scales) which is the same as that found out and published by Pachuau et al. (2014). 
The second one is Skin problem and Feeling of discomfort (significant in 3 localities 

in scale 2 or 3). All the significant health complaints were in favour of other 

localities i.e. other localities  other than Champhai Kanan where power densities of 

RF radiation from mobile tower were higher than Champhai Kanan. 

When male versus female questionnaire responses from each locality were 

compared and analysed, significant health complaints were found in all the six (6) 

localities. It was also observed that females were more affected than males, i.e. all 

the significant health complaints being in favour of female. The most common 

complaint was headache  (significant in three different localities in scale 2 and 3) 

and skin problem (significant in three different localities in scale 2 and 3), the second 

one is muscle pain (significant in two different localities in scale 2).There was only 

one health complaint on nausea, sleep disruption, cramp, difficulty in concentration, 

memory loss, visual disruption and dizziness from one locality each (significant in 

scale 2 or 3) whereas there was no health complaints on fatique, feeling of 

discomfort and hearing problem. 

5.4: Summary of Power density versus Health complaints based on exposure 

Sl. 

No. 
Locality 

Average 

Power 

Density 

Mean 

value of 

average 

power 

density of 

GSM 900 

& GSM 

1800 

Health Complaints significant in  Total no. of 

significant 

health 

complaints 

(mw/m
2
) 

GSM 

900 

GSM 

1800 
Scale 2 only 

Scale 3 

only 

Both the 

Scale 

2 & 3 

1 
Champhai 

Kanaan 
0.007 0.073 0.042         

2 
Champhai 

Vengsang1 
0.249 0.319 0.383 

Headache, 

memory loss 

Sleep 

disruption, 

feeling of 

discomfort 

- 4 

3 

Champhai 

Vengsang 

II 

0.204 0.122 0.163 

Headache, 

memory loss, 

muscle pain 

Feeling of 

discomfort 
- 4 

4 

Champhai 

Vengsang 

III 

1.18 1.822 1.374 

Cramp, skin 

problem, 

muscle pain 

Memory 

loss 

Feeling 

of 

discomf

ort 

5 
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5 
Champhai 

Vengthlang 
1.281 1.887 1.409 

Headache, 

cramp, 

difficulty in 

concentration, 

memory loss, 

skin problem, 

dizziness 

Memory 

loss 

Memory 

loss 
7 

6 Khawzawl 0.114 0.06 0.377 Muscle pain 
Skin 

problem 

Memory 

loss 
3 

7 Kawlkulh 0.218 1.14 0.679 
Fatigue, 

nausea 
Headache 

Muscle 

pain 
4 

 

Table 5.4.1: Power density versus health complaints based on exposure 

In this comparison, maximum number of significant health complaints were 

observed in Champhai Vengthlang within Champhai town with seven different 

health symptoms being significant. Significant health complaints appeared only 

when the average power density was more than was 0.163 mW/m2 which was 

observed in Kawlkulh. This level is more or less comparable with the same given by 

Bio-initiative 2012 (0.5 mW/m
2
), Salzburg resolution 2000(1 mW/m

2
). 

5.5: Summary of Power density versus Health complaints based on sex (male 

versus female) 

Sl. 

No 
Locality 

Average Power 

Density(mW/m2) 

Mean value of 

average power 

density of 

GSM 900 & 

GSM 

1800(mW/m2) 

Health Complaints significant in  Total no. 

of 

significant 

health 

complaints 
GSM 

900 

GSM 

1800 
Scale 2 only 

Scale 3 

only 

Both the 

Scale 

2 & 3 

1 
Champhai 

Kanaan 
0.007 0.073 0.042 - - -   

2 
Champhai 

Vengsang I 
0.249 0.319 0.383 Skin problem 

Sleep 

disruption 
- 2 

3 

Champhai 

Vengsang 

II 

0.204 0.122 0.163 Headache 
Muscle 

pain 
- 2 

4 

Champhai 

Vengsang 

III 

1.18 1.822 1.374 Cramp 

Visual 

disruption, 

headache 

- 3 
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5 
Champhai 

Vengthlang 
1.281 1.887 1.409 

Dzziness, 

difficulty in 

concentration 

Memory 

loss, skin 

problem 

Headache 5 

6 Khawzawl 0.114 0.06 0.377 Nausea - - 1 

7 Kawlkulh 0.218 1.14 0.679 - 

Skin 

problem, 

muscle 

pain 

- 2 

 

Table 5.5.1: Power density versus health complaints based on sex. 

Again in this comparison, maximum number of significant health complaints 

were found in Champhai Vengthlang within Champhai town, with five different 

health symptoms being significant. All the significant health complaints were in 

favour of female, i.e. female can be considered more affected than male by the RF 

radiation. The same trend was observed by Santini et al. (2002) and Pachuau et al 

(2015). 

5.6 Frequency of significance of health complaints 

The tables given below summarises the number of localities where significant health 

complaints for each health symptom studied were observed. 

5.6.1: For comparison based on exposure, i.e. responses from Champhai Kanaan 

versus other localities 

 

Sl.no Symptom 
 No. of localities 

Scale 2 only Scale 3 only Both the scales 

1 Fatique 1 0 0 

2 Nausea 1 0 0 

3 Sleep disruption 1 0 0 

4 Feeling of discomfort 1 3 1 

5 Headache 3 1 0 

6 Cramp 2 0 0 

7 Difficulty in concentration 1 0 0 
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8 Memory loss 4 3 2 

9 Skin problem 2 1 0 

10 Visual disruption 0 0 1 

11 Hearing problem 0 0 0 

12 Dizziness 1 0 0 

13 Muscle pain 4 1 1 

 

Table 5.6.1: Frequency of occurrences of the symptoms studied based on exposure 

 

 

5.6.2: For comparison based on sex, i.e. responses from male and female from each 

locality 

Sl.no Symptom 

 No.of localities 

Scale 2 only Scale 3 only Both the scales 

1 Fatique 0 0 0 

2 Nausea 1 0 0 

3 Sleep disruption 0 1 0 

4 Feeling of discomfort 0 0 0 

5 Headache 2 2 1 

6 Cramp 1 0 0 

7 Difficulty in concentration 1 0 0 

8 Memory loss 0 1 0 

9 Skin problem 1 2 0 

10 Visual disruption 0 1 0 

11 Hearing problem 0 0 0 

12 Dizziness 1 0 0 

13 Muscle pain 0 2 0 

 

Table 5.6.2: Frequency of occurrences of the symptoms studied based on sex 

 

From the discussions above, it was observed that the most common 

significant health complaint were muscle pain, headache and memory loss which 
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were  significant in four (4) different localities out of the thirty seven (7) localities 

which were compared with that of Champhai Kanaan  where there was no mobile 

tower. The other common significant health complaints were skin problem and 

feeling of discomfort.  Although the measured power densities were much lower 

than the safe limit of exposure recommended by ICNIRP (4700 mW/m
2
 for GSM 

900) and the current Indian National standard (450 mW/m
2
 for GSM 900), 

significant health complaints were still observed in many health symptoms. The 

lowest average value of power density where significant health complaints appeared 

was 0.163mW/m
2
., which is almost same with the value as suggested by Bio-

initiative report - 2012 and Salzburg resolution 2000 and hence, we suggest 0.163 

mW/m
2
 to be the safe limit of exposure.  

