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Abstract— Mobile or cell phone communication is an integral part of our individual and social lives. The harmful 

effects of mobile tower radiation on human being are well-known but still inconclusive due to lack of sizable evidences. 

The mobile tower radiation power density has been measured in densely urban places of Kolkata and Gurugram and the 

locations, where the power densities are much higher than the Indian standards, have been shown in this work. Utilizing 

the maximum radiation power measured, HFSS simulation is run by constructing the models of adult human eye and child 

eye. The SAR values and the resulting increase in temperature are estimated within the eye by simulation and bioheat 

equation. Child’s eye is found to be much more vulnerable to the exposed mobile phone tower radiation than that in adult.  
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I. INTRODUCTION 
 

 The emergence of new component ‘mobile phone or cell phone tower radiation’ under the domain of 

environmental pollution is presently a key issue of research all over the World including our country India. Recent news 

published in the leading dailies show that there remains utter confusion throughout India regarding the health issues on 

mobile tower radiation. The residents of a number of housing complexes have been found to be fighting out with the 

telecom operators for removing mobile towers from their housing. A recent case study done by Kumar and Kumar (2009) 

highlighted the serious health damages even cancers due to the exposure of radiations GSM900 from the mobile base 

station towers.  Again, Repacholi (1998) found that pulsed radio waves within GSM frequency band could damage the cell 

membrane channels of organisms. Several studies on DNA breakage and cancer induction due to exposure to mobile 

tower and phone radiation have also been reported (Diem et al, 2005; Repacholi et al, 1997). Sabbah et al (2010), Lak and 

Oraizi (2013) carried out simulations to find the heating effect of brain due to mobile radiations. There the increase in 

temperature in human brain was found to be more than 0.10C for a SAR value of 1W/kg. The maximum increase in 

temperature was inside the skin and the fat tissues. In spite of that, a part of the researcher community does not believe 

that mobile phone radiation harms human being at all. This is mostly due to the inconclusive evidences and lack of wide 

ranging data (Lerchl and Wilhelm, 2010; Moulder et al, 1999). Actually the harmful effects of mobile tower radiation and 

mobile phone radiation are yet to be ascertained completely due to lack of comprehensive investigations in the crowded 

cities. In crowded cities flats, tall office buildings, hospitals etc are found to be exposed to mobile towers within a very 

close distance, even less than 100m or so. 

   

 In a recent study a large pool of mobile tower radiation data was collected very systematically at Gurugram, New 

Delhi and Kolkata (De and Bhattacharya, 2016). It was found that in a few densely public places of Gurugram and Kolkata, 

within a distance of 50m to 500m, the exposure amounted much larger than even the Govt. of India stipulated limit 

(Specific absorption ratio SAR ~1.6 W/kg over 1 g of tissue) and International Commission on Non-ionizing Radiation 

Protection (ICNIRP) limit (2W/kg over 10g of tissue). The radiation power was also found much larger than the Indian 

standard (450mW/m2) and even than the ICNIRP standard (4.5 W/m2). Using the code High Frequency Structure 

Simulator (HFSS) based on Finite Limit Time Domain (FDTD) method simulation was performed to find the thermal 

effect of maximum radiation measured on the adult human brain.   
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Using the measured peak radiation power, SAR was simulated to nearly 35 times of prescribed Indian standard 

and corresponding change in temperature within the head occurred by 0.520C for 30 minutes time. The increase of 

temperature could be increased if the exposure towards the mobile radiation had increased.  

 

 In this work, using the measured peak radiation power as mentioned above, the thermal effect has been compared 

in the adult and the child eyes. Children are also exposed in the home along with adults to the mobile tower radiation. 

However, rarely such study has been done in the past. Sharma and Lamba (2017) opine that since the sizes of the organs 

of children are smaller than that in adults, thermal energy absorption should be more. Therefore, children should be more 

vulnerable to cell tower radiation. But lack of corroborative studies enunciates the need of more research works in this 

topic. In this paper, an initiative has been taken to understand the vulnerability of human eyes to the electromagnetic 

radiation (frequency of 940 MHz) coming from cell towers. The comparison between the effect of radiation in the eyes of 

adult and child has also been drawn by a realistic simulation based on FDTD method using the invaluable inputs collected 

from experimental measurements.    

