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The manuscript reveals that the high-frequency electromagnetic radiations emitted from transmission towers affect birds' 
health. As the number of mobile phones is increasing rapidly, this radiation is present almost everywhere in the environment. 
This study uses a theoretical model based on Maxwell's equations to evaluate the thermal effects of electromagnetic radiation 
(EMR) of 3.5 GHz to 5.5 GHz frequency on avian skin. When birds fly from 1 to 10 m around a mobile phone tower, the 
electric field intensity is decreased by 90%. The results of the Specific Absorption Rate (SAR) inside the skin of avian show 
that its value is directly proportional to the frequency of the incident electromagnetic wave. The change in temperature in the 
skin tissue is calculated for the electromagnetic wave exposure duration of 1 to 15 min. At a frequency of 5.5 GHz and 1 m 
from a transmission source, the SAR reached 27.65 W/kg, and the skin temperature increased by up to 7.11°C after 15 min of 
exposure, indicating significant bioeffects. This study aids in the protection of birds by evaluating the thermal effects of 
electromagnetic radiation exposure and contributes to establishing safer exposure limits. 

Keywords: Electric Field, Epidermis of Bird’s skin, Electromagnetic waves, Frequency, Specific Absorption Rate (SAR), 
Thermal effect 

1 Introduction 
In the current era, mobile phones have become an 

indispensable part of daily life. We cannot imagine our 
lives without cell phones. According to our 
requirements, the number of mobile phone towers has 
increased in the last two decades. Many studies show 
that as the number of mobile towers increased, the 
population of birds decreased gradually1-3. The 
electromagnetic (EM) field generated from the high-
frequency electromagnetic radiations (EMR) directly 
affects the brain of birds, due to which birds lose their 
ability to navigate4. The high-frequency EM radiations 
refer to radio waves ranging from 3 Hz to 300 GHz. In 
this manuscript, we studied the effects of high-
frequency non-ionizing electromagnetic waves on the 
epidermis layer of birds. In this study,  
high-frequency EM radiations are defined as radiation 
in the 3.5 GHz to 5.5 GHz range, particularly used in 
5G communication. The epidermis is the outer surface 
of a bird’s skin. Due to the lightweight and thinner skin 
layers as compared to humans, birds are also 
susceptible to EM radiation. As the electromagnetic 
waves radiated from the mobile phone towers affect 
human beings, the radiations also affect the birds5. 

When radiation strikes the bird’s body, an electric field 
is induced within the body. Consequently, the body 
absorbs the radiation. The energy absorption of 
radiation varies across different body parts, depending 
on the frequency of the incident radiation. If the energy 
absorption becomes excessively high, it poses a health 
hazard to birds. In this manuscript, the Specific 
Absorption Rate (SAR) is calculated to find out the 
absorption of energy per unit mass inside the bird's 
body. The growth in the source of EM radiation, such 
as mobile phone towers, has raised concerns about its 
environmental impact on avian species. The 
electromagnetic radiations emitted by mobile towers 
also disrupt biological processes such as reproduction 
and feeding behaviors of birds, interfering with the 
navigational abilities of birds7. A survey was conducted 
on the avifaunal diversity from January 2022 to 
December 2022 in the urban area of the Aligarh region. 
This survey exposed that the avifaunal species 
experience various harmful health effects, such as 
changes in behavior, distorted breeding, feeding, and 
migration rates8. The long-term exposure to high-
frequency EM waves can be the cause of oxidative 
stress within cells, leading to potential tissue damage 
and continuous health issues. The impacts of EM 
waves are not the same on all the organs of the birds, 
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but they vary with the electrical properties, such as 
conductivity and permittivity, of the tissues. These 
effects are magnified for birds nesting or perching 
close to mobile towers. This frequency band was 
selected based on typical operating conditions of 
communication systems and regulatory standards, 
ensuring relevance to real-world scenarios. The effects 
of electromagnetic rays on a bird’s skin at different 
distances from the tower are calculated. Calculating 
temperature rise in the birds’ skin through SAR 
analysis is a novel approach rarely addressed in 
existing research. This research highlights the need for 
regulatory bodies to mitigate the environmental impact 
of mobile telecommunications infrastructure. 

2 Review of Literature 
The radio frequency (RF) radiation may harm 

living organisms like avian just like human beings. 
When these waves penetrate inside the bird’s skin, 
they affect internal organs and tissues. When the bird 
flies in the area where mobile towers are present, they 
are highly affected by these radiations9. Radio 
frequency waves affect the bird’s skull, which 
distracts them from finding their path to fly. The 
magnetic field produced by electromagnetic waves 
affects the brain of the birds, which can cause the 
death of birds 10,11. Birds are very sensitive to electric 
and magnetic field radiation. When birds come across 
the region of the electric field generated from the 
electromagnetic waves, some part of the field 
penetrates inside the outer layer of the avian’s body, 
due to which a voltage drop across the tissues and 
cells occurs. As a result, some stress is developed 
inside the bird’s skin. This stress may cause many 
diseases in the birds.  The EMR damages the eggs and 
embryos of birds. It has also been observed that due to 
the effects of EM waves, the plumage of birds gets 
discolored. The discoloration of the plumage is the 
main symptom of illness and stress in birds12. As a 
result, the electromagnetic radiation is very harmful to 
the birds, so we have to take this matter very 
seriously. As per some researchers, mobile phones 
should be used for the lowest possible time. Also, 
make sure that the EM frequency range that we are 
using is within the permissible limit. The prolonged 
exposure to high-frequency EM fields can damage the 
immune system of birds, which can make them more 
susceptible to diseases13. This weakened immune 
response may accelerate the decline in bird 
populations in densely populated areas of mobile 
phone towers. The thermal effects of EM radiation 