5.7: Correlation between Power density and Significant health complaints 

 The bivariate correlation graphs between significant health complaints and 

power density is plotted in Figures 5.71 and 5.72. When responses from Champhai 

Kanaan (control group) versus all other localities (test groups) are plotted, R squared 

value of 0.925 was obtained. From comparison of male and female responses from 

each locality, R squared value of 0.758 was obtained. Both the results show strong 

positive correlation between power density and complaints on non specific health 

symptoms, i.e. more is power density more is the number of significant health 

complaints.  

 



Chapter 5   Analysis Of Results And Discussions 

109 
 

 

Fig 5.7.1: The correlation graph showing Number of significant health complaints versus 

average power density from each locality.The graph is plotted from the comparison of 

responses from Champhai Kanan and that of other localities. 
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Figure 5.7.2 : The correlation graph showing number of significant health 

complaints versus average power density from each locality.The graph is plotted 

from comparison of responses from male and female in each locality. 

   

As described earlier, when male and female responses were compared and 

statistically analysed using independent t-sample test, it was observed that female 

were having more complaints than male. The correlation graph (Figure 5.7.2) shows  

the fact that, female are having more significant health complaints than male is 

strongly positively correlated (R squared value = 0.758). The same trend was also 

observed by Santini et al. (2002), Pachuau et al (2015) when the same kind of study 

was conducted in France and Aizawl respectively. 

 The observed more health complaints on female than male may be attributed 

to the fact that majority of the female participated in the survey were housewife. 

They spent their maximum time in their own houses, as such they were exposed to 

the RF Radiation from the respective Cell tower the whole day and night. 
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A recent study (Zothansiama et al, 2017) conducted in Aizawl city in the 

same cohorts of the population of the present study also recorded relatively lower 

levels of antioxidants, and higher level of lipid peroxidation among people 

inhabiting close to mobile base stations than control group indicating possibility of 

having oxidative stress. They also recorded that continuous exposure of humans to 

RF radiation emitted by mobile phone base stations induced significant DNA 

damage and this damage was positively correlated with the power density of RF 

radiation. 

All these findings support our results where we found the strong positive 

correlation between power density and health complaints. 

 

5.8 Lunglei District 

Questionnaire surveys on health complaints on 13 non specific health 

symptoms were conducted on each of the localities. The questionnaire was similar to 

the same used by Santini et al. (2002). Questionnaire was surveyed first in Zohnuai 

locality, 26 female and 24 males, a total of 50 adult persons participated in the 

survey. Accordingly, in all other localities, 50 persons were selected for the survey 

with 26 females and 24 males selected randomly. The questionnaire responses were 

classified into four (4) different levels : 0 = never, 1= sometimes, 2= often, 3 = very 

often. The responses of questionnaire were analysed by using independent t-test in 

SPSS version 16.0. Being positive responses, scales 2 and 3 are considered for the 

statistical analyses. The details of questionnaire and their analyses are given in the 

following tables.   

 

As there was no mobile tower in Zohnuai and as it is located beyond 500m 

from the nearest tower, the questionnaire from Zohnuai was used as reference (for 

locality with no RF/MW exposure, i.e. control group) for all other localities of 

studies for comparison.   

5.8 Details of questionairre responses from each locality 

1. Zohnuai 

Measured average power density of GSM 900 and GSM 1800 = 0.083 mW/m
2
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Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 13 23 3 16 2 0 0 0 

2 Nausea 14 27 4 9 0 3 0 0 

3 Sleep disruption 10 21 7 13 0 5 1 0 

4 Feeling of discomfort 13 31 4 6 1 2 0 0 

5 Headache 13 23 4 11 2 2 0 0 

6 Cramp 7 21 8 11 1 4 1 2 

7 Difficulty in concentration 13 28 3 10 1 2 0 0 

8 Memory loss 12 20 5 13 1 4 0 0 

9 Skin problem 11 26 3 7 3 4 0 2 

10 Visual disruption 12 20 4 10 2 8 0 0 

11 Hearing problem 14 34 3 4 1 1 0 0 

12 Dizziness 10 20 5 13 0 3 2 1 

13 Muscle pain 14 33 3 3 0 3 1 0 

 

Table 5.8.1 : Questionnaire response from Zohnuai 

2. Zotlang (ZH = Zohnuai, ZT = Zotlang ) 

Measured average power density of GSM 900 and GSM 1800 = 1.036 mW/m
2
  

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 4 3 10 12 6 8 4 3 

2 Nausea 10 11 10 8 3 4 0 1 

3 Sleep disruption 8 4 6 8 8 8 2 6 

4 Feeling of discomfort 13 10 4 1 5 8 2 5 

5 Headache 4 3 11 8 7 11 2 4 

6 Cramp 3 4 12 7 7 10 3 6 

7 Difficulty in concentration 8 9 6 2 5 7 4 7 

8 Memory loss 4 6 4 5 8 10 7 6 

9 Skin problem 3 4 10 9 6 8 3 4 

10 Visual disruption 12 8 3 7 4 8 5 4 

11 Hearing problem 13 11 4 7 4 6 3 3 

12 Dizziness 5 2 10 9 7 13 2 3 

13 Muscle pain 7 9 5 7 4 6 7 5 

 

Table 5.8.2: Questionnaire responses from Zotlang locality from all inhabitants, including 

male versus female responses. Note : M = Male, F = Female. 
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Sl.No 

  

Symptoms 

Scale 2 Scale 3 

ZH ZT ZH ZT 

1 Fatique 3 14 0 8 

2 Nausea 3 7 0 1 

3 Sleep Disruption 6 18 1 9 

4 Feeling Of Discomfort 3 13 0 7 

5 Headache 6 19 0 6 

6 Cramp 6 17 3 9 

7 Difficulty In Concentration 2 11 0 11 

8 Memory Loss 7 19 1 13 

9 Skin Problem 7 14 2 8 

10 Visual Disruption 11 10 1 9 

11 Hearing Problem 2 10 0 6 

12 Dizziness 2 21 3 5 

13 Muscle Pain 3 11 2 11 

 

 

Table 5.8.3: Comparison of Questionnaire responses between Zohnuai and Zotlang on scales 

2 and 3. 

 

3. Bazar Veng (ZH=Zohnuai, Bazar Veng = BZV) 

 Measured average power density of GSM 900 and GSM 1800 = 0.194 mW/m
2
 

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 19 27 3 10 6 7 1 0 

2 Nausea 19 33 4 3 6 6 0 2 

3 Sleep disruption 17 23 5 8 6 8 0 0 

4 Feeling of discomfort 21 30 4 7 4 5 0 1 

5 Headache 17 20 3 12 6 5 0 3 

6 Cramp 16 21 6 13 6 6 1 2 

7 Difficulty in concentration 16 28 4 11 6 4 1 0 

8 Memory loss 11 24 10 11 8 7 0 1 

9 Skin problem 15 32 5 7 6 4 3 2 

10 Visual disruption 15 25 9 8 4 5 1 3 

11 Hearing problem 21 30 1 9 5 4 2 0 

12 Dizziness 18 25 4 12 7 4 0 1 

13 Muscle pain 19 26 1 8 6 5 2 2 

 

Table 5.8.4: Questionnaire responses from Bazar Veng locality from all inhabitants, 

including male versus female responses. Note: M = Male, F = Female. 
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Sl.No. 