 

II. MATERIALS AND METHODS 
  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 Fig. 1.  HFSS simulated local SAR plot within the eye.. Left panel is the SAR plot for child eye. Right panel is for 

adult’s eye. The dipole antenna in the form of cylinder emitting radiations can also be seen near the eye. 

 

 The present measurement of GSM900MHz radio frequency power density was performed using the spectrum 

analyzer (Spectran HF 4040V3 with hyperlog antenna) in densely urban places in Kolkata, Gurugram and New Delhi. The 

measurement has been done according to the method given in Haumann et al (2002). All measurements are performed 

obeying Swiss BUWAL guideline (BUWAL, 2002) of measurement regarding the time of exposure, orientation of the 

detector etc.  The minimum detection limit of the spectran analyser used is 0.001µW/m2. The distances of the towers 

from the measurement sites were from 50m to 500m and all the data were taken in the crowded places. In a few places, 

more than one tower was also present in the locality within 50m-100m distance. 

The heat developed and temperature increased in the brain tissue is calculated from the bioheat equation:   

SAR
dt

dT
C  , assuming that the temperature increase is in the worst case, where all the electromagnetic energy is used to 

increase the temperature and any mechanism of heat dissipation is not present.  Here 
dt

dT  is the rate of increase of 

temperature with time t and C is the tissue specific heat). We also neglect the thermal conduction within the body (Miclaus 

and Bechet, 2007). 
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Distance variation of SAR in adult eye
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III. RESULTS AND DISCUSSIONS 
  

It is clear from Table I that the maximum peak mobile phone radiation power densities observed in many locations are 

much higher than the recommended values adopted by the Government of India. Remarkably, radiations are found in a 

few areas of Gurugram violating even the much-lenient ICNIRP norm. The name of the location ‘Barbeque Nation’ draws 

special attention as it has recently attracted news in leading newspapers regarding the widespread establishment of mobile 

phone towers and the protest thereby from the inhabitants against the use of those towers (Times of India, 2014).  Kolkata, 

in comparison to Gurugram, is found to be using mobile towers with radiation power density generally lesser but still 

contains locations with radiation much higher than the Indian standard as shown in Table I. The exceptionally high value 

of peak radiation power density as observed at multi-provider base station is alarming indeed. 

 

 The effect of this high radiation from mobile tower on human body is simulated using FDTD (Finite Difference 

Time Domain) method within the purview of electromagnetism. The major objective of the simulation is to calculate the 

heating effect in the human eye barring any kind of complicated internal structure.  Using HFSS, human eye (vitreous 

humor) model is developed and exposed to dipole radiation with frequency of 940 MHz and power of 13W. The wattage 

is the highest measured value of power in the study sites. Initially the effect is observed on adult eye in the shape of sphere 

of diameter 24 mm and the properties that of vitreous humor. Next similar eye model for child is developed in spherical 

shape with diameter 14.5 mm. The dielectric and thermodynamic properties of eye (vitreous humor) are shown in the 

Table II (References [14 and [15]). The reason for simulating only the vitreous humor part lies in the fact that  it is the 

largest structure in the eye. Fig. 1 shows the 10g SAR variation within the eyes of child and adult as surface plots. Fig. 2 

left panel shows the simulation results of the variation of SAR in adult eye, while the right panel is the variation of SAR in 

a child’s eye. The SAR is highest near the front side of the eye which is facing the dipole radiation and lowest in the 

opposite side. The Indian (2W/kg of 10g) and ICNIRP (1.6 W/kg of 1g) standards, both, falls much below the exposed 

SAR at least up to 17 mm distance from the front of adult eye and 6mm of child’s eye.  