  
Symptoms 

Scale 2 Scale 3 

ZH BZV ZH BZV 

1 Fatique 3 11 0 1 

2 Nausea 3 12 0 3 

3 Sleep Disruption 6 12 1 1 

4 Feeling Of Discomfort 3 9 0 2 

5 Headache 6 13 0 3 

6 Cramp 6 13 3 2 

7 Difficulty In Concentration 2 10 0 1 

8 Memory Loss 7 14 1 1 

9 Skin Problem 7 11 2 5 

10 Visual Disruption 11 8 1 4 

11 Hearing Problem 2 9 0 2 

12 Dizziness 2 12 3 1 

13 Muscle Pain 3 11 2 3 

 

Table 5.8.5 : Comparison of Questionnaire responses between Zohnuai and Bazar Veng on 

scales 2 and 3. 

 

4. Ramzotlang (ZH=Zohnuai, RZT = Ramzotlang) 

 Measured average power density of GSM 900 and GSM 1800 = 3.682 mW/m
2
 

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 9 13 6 6 0 3 0 0 

2 Nausea 14 19 0 2 1 4 0 0 

3 Sleep disruption 3 7 3 9 5 5 4 4 

4 Feeling of discomfort 14 15 1 6 0 1 0 2 

5 Headache 6 8 7 12 2 1 0 3 

6 Cramp 4 11 7 9 5 3 0 1 

7 Difficulty in concentration 10 12 4 8 1 2 0 1 

8 Memory loss 6 5 6 12 2 6 1 1 

9 Skin problem 7 8 4 9 3 4 1 4 

10 Visual disruption 8 11 1 6 4 6 2 1 

11 Hearing problem 9 17 1 4 3 4 1 0 

12 Dizziness 12 9 10 10 3 3 0 2 

13 Muscle pain 6 13 4 4 5 6 0 3 
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Table 5.8.6 : Questionnaire responses from Ramzotlang locality from all inhabitants, 

including male versus female responses. Note : M = Male, F = Female. 

Table 5.8.7 : Comparison of Questionnaire responses between Zohnuai and Ramzotlang on 

scales 2 and 3. 

 

 

Sl.No Symptoms 

Scale 2 Scale 3 

ZH RZT ZH RZT 

1 Fatique 3 3 0 0 

2 Nausea 3 2 0 0 

3 Sleep Disruption 6 9 1 6 

4 Feeling of Discomfort 3 0 0 1 

5 Headache 6 3 0 1 

6 Cramp 6 7 3 1 

7 Difficulty In Concentration 2 3 0 1 

8 Memory Loss 7 8 1 2 

9 Skin Problem 7 6 2 4 

10 Visual Disruption 11 9 1 3 

11 Hearing Problem 2 7 0 1 

12 Dizziness 2 4 3 2 

13 Muscle Pain 3 11 2 1 

 

5. Lunglawn(ZH=Zohnuai, LLN= Lunglawn) 

 Measured average power density of GSM 900 and GSM 1800 = 0.441 mW/m
2
 

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 15 15 9 11 0 2 1 3 

2 Nausea 19 13 6 13 0 1 0 4 

3 Sleep disruption 7 7 11 13 4 7 4 2 

4 Feeling of discomfort 21 22 4 6 1 3 0 0 

5 Headache 8 6 14 19 1 4 2 2 

6 Cramp 10 9 10 14 5 6 0 3 

7 Difficulty in concentration 18 22 7 2 2 5 0 0 

8 Memory loss 15 13 6 7 5 7 0 2 

9 Skin problem 15 18 9 9 3 4 0 0 

10 Visual disruption 14 23 5 5 6 3 1 1 

11 Hearing problem 18 24 5 4 2 4 1 0 

12 Dizziness 15 13 6 10 2 5 2 2 

13 Muscle pain 13 7 2 8 6 9 5 3 
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Table 5.8.8 : Questionnaire responses from Lunglawn locality from all inhabitants, including 

male versus female responses. Note : M = Male, F = Female 

 

Sl.No Symptoms ZH LLN ZH LLN 

1 Fatique 3 2 0 4 

2 Nausea 3 2 0 4 

3 Sleep Disruption 6 11 1 6 

4 Feeling Of Discomfort 3 4 0 0 

5 Headache 6 5 0 4 

6 Cramp 6 11 3 4 

7 Difficulty In Concentration 2 7 0 1 

8 Memory Loss 7 12 1 2 

9 Skin Problem 7 7 2 0 

10 Visual Disruption 11 9 1 1 

11 Hearing Problem 2 6 0 1 

12 Dizziness 2 7 3 4 

13 Muscle Pain 3 15 2 8 

            

 

Table 5.8.9 : Comparison of Questionnaire responses between Zohnuai and Lunglawn  on 

scales 2 and 3. 

 

6.Venglai(ZH=Zohnuai, VNG= Venglai ) 

 Measured average power density of GSM 900 and GSM 1800 = 10.30 mW/m
2
 

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 10 6 12 17 1 1 2 0 

2 Nausea 10 7 9 14 5 3 1 0 

3 Sleep disruption 7 6 10 15 5 4 1 0 

4 Feeling of discomfort 12 9 9 12 3 3 0 1 

5 Headache 4 3 11 17 6 3 3 1 

6 Cramp 6 5 11 12 7 6 1 1 

7 Difficulty in concentration 11 7 10 13 2 5 0 0 

8 Memory loss 11 8 10 10 3 5 0 1 

9 Skin problem 14 9 11 11 1 4 0 0 

10 Visual disruption 16 9 6 11 3 3 0 1 

11 Hearing problem 19 16 4 6 0 0 1 1 

12 Dizziness 9 9 11 12 4 3 1 0 
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13 Muscle pain 13 11 9 9 3 4 0 1 

 

Table 5.8.10 : Questionnaire responses from Venglai  locality from all inhabitants, including 

male versus female responses. Note : M = Male, F = Female. 

Table 5.8.11 : Comparison of Questionnaire responses between Zohnuai and Venglai on 

scales 2 and 3. 

 

  

SL.No. 

Symptoms 

  
  

Scale 2 Scale 3 

ZH VL ZH VL 

1 Fatique 3 22 0 2 

2 Nausea 3 11 0 1 

3 Sleep Disruption 6 14 1 1 

4 Feeling Of Discomfort 3 10 0 4 

5 Headache 6 10 0 7 

6 Cramp 6 18 3 3 

7 Difficulty In Concentration 2 7 0 3 

8 Memory Loss 7 9 1 3 

9 Skin Problem 7 5 2 0 

10 Visual Disruption 11 9 1 1 

11 Hearing Problem 2 0 0 2 

12 Dizziness 2 8 3 4 

13 Muscle Pain 3 7 2 1 

 

Table 5.8.10 : Questionnaire responses from Venglai  locality from all inhabitants, including 

male versus female responses. Note : M = Male, F = Female. 

 

7 Serkawn(ZH=Zohnuai, SK= Serkawn) 

 Measured average power density of GSM 900 and GSM 1800 = 1.893 mW/m
2
 

Sl 

No. Symptoms 

0 1 2 3 

M F M F M F M F 

1 Fatique 10 1 5 4 0 1 0 0 

2 Nausea 11 1 5 3 0 2 0 0 

3 Sleep disruption 8 0 2 3 3 2 2 1 

4 Feeling of discomfort 14 2 0 2 1 1 0 1 

5 Headache 10 1 4 3 0 0 2 2 

6 Cramp 11 1 3 4 2 1 0 0 

7 Difficulty in concentration 10 1 5 5 0 0 1 0 

8 Memory loss 10 1 3 5 1 0 2 0 

9 Skin problem 12 1 1 2 1 1 2 2 

10 Visual disruption 11 3 2 2 2 1 1 0 

11 Hearing problem 12 4 0 2 1 0 2 0 

12 Dizziness 9 0 3 4 3 2 1 0 

13 Muscle pain 9 4 5 0 0 0 2 2 
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Table 5.8.12 : Questionnaire responses from Serkawn locality from all inhabitants, including 

male versus female responses. Note : M = Male, F = Female. 

 

 

 

 

 

 

Sl.No. 

Symptoms 

 

Scale2 Scale 3 

ZH SK ZH SK 

1 Fatique 3 2 0 1 

2 Nausea 3 2 0 0 

3 Sleep Disruption 6 5 1 3 

4 Feeling Of Discomfort 3 2 0 1 

5 Headache 6 0 0 4 

6 Cramp 6 3 3 0 

7 Difficulty In Concentration 2 0 0 1 

8 Memory Loss 7 1 1 2 

9 Skin Problem 7 2 2 4 

10 Visual Disruption 11 3 1 1 

11 Hearing Problem 2 1 0 2 

12 Dizziness 2 5 3 1 

13 Muscle Pain 3 0 2 4 

 

Table 5.8.13 : Comparison of Questionnaire responses between Zohnuai and Serkawn on 

scales 2 and 3. 

 

5.9 Results of Questionnaire analysis 

The questionnaire responded were statistically analysed using independent t-

sample test. The main objective of the analysis was to find out is there any 

significant health complaints by using 95% confidence interval, i.e. significance 

value (p-value) less than 0.05. Those comparisons having p value less than 0.05 only 

were considered to be significant. The analysis were done in two different ways –  
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(1) Based on exposure to RF radiation: Comparison of the responses from 

inhabitants of Zohnuai and each other locality/village. In this case, inhabitants of 

Zohnuai were assumed to be not exposed to the RF radiation as power density was 

very low in the locality. This comparison was treated as inhabitants exposed to RF 

radiation versus those inhabitants who were not exposed to the same.  

(2) Based on sex: Comparison of responses between male and female in each 

locality except that of Zohnuai. Male and female from each locality were exposed to 

the same RF radiation. The objective of this comparison was to find out who is 

having more health complaints between male and female. 

5.9.1: Results of comparison based on exposure (*mark indicates significant 

health complaints) 

Sl. 

No 

S
y
m

p
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m
 

1 2 3 4 5 6 7 8 9 10 11 12 13 
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  Scale 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 

1 Zohnuai                                                     

2 Zotlang * *             * * * *                     *   * * 

3 

Ramzotlan

g           *     *     *     *   * *     *   *   * * 

4 Serkawn                 * *         *   *   *         *     

5 Bazar Veng                     *                       *   *   

6 Venglai *   *   *   *   *   *   *   * * * *         *   *   

7 Lunglawn   *                 *                       *   *   

 

Table 5.9.1: Statistical comparison of reponses from Zohnuai versus other localities 

 

5.9.2 : Results of comparison based on sex (* mark indicates significant health 

complaints) 
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Scale 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 

1 Zohnuai 

                          2 Zotlang 

     

* 

   

* * * 

             

* 

3 

Ramzotlan

g * 

 

* 

   

* 

 

* * 

    

* 

        

* * * 

4 Serkawn 

  

* 

    

* 

       

* 

   

* * 

     

5 

Bazar 

Veng * * 

                      

* 

 6 Venglai 

 

* 

 

* 

 

* 

 

* * * 

  

* 

  

* * 

      

* * * 

7 Lunglawn 

  

* 

                     

* 

  

Table 5.9.2: Statistical comparison of responses of male and female from each 

locality 

When questionnaire responses from Zohnuai (who were considered not 

exposed to RF radiation) were compared with all other localities, it was found that 

out of the six (6) other localities compared with that of Zohnuai  locality, significant 

health complaints were observed in all the six  localities, where average power 

density was considerably high. The most common complaint was dizziness 
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(significant in 6 different localities in scale 2 or 3 or both the scales), the second one 

is muscle pain and cramp (significant in 5 different localities in scale 2 or 3 or both 

the scales). The third one is Headache (Significant in 4 different localities) followed 

by skin problem and memory loss(significant in 3 localities in scale 2 or 3 or 

both),there was no complaints on nausea and difficulty in concentration. All the 

significant health complaints were in favour of other localities, i.e. other localities 

other than Zohnuai where power densities of RF radiation from mobile tower were 

higher than Zohnuai. 

            When male versus female questionnaire responses from each locality were 

compared and analysed, significant health complaints were found in six (6) 

localities, all of them were in Lunglei town. It was also observed that females were 

more affected than males, i.e. all the significant health complaints being in favour of 

female. The most common complaint was muscle pain (significant in 5 different 

localities in scale 2 or 3 or both the scales), the second one is fatique (significant in 4 

different localities in scale 2 or 3 or both the scales), the third one is headache 

(significant in 3 different localities in scale 2 or 3), which is comparable with that 

found by Pachuau et al (2014). 

5.10: Summary of Power density versus Health complaints based on exposure 

Sl. 

No 
Locality 

Average Power 

Density 

(mW/m
2
) 

Mean 

value of 

average 

power 

density of 

GSM 900 

& GSM 

1800 

Health Complaints significant in 

Total 

no. of 

signifi

cant 

health 

compl

aints 
GSM 

900 

GSM 

1800 
Scale 2 only 

Scale 3 

only 

Both the 

Scale  

2 & 3 

1 Zohnuai 0.015 0.15 0.083 
   

0 

2 Zotlang 0.259 1.813 1.036 

Headache, 

fatique,cramp,diziness,

muscle pain 

fatique,hea

dache,cram

p,muscle 

pain 

fatique,h

eadache,

cramp,m

uscle 

pain 

5 

3 
Ramzotl

ang 
0.817 6.547 3.682 

Headache, memory 

loss, muscle pain,skin 

problem,dizziness,hear

ing problem 

sleep 

disruption,

muscle 

pain,skin 

problem,cra

mp 

muscle 

pain,ski

n 

problem 

8 
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4 Serkawn 2.801 0.984 1.893 

headache, skin 

problem, memory 

loss,visual disruption 

headache,di

zziness 

headach

e 
5 

5 
Bazar 

Veng 
0.196 0.192 0.194 

muscle pain, cramp, 

dizziness   
3 

6 Venglai 0.465 20.13 10.300 

Muscle pain, 

fatique,nausea,sleep 

disruption,feeling of 

discomfort,headache,d

ifficulty in 

conc,memory loss,skin 

problemcramp, 

dizziness 

Skin 

problem,me

mory loss 

Memory 

loss,skin 

problem 

11 

7 
Lunglaw

n 
0.446 0,436 0.441 

cramp,dizziness,muscl

e pain 
fatique - 4 

 

Table 5.10.1: Power density versus health complaints based on exposure. 

In this comparison, maximum number of significant health complaints were 

found in Lunglei Venglai, Lunglei town with eleven (11) different health symptoms 

being significant. Significant health complaints appeared only when the average  

power density was more than 0.194 mW/m
2
   which is still less than that observed in 

Champhai District (0.377mW/m
2
) above which only significant health complaints 

were observed. This level is more or less comparable with the same given by Bio-

initiative 2012 (0.5 mW/m
2
), Salzburg resolution 2000(1 mW/m

2
). 

5.11: Summary of Power density versus Health complaints based on sex (male 

versus female) 

Sl. 