 

 

 Fig.2.  HFSS simulated 10 g local SAR distribution as a function of distance in the eye from the front side nearest 

to the dipole antenna. Left: for adult eye. Right: for child’s eye. 
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Temperature increase in eye for 30 minute of  exposure
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TABLE I 

DIFFERENT PLACES OF GURGAON AND KOLKATA WITH VERY HIGH MOBILE TOWER RADIATION POWER. 

Places Location Peak radiation 

power density  

Number of towers 

and the distance from 

the tower 

Gurugram Taj Vivanta (near Siddharth 

Apartment) 

4W/m2 50 m 

Barbeque Nation 13W/m2 5 towers, 70 m  

MG Road Metro 1W/m2 50 m 

Kolkata Medica Hospital (Outside) 1W/m2 50m from 4 towers 

Medica Hospital (inside) 670µW/m2  

Big Bazar 2 W/m2 120m from 5 towers 

Apollo Hospital (out) 3 W/m2 50m  

Apollo Hospital (in) 1 mW/m2 200m 

 

 Fig. 3 shows the change in temperature within the human head due to the exposure of the mobile tower radiation 

for time duration of 30 minutes, calculated using bioheat equation (Sabaah, Dib and Nimer, 2010) as stated earlier. 

Temperature change observed is highest initially and gradually decreases thereafter. The rise in temperature due to thermal 

effect in adult eye is nearly 0.450C at the front of the eye. After that it falls rapidly up to a distance of 4 mm and thereafter 

the increment of temperature slope becomes almost constant up to the end of the 24 mm diameter size eye. The situation 

is alarming in case of a child’s eye. The rise in temperature is initially 0.780C, which is almost double than that in adult eye. 

However, the temperature falls drastically thereafter. The situation is also corroborated by the figures showing the SAR 

level within the eye. It is found that if the exposure time increases, the change in temperature would rise very fast, which 

may pose severe threat even to the human eyes, by increasing the temperature even more than 20C, the limit mentioned by 

WHO. The risk is much severe in case of a child as it shown here with the aid of simulations.  

 

TABLE III 

 

DIELECTRIC PROPERTIES AND SPECIFIC HEAT OF EYE STRCUTURE. 

 

 

 

  

 

 

 

 

  

 

Fig.3   Increase in temperature within the eye for 30 minutes of exposure to mobile tower radiation. The red line is the 

case of the eye of child and blue line is for the adult eye.  

 

 

 

 

Organ Relative permittivity Bulk conductivity 

(S/m) 

Mass density 

(Kg/m3) 

Specific heat C 

(J/K-kg) 

Eye (Vitreous 

Humor) 

68.9 1.67 1005 4047 
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IV. CONCLUSIONS 
 

 Cell phone communication is highly important for human beings in this modern era. This requires the setting up 

of mobile phone towers in the densely urban areas. In this paper the mobile phone tower radiation power densities have 

been measured at Kolkata and Gurugram and the locations where the power densities exceeded the limit setup by the 

Government of India have been shown. The maximum value (13W/m2) was found at Barbeque Nation of Gurugram 

within the 70m distance from 5 mobile towers. Kolkata is much cleaner than Gurugram, however a few places of the 

formar shown in the paper have also been exposed to the radiation much more than the ICNIRP standard. The examples 

are the outskirts of Medica Hospital, Apollo Hospital, Big Bazar etc. Using the highest value of the measured power, SAR 

value was simulated in an eye model-both for adult (24mm dia) and child (14 mm dia). The SAR value was found much 

larger than the limit setup by Indian Government at least up to 17mm in adult and 6mm in child from the front face of the 

eye near the dipole emitting the radiation. The temperature increase due to the thermal effect of radiation was found to be 

0.780C in child’s eye and 0.450C in adult eye for 30 minutes of exposure. The temperature was found to be decreasing 

drastically with the distance in the eye. The increase in exposure time may bring harmful effects in the eye due to thermal 

effects. Non-thermal effects are long term effects and not studied in this work. In conclusion, a child is more vulnerable to 

the damages due to exposure of mobile tower radiations than the adults.    
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