No

. 

Locality 

Average Power 

Density 

(mW/m
2
) 

Mean 

value of 

average 

power 

density of 

GSM 900 

& GSM 

1800 

Health Complaints significant in 

Total no. of 

significant health 

complaints 

GSM 

900 

GSM 

1800 

Scale 2 

only 
Scale 3 only 

Both the 

Scale  

2 & 3 
 

1 Zohnuai 0.015 0.15 0.083 
   

0 

2 Zotlang 0.259 1.813 1.036 
Headache, 

cramp 

Cramp,sleep 

disruption,mu

scle pain 

cramp 4 
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3 
Ramzotl

ang 
0.817 6.547 3.682 

fatique,nau

sea,feeling 

of 

discomfort,

Headache, 

memory 

loss, 

muscle 

pain 

headache,mus

cle 

pain,dizziness 

muscle 

pain,hea

dache 

7 

4 
Serkaw

n 
2.801 0.984 1.893 

nausea,hea

ring 

problem 

feeling of 

discomfort,me

mory 

loss,visual 

disruption, 

 
5 

5 
Bazar 

Veng 
0.196 0.192 0.194 

fatique,mu

scle pain 
fatique 

 
2 

6 Venglai 0.465 20.13 10.300 

headache,d

ifficulty in 

concentrati

on,skin 

problem,m

uscle pain 

fatique,nausea

,sleep 

disruption,feel

ing of 

discomfort,he

adache,memor

y loss,skin 

problem,dizzi

ness,muscle 

pain 

headach

e,muscl

e pain 

10 

7 
Lungla

wn 
0.446 0,436 0.441 

muscle 

pain, 
nausea - 2 

 

Table 5.11.1 : Power density versus health complaints based on sex. 

In this comparison, maximum number of significant health complaints were 

found again in Venglai, Lunglei town where the average power density was highest 

within Lunglai District. All the significant health complaints were in favour of 

female, i.e. female can be considered more affected than male by the RF radiation. 

The same trend was observed by Santini et al. (2002) and Pachuau et al (2014). 

5.12 Frequency of significance of health complaints 

The tables given below summarised the number of localities where significant health 

complaints for each health symptom studied were observed. 

5.12.1: For comparison based on exposure, i.e. responses from Zohnuai versus other 

localities 
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Sl.No Symptom 

 No. of localities 

Scale 2 only Scale 3 only Both the scales 

1 Fatique 2 3 1 

2 Nausea 1 0 0 

3 Sleep disruption 1 1 0 

4 Feeling of discomfort 1 0 0 

5 Headache 4 2 2 

6 Cramp 4 2 1 

7 Difficulty in concentration 1 0 0 

8 Memory loss 3 1 1 

9 Skin problem 3 2 2 

10 Visual disruption 1 0 0 

11 Hearing problem 1 0 0 

12 Dizziness 5 1 0 

13 Muscle pain 5 2 2 

 

Table 5.12.1: Frequency of occurrences of the symptoms studied based on exposure 

 

 

5.12.2: For comparison based on sex, i.e. responses from male and female from each 

locality 

 

Sl 

No. Symptoms 

No. of localities 

Scale 2 only Scale 3 only Both the scales 

          

1 Fatique 2 2 1 

2 Nausea 2 2 0 

3 Sleep disruption 0 2 0 

4 Feeling of discomfort 1 2 0 

5 Headache 3 2 2 

6 Cramp 1 1 0 

7 Difficulty in concentration 1 0 0 
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8 Memory loss 1 2 0 

9 Skin problem 1 0 0 

10 Visual disruption 0 1 0 

11 Hearing problem 1 0 0 

12 Dizziness 0 2 0 

13 Muscle pain 4 3 2 

    

Table 5.12.2: Frequency of occurrences of the symptoms studied based on sex. 

From the discussions above, it was observed that the most common 

significant health complaint were muscle pain, fatique and headache which were 

significant in four (4) different localities out of the seven (7) localities which were 

compared with that of Zohnuai  where there was no mobile tower. The other 

common significant health complaints were skin problem and feeling of discomfort.  

Although the measured power densities were much lower than the safe limit of 

exposure recommended by ICNIRP (4700 mW/m
2
 for GSM 900) and the current 

Indian National standard (450 mW/m
2
 for GSM 900), significant health complaints 

were still observed in many health symptoms. The lowest average value of power 

density where significant health complaints appeared was  0.194mW/m
2
., which is 

almost same with the value suggested by Bio-initiative report - 2012 and Salzburg 

resolution 2000 and hence, we suggest 0.194mW/m
2
 to be the safe limit of exposure.  

5.13: Correlation between Power density and Significant health complaints in 

Lunglei District 

  

The bivariate correlation graphs between significant health complaints and 

power density is plotted in figures 5.71 and 5.72. When responses from Lunglei 

Zohnuai (control group) versus all other localities (test groups) are plotted, R 

squared value of 0.795 was obtained. From comparison of male and female 

responses from each locality, R squared value of 0.833 was obtained. Both the 

results show strong positive correlation between power density and complaints on 

non specific health symptoms, i.e. more is power density more is the number of 

significant health complaints.  
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Figure 5.13.1: The correlation graph showing Number of significant health 

complaints versus average power density from each locality. The graph is plotted 

from the comparison of responses from Zohnuai and that of other localities. 
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Figure 5.13.2: The correlation graph showing Number of significant health 

complaints versus average power density from each locality. The graph is plotted 

from comparison of responses from male and female in each locality. 

  

In the same manner as in Champhai District, when male – female responses 

were compared and statistically analysed using independent t-sample test, it was 

observed that female were having more complaints than male. The correlation graph 

(Figure 5.72) shows that the fact that female are having more significant health 

complaints than male is strongly positively correlated (R squared value = 0.81). The 

same trend was also observed by Santini et al. (2002) and Pachuau et al (2015) when 

the same kind of study was conducted in France and Aizawl respectively. 

          Most of the females those who participated in the survey were housewife. 

They spent their maximum time in their own houses and as such they were 

continuously exposed to RF radiation from the respective tower the whole day and 
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night. This may be attributed to the fact that females were having more health 

complaints than males. 

 

5.14 Assesment of Effects of RF Radiation at the Molecular Level. 

A. Materials and Methods 

 In this study, two mobile base stations were selected in Aizawl city where 

inhabitants are nearby station and have frequent health complaints. The two 

locations selected were Zemabawk (23.7357ºN, 92.7499ºE) and Ramhlun North 

(23.74.75ºN, 92.72.59ºE ) both towers were erected in 2007. The present study was 

carried out in 2019 considering that inhabitants were exposed to RF radiation for a 

period of more than ten (10) years. 

 

B. Power density measurement 

 Power density measurement was carried out randomly at different sites in 

close proximity to the base station. At the same time, absolute power (in dBm) was 

measured at each site. The average value of power density of each locality was 

compared with the recommendation given by various organizations like International 

Commission on Non Ionizing Radiation Protection(ICNIRP,1998), Bioinitiative 

Report (2012), Salzburg resolution (2001) and the current Indian national limit.  The 

main purpose of the measurement was to ensure that RF Radiation from each site did 

not exceed the safe public limits and to find whether there is correlation between 

health complaints and the measured power densities. The power density 

measurement was done with the instrument HF-60105V4, manufactured by Aaronia, 

Germany. 
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Table 5.14.1: Power Density measurement at Ramhlun North. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. No. Distance from 

tower (in m) 

GSM 900 GSM 1800 

Power density 

(mW/m
2
) 

Power (dBm) Power density 

(mW/m
2
) 

Power (dBm) 

 Less than 50 m 

1. 29 1.2 -20 2.2 -23 
2. 21 1.6 -19 3.5 -21 
3. 33 6.6 -13 1.3 -26 
4. 39 20.6 -5 11.5 -16 
5. 44 31.7 -4 13.1 -15 
6. 48 109 -1 11.1 -16 

Average power density 28.45 mW/m
2
  7.12 mW/m

2
  

Average power density of GSM 900 & GSM 1800        17.785 

mW/m
2
 

 

 More than 50 m 

7. 56 1.6 -19 0.65 -29 
8. 76 1.4 -19 0.035 -41 
9. 89 1.2 -20 0.05 -39 

10. 91 1.5 -19 0.22 -33 
11. 117 10.7 -11 0.95 -27 
12. 65 2.2 -18 0.45 -30 
13. 81 1.3 -20 0.56 -29 

Average power density 2.84 mW/m
2
  0.416 mW/m

2
   

Average power density of GSM 900 & GSM 1800    1.628 mW/m
2
 

Net Average power 

density 

14.67 mW/m
2
 

(a) 

    3.5 mW/m
2
 (b)  

Total Average power density of GSM 900 & GSM 1800= [(a) 

+ (b)]/2 

   9.085 mW/m
2
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Table 5.14.2: Power Density measurement at Zemabawk. 

 

5.15  Blood sample collection 

Within 50 meter radius of the mobile towers, blood samples were collected from 

randomly candidate individuals among Mizo inhabitants from Aizawl, Mizoram, 

India. Subject: Test (12 individuals who were residing within 50 meter radius of the 

nearest Mobile tower and considered exposed consistently for not less than 10 years) 

and Control (3 individuals residing >300 meter away from the nearest tower). The 

study was approved by the Institutional Human Ethics Committee of the Mizoram 

University, Aizawl, Mizoram: India vide letter No. MZU/IHEC/2020/002. 

Sl. No. Distance from 

tower (in m) 

GSM 900 GSM 1800 

Power density 

(mW/m
2
) 

Power (dBm) Power density 

(mW/m
2
) 

Power 

(dBm) 

 Less than 50 m 

1. 21 11.77 -10 0.396 -31 

2. 19 0.002 -7 0.067 -39 

3. 25 1.17 -20 0.240 -33 

4. 29 1.62 -19 0.095 -37 

5. 37 1.81 -18 0.110 -36 

6. 45 0.374 -31 0.287 -32 

7. 31 1.14 -20 0.720 -28 

8. 19 5.34 -14 1.27 -26 

9. 22 1.05 -21 0.243 -33 

10. 41 0.308 -26 0.129 -36 

Average power density 2.46 mW/m
2
  0.35 mW/m

2
  

Average power density of GSM 900 & GSM 1800 for < 50 m 1.45 mW/m
2
  

 More than 50 m 

11. 67 0.657 -23 0.157 -35 

12. 68 0.337 -16 0.001 -26 

13. 92 0.034 -36 0.067 -38 

14. 57 0.326 -26 0.249 -33 

15. 81 0.129 -30 0.118 -36 

16. 77 0.288 -26 0.32 -92 

17. 60 0.141 -30 0.117 -36 

18. 51 0.021 -38 0.866 -28 

19. 88 0.003 -46 0.68 -39 

20. 103 15.40 -9 159 -5 

21. 79 0.126 -30 0.001 -25 

Average power density 1.59 mW/m
2
  14.69 mW/m

2
   

Average power density of GSM 900 & GSM 1800 for > 50 m     8.14 mW/m
2
 

Net Average power 

density 

2.002 mW/m
2
 

(a) 

     7.86 mW/m
2
 

(b) 

 

Total Average power density of GSM 900 & GSM 1800= [(a) 

+ (b)]/2 

    4.93 mW/m
2 
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5.16  Biochemical Assay 

The biochemical parameters such as total serum protein, cholesterol and 

glutathione were estimated from blood according to the standard protocols.  

 

a)DNA extraction and PCR amplification from the blood sample 

The whole blood were lysed and Genomic DNA extraction was performed 

(Qiagen Mini Blood Kit) followed by PCR amplification using mtD-loop, ALDH2, 

CDH1 and TP53 genes (mtD-loopF:5’-TCCACACAGACATCAATAACA-3’, mtD-

loopR: 5’-AAAGTG CATACCGCCAAAG-3’; ALDH2E5.6 F:5’-

CTACACACGCCATGAACCTG-3’, ALDH2E5.6 R: 5’-

AAATGGGACGGAGAAGGAG-3’, CDH1F:    5’- GCAGAACTGTCC 

CTGTCCCAG-3’, CDH1R:    5’- GAACAGCACGTACACAGCCCT-3’;-TP53E3.4 

F:   5’-GACCTA GG AA TG GA TG -3’, TP53E3.4 R:  5’-

GGGTGTGATGGGATGGATAAA-3’ 

b) Sanger sequencing 

Sanger sequencing was performed for mitochondrial genome variation with the 

fifteen DNA samples from Mizo inhabitants. PCR was performed using a thermal 

cycler as follows: 35 cycles of 1 min at 95°C for denaturation, 50 s at specific 

annealing temperatures, and 1 min at 72°C for extension. Final extension was 

performed at 72°C for 10 min. The PCR products were electrophoresed on an 2% 

agarose gel and stained with ethidium bromide to confirm the size of the bands. The 

amplified product was purified and sequenced by gold standard Sanger sequencer 

(AB3500 DNA Analyzer, Thermofisher). All products were sequenced from the 

opposite directions to ensure reading accuracy.  The sequences were compared with 

latest version of Revised Cambridge Reference Sequence [rCRS] of the Human 

Mitochondrial DNA [NC_012920] and analysed the variation of sequences by 

Mutation taster, Polyphen2, HOPE and Swift. 
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 Power density of the RF radiation from the selected towers were measured at 

different selected sites in Zemabawk and Ramhlun North in Aizawl District. The 

lowest measured value was 0.002 mW/m
2
 in Zemabawk (at 19m), highest measured 

value was 109 mW/m
2
 (at 48m) Ramhlun North.  In Zemabawk, at twelve (12) 

different points of measurement from the  tower within and outside 50m, the 

measured power densities were found to be less than that of the safety limits 

recommended by Bioinitiative Report 2012 (0.5 mW/m
2
), Salzburg Resolution 2000 

(1mW/m
2
) and at nine(9) different points of measurement, it was found to be greater. 

However, all the measured values were quite below the current ICNIRP safe level 

(4700mW/m2) and the current Indian Standard (450 mW/m
2
). 

 

In Ramhlun North, all the measured values are higher than  that of the safety 

limits recommended by Bioinitiative Report 2012 (0.5 mW/m
2
)
 

and Salzburg 

Resolution 2000 (1mW/m
2
). Similar to Zemabawk, all the measured values were 

quite below the current ICNIRP safe level (4700mW/m
2
) and the current Indian 

Standard (450 mW/m
2
). 

The average power density measurement in Zemabawk and Ramhlun North 

were 4.93 mW/m
2 

and 9.085 mW/m
2
 respectively which were below the current 

ICNIRP safe level (4700mW/m2) and the current Indian Standard (450 mW/m
2
).  

The biochemical assays such as total serum protein, cholesterol and 

glutathione were also estimated as shown in Table 5.16.1. The result showed no 

significant changes in the serum protein (within normal range). However, there is a 

significant change in the S1 for cholesterol and GSH levels. This change may be 

incorporated with personal history for further analysis. 

In the mutational analysis using Direct Sanger sequencing consisting of 15 

(RF exposure) samples, we have assessed 4 genes: Mitochondrial D-loop, ALDH2, 

CDH1 and TP53. From this study, we observed no significant sequenced alterations. 

However, 2 polymorphisms: intronic region of ALDH2 and TP53 (exon 4) were 

observed as shown in Table 5.16.2. Our result corresponded with Fang (2002) that 

P72R (rs1042522) TP53 Codon 72 polymorphisms might cause cancer risk. 

The power density, biochemical and molecular studies revealed that there was 

no significant damage caused by RF radiation at the molecular level. However, the 
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polymorphism was detected in ALDH2 gene (83.3% G>A, intronic region, novel) 

and TP53 (exon 4,G>C, P72R 0.08% ), found in Mizo inhabitants in Aizawl city. 

 

Table 5.16.1: Biochemical parameters such as total serum protein, glutathion 

(GSH) content and total cholesterol level in the participants blood samples. 

S. No 
 

 

Sample  

Code 

Cholesterol 

(mg/dl) 

Protein 

(g/dl) 

GSH  

(mg/dl) 

1 
 

CR1 161 6.16±0.51 4.55±0.64 

2 
 

CR2 181 6.00±0.84 3.65±0.82 

3 
 

CR3 125 6.22±0.82 3.44±0.47 

4 
 

S1 509 3.89±0.64 16.22±1.45 

5 
 

S2 176 5.05±0.61 3.09±0.55 

6 
 

S3 156 6.37±0.59 2.97±0.58 

7 
 

S4 262 6.37±0.24 2.57±0.84 

8 
 

S5 153 3.23±0.68 3.37±0.93 

9 
 

S6 169 3.29±0.57 4.40±0.95 

10 
 

S7 202 3.41±0.88 4.05±0.87 

11 
 

S8 165 5.24±0.94 4.18±0.69 

12 
 

S9 186 3.62±0.87 3.88±0.87 

13 
 

S10 183 6.05±0.56 4.10±0.25 

14 
 

S11 146 5.78±0.79 4.38±0.97 

15 
 

S12 200 5.91±0.54 6.18±0.17 

                 

The data expressed as Mean ± SD. 

CR1-CR3, control sample; S1,S12…- Test samples. 

 

Table 5.16.2: Mutation types observed in the amplified sequences of mtDNA D-

loop, ALDH2, CDH1and TP53 in 12 radio frequency exposure samples.  

S. No Gene 

Genomic 

Sequence 

alteration 

Amino 

acid 

change 

Mutation 

Taster/ 
PolyPhen-2/ 

HOPE 

Frequency 

Prediction 

problem 

splicing 
Status 

1 mtDNA  

D-loop 

No alteration - - -  - 

2 ALDH2 G/A Intronic Polymorphism 83.33% affected Novel 

3 CDH1 No alteration - - -  - 

4 TP53  G/C P72R Polymorphism 00.08%  Reported (rs1042522) 
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Fig.5.16.3(a) 

 

Fig. 5.16.3(b) 

 

Fig.5.16.3(c) 

 

Figure 5.16.3: Biochemical parameters of participants blood samples. 
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(a). Total serum protein level in the blood (b). Glutathion (GSH) content in the 

blood, (c). Total cholesterol level in the blood. The data expressed as Mean ± 

SD. CR1-CR3, control sample; S1,S12…- Test samples. 

 

 

 

Figure 5.16.4: Amplification of mt-Dloop, TP53 exon 4, ALDH2 exon 5-6 and 

CHD1 exon 4-5 genes. 
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Figure 5.16.5: Detection of polymorphism in ALDH2 gene and TP53 exon 4. 

a) Control ALDH2, (b) ALDH2 Sample No 1, (c)ALDH2 Sample No 2, (d) ALDH2 

Sample No 4, (e) Control Tp53 Exon 4, (f) Tp53 Exon 4 Sample 9 

 

5.17 Discussions and Results 

Mobile phone base stations have become an integral part of telecommunication, 

which use RF Radiation to transmit the signals. Although RF Radiations are non-

ionizing electromagnetic radiations, yet there has been a great concern about their 

deleterious effects on the human body as it is assumed that RF Radiation could 

produce some of the biological effects akin to those produced by ionizing radiations 

such as X or γ-rays. Because of its adverse health effects reported worldwide, the 

presence of mobile base stations in the residential areas could be an electromagnetic 

threat, which is silently creeping in the lives of residents staying near the mobile 

base stations. We have therefore, attempted to obtain an insight into the adverse 
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effects of RF Radiation in the inhabitants residing in the vicinity of mobile base 

stations emitting RF Radiation for mobile connectivity. 

 The frequency of nonspecific health symptoms such as nausea, loss of 

appetite, visual disturbance, irritability and depression were found to be significantly 

higher in the population living close (within 100 m) to mobile phone base stations as 

compared to those living away from these stations (Santini et al., 2002, 2003). In the 

earlier study (Pachuau et al., 2015), it was also reported that the frequency of 

nonspecific health symptoms such as fatique, headaches, dizziness and muscle pain 

were significantly higher in the population close to the base stations, inspite of the 

fact that the power density in the selected site of studies were much below the public 

safe limits recommended by ICNRIP (1998) and the Indian standard. A number of 

studies have reported an increase in the DNA damage/micronuclei in different study 

systems. The human PBLs exposed to RFR have shown an increased frequency of 

micronuclei earlier (d’Ambrosio et al., 2002; Garaj-Vrhovac et al., 1992; El-Abd and 

Eltoweissy, 2012; Tice et al., 2002;Zotti-Martelli et al., 2000). Various studies 

conducted in other systems have also revealed an increased micronuclei frequency 

after exposure to RF Radiation (Balode, 1996; Busljeta et al., 2004; Gandhi and 

Singh, 2005; Trosic et al., 2002, 2004). However, some of the studies did not find 

any increase in the MN frequency after RF Radiation exposure both in vitro and in 

vivo(Bisht et al., 2002; Scarfi et al., 2006; Vijayalaxmi et al.,1997, 1999, 2001; Zeni 

et al., 2003, 2008).In a recent study (Zothansiama et al, 2017) conducted in Aizawl, 

it was found that there was a significant increase in MN frequency and decreased 

antioxidants among inhabitants residing close to the base station/s when compared to 

controls whereas our result showed that the power density, biochemical and 

molecular studies does not produce significant damage by RF Radiation at the 

molecular level. However, the polymorphism was detected in ALDH2 gene (83.3% 

G>A, intronic region, novel) and TP53 (exon 4, G>C, P72R 0.08%), found in Mizo 

inhabitants. 

 From the present study, it was found that RF Radiation from base station did 

not cause mutation and therefore, does not produce significant damage at the 

molecular level, although it produces polymorphism to some extent, to those 

inhabitants residing in the proximity of the base stations. 
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CHAPTER 6 

CONCLUSION  

It has been observed that all the measured values of power density in all the 

15 localities of Champhai and Lunglei Districts were lower than the safe limit 

recommendations of ICNIRP(1998) and the Department of Telecommunications, 

Government of India. However, in seven (7) different localities, the average values 

of the measured power densities were higher than the recommendations of 

Bioinitiative report 2012 (0.5 mW/m
2
). In six (6) localities, the average values of 

the measured power densities were higher than the recommendation of Salzburg 

resolution, 2000 (1 mW/m
2
). The highest average value of power density for GSM 

900 was observed in Champhai Vengthlang  locality in Champhai town (7.15 

mW/m
2
), and the lowest value for GSM 900 was observed in Kawlkulh village in 

Champhai District (0.001 mW/m
2
). For GSM 1800, the highest power density was 

observed in Lunglei Venglai locality Lunglei town (106.98 mW/m
2
), the lowest 

value was observed in Pukpui in Lunglei town (0.003 mW/m
2
). For the average 

value of GSM 900 and GSM 1800, the highest value was observed in Lunglei 

Venglai locality (10.300 mW/m
2
) whereas the lowest value was observed in 

Khawzawl village (0.007 mW/m
2
).  

 Although the measured power densities were very low when compared to the 

recommendations of ICNIRP (1998) and the current Indian standard, it has been 

observed that many inhabitants were still having significant health complaints on 

many non specific health symptoms since the erection of the towers. It has also 

been observed that females were having more health complaints than males 

(Santini et al 2002; Pachuau et al, 2015). 

From the comparison of Champhai Kanaan and Zohnuai with other localities 

in Champhai and Lunglei Districts, health complaints were found to be significant in 

all the localities and villages within Champhai and Lunglei Districts. In all the fifteen 

(15) different localities within Champhai and Lunglei Districts, comparison of the 

questionnaire responses on health complaints were  found to be significant at least in 

one (1) symptom in scale 2 only or scale 3 only or in both the scales 2 and 3. In 
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comparison with Champhai Kanaan and Zohnuai, the most common complaints were 

muscle pain (which is significant in 9 localities), headache (which is significant in 8 

localities) and dizziness (which is significant in 6 localities). In all the significant 

comparison, health complaints were more in other localities than in Champhai 

Kanaan and Zohnuai. The same trend of more significant health complaints by 

individuals living in the vicinity of RF Radiation was also observed (Wolf and Wolf  

2004 ;  Santini et al, 2002; Pachuau et .al, 2014). 

 

From the comparison of health complaints of male and female from each 

locality, it was observed that females were having more complaints than male. The 

comparisons were significant in twelve (12) different symptoms viz., fatigue, sleep 

disruption, headache, cramp, dizziness, muscle pain, nausea, feeling of discomfort, 

memory loss, hearing problem, visual disruption, difficulty in concentration and 

skin problem. In all the symptoms, females were having more complaints than 

male. The most common complaint was muscle pain, which was significant in 

seven (7) different localities. The same trend of complaint was also observed by 

Santini et al. (2002) and Pachuau et al. (2014).  

By comparing the measured average power densities and health complaints of 

each locality, a particular trend has been observed in the two districts where 

significant health complaint was observed only when the average power density was 

above a certain limit. In comparison between Champhai Kanaan and other localities 

in Champhai District, significant health complaint starts to occur when average 

power density was more than 0.163 mW/m
2
. If lower than this value, no significant 

health complaint was observed between Champhai Kanaan and other localities. 

Similarly in comparison between Zohnuai and other localities in Lunglei District, 

significant health complaint starts to occur when average power density was more 

than 0.194 mW/m
2
. When it was lower than this value, no significant health 

complaint was observed between Zohnuai and other localities. It has also been 

observed that only when the average power density was more than 0.178 mW/m
2
, 

health comparison between male and female becomes significant. If lower than this 

value, no significant health complaint was observed between male and female. We 

suggest power density of 0.18 mW/m
2
 to be the safe limit of exposure to RF 
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Radiation which is in line with Bio-initiative Report(0.0005W/m
2
). Based on our 

studies, we can conclude that the current Indian standard (0.45W/m
2
) for mobile 

tower exposure is inadequate for the safe living. 

Due to the geographical location as Lunglei and Champhai Districts are hilly 

region, the power densities were not necessarily higher close to the base stations. 

But in plain areas, power density seems to be higher close to the base stations than 

which are further away and people are more affected with health symptoms 

(Premlal et al, 2017). Therefore, distance alone seems to be insignificant on 

regarding health complaints; rather, it is the power density which determines the 

health complaints. There is direct relationship between power density and 

significant health complaints, i.e. power density and health complaints are strongly 

positively correlated. In recent study conducted by Zothansiama et al (2017), it was 

found that continuous exposure of human to RF Radiation emitted by mobile tower 

induced significant micronuclei formation and this damage was positively 

correlated with the power density of RF radiation. These findings supported our 

results of strong positive correlation between power density and health complaints.   

However, there are many other factors which could contribute to the health 

complaints other than RF Radiation. It is not wise to conclude that all the observed 

health complaints were due to the radiation alone. Further, it has been observed that 

more is power density, more is health complaints. The study of the effect of RF 

Radiation on human body at the molecular level was carried out and a significant 

result was obtained. 

It has also been found that from the power density, biochemical and 

molecular studies, it does not produce significant damage by RF Radiation at the 

molecular level. However, polymorphism was detected in the Mizo inhabitants in 

Aizawl city. Therefore, we may conclude that at the molecular level, RF Radiation 

from base station did not cause mutation and not produce significant damage, 

although it produces polymorphism to some extent to those inhabitants residing in 

the proximity of the base stations. 

The number of Mobile phone towers are expected to grow as more smart 

devices grow and the need for bandwidth among consumers keeps escalating. 

However, the growth of this RF based systems could lead to increased exposure to 
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users within the high level coverage area, which may lead to health effects associated 

with these radiations. It is thus important that radiation coverage in this area is 

properly analyzed to help people in deciding where to operate businesses and live in. 

A system developed based on this model is expected to attain this and together with a 

tailored app, it can help people find safe areas as far as RF radiation is concerned.  

 Exposure of the general population to RF Radiation from wireless 

communication devices and transmission towers should be kept to a minimum and 

should follow the ‘‘As Low As Reasonably Achievable (ALARA)” principle. One of 

the possible solutions to reduce the health effects of cell tower radiation is to have 

more number of cell towers with lesser transmitted power. When transmitted power 

is reduced, heating effect will be reduced and lesser cooling or no cooling will be 

required; all of this will reduce power requirement. Also, radiation measurements 

must be monitored continuously so that operators should not increase the transmitted 

power during the peak period and also to check whether it exceeds permissible limit. 

In modern world, since it is almost impossible to live without wireless 

telecommunication systems, we have to be aware of its health impacts and as such stricter 

rules and regulations on Mobile/Cell tower erection should be enforced as prescribed 

by Telecom Regulatory Authority of India (TRAI). It is highly recommended that 

children are limited to use of mobile phone and be shielded from continuous 

exposure from RF Radiation and minimizing cell phone use for long duration, and to 

avoid  continuous exposure to the public as a whole, which can be achieved by 

maintaining time, distance and shielding. 

Future Scope of Study: 

Five districts of Mizoram- Aizawl, Kolasib, Serchhip, Champhai and Lunglei 

Districts were covered by the researchers. For future studies of the work, the research 

can be carried out in the remaining districts like Saiha, Lawngtlai and Mamit 

Districts in order to have a road map for studying the health effects of RF Radiation 

from Mobile base stations. More in depth study may be taken at the Cellular level to 

find if there is any association between leukaemia, brain tumour, cancer and RF 

Radiation. 
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