can cause stress in birds, specifically smaller species 
with lower body mass. The thermal change in the 
body of birds due to the EM radiation for various 
periods of exposure time has also been calculated. 
Some studies have indicated that electromagnetic 
exposure can induce oxidative stress in birds. Which 
can result in the generation of free radicals. These free 
radicals can cause cellular damage and impair vital 
functions14. The navigational ability of birds depends 
on the Earth’s magnetic field, which is strongly 
disrupted by the artificial magnetic field produced by 
the EM sources15. This disorientation affects the 
migration patterns, breeding cycles and survival rates 
of birds. It is discussed in a previous study that further 
research is required to identify the specific 
frequencies and durations of exposure of non-ionizing 
electromagnetic fields on the environment and 
wildlife, including birds16. This suggestion is 
addressed in this manuscript. The thermal effect in the 
skin tissue for the chronic exposure of up to 15 minutes 
is calculated in this study. The chronic exposure is 
defined as long-term exposure of EM radiation, typically 
in the context of environmental exposure scenarios. In 
this manuscript, the effects of EM fields are analyzed 
using specific theoretical approaches.  

3 Materials and Methods 
To assess the biological effects of electromagnetic 

radiation on birds, theoretical calculations were 
conducted based on exposure levels near mobile phone 
transmission towers. We are considering the tower as a 
point source, and spherical radiations are emitted from it. 
Figure 1 shows the distribution of the electric field from 
a point source. The spherical radiation becomes plane 
after a particular distance is covered. 

When a bird sits near the transmission tower of the 
mobile phone, it will come under the influence of the 
field surrounding the transmission tower due to EMR. 
The field (E0) around the tower is determined by 

Fig. 1 — Emission of electromagnetic waves from the point
source 



INDIAN J PURE APPL PHYS, VOL. 63, JUNE 2025 538

E଴ = 7.74√Px 	… 	(1) 
The power of the transmission tower is denoted by 

P and ݔ represent the distance of the bird from the 
tower. The power P used for the mobile tower is taken 
as 200 W, which is based on the current 5G network. 
The field around the tower becomes ܧ଴ = ଵ଴ଽ.ହସହ௫ 		… (2) 

The above-given electric field is incident on the 
skin of the bird. The field penetrates inside the skin of 
the bird. The field inside the epidermis layer of the 
skin of birds is given by E୞ = E଴e(ି୞ ஔൗ ) 			…(3) 

where EZ and E0 represent the penetrated and 
incident electric field, respectively. δ represents the 
skin depth, which depends on the frequency of the 
incident wave. The calculations have been made for 
the EM waves spectrum radiated from the mobile 

phone and towers. The energy absorbed per unit mass 
by the skin tissue is given by 

ܴܣܵ  = 	 ఙாೋమఘ 	… (4) 
 

Where σ & ρ are the conductivity and mass density 
of the bird’s skin tissue. The heating effect in the skin 
tissue due to the exposure to EM radiation is given by  ∆ܶ = 	ݐ∆ ܴܣܵ ⁄ܥ 			 	… 	(5) 
∆T represents the change in temperature in the 

epidermis layer of skin, C is the specific heat of the 
tissue, which is taken as 3500 J/kg0C and ∆t is the 
exposure period of the EM radiation. This study 
examines the heat produced in the skin tissue for the 
chronic EM exposure for the period of 1-15 minutes. 

4 Observations 
The calculated values of the parameters, including 

the electric field, SAR, and change in temperature 
variation following EM radiation exposure, were 
calculated using Eqs 1–5. The resulting values are 
presented in Tables 1-5. 

Table 1 — Change in temperature inside the epidermis layer of a bird’s skin due to the exposure of EM radiation of frequency 3.5 GHz 

External 
Electric 

field(E0) V/m 

Distance from 
the tower 

(m) 

Penetrated electric field 
(V/m) inside bird’s  
skin at the depth of  

1 µm 

Specific Absorption rate 
(W/Kg) inside bird’s  
skin at the depth of  

1 µm 

Change in temperature ∆T (C) for various  
exposure durations 

1 min 5 min 10 min 15 min 

109.545 1 109.538 16.11 0.28 1.38 2.76 4.14
54.772 2 54.769 4.03 0.07 0.35 0.69 1.04
36.515 3 36.513 1.79 0.03 0.15 0.31 0.46
27.386 4 27.385 1.01 0.02 0.09 0.17 0.26
21.909 5 21.908 0.64 0.01 0.06 0.11 0.17
18.257 6 18.256 0.45 0.01 0.04 0.08 0.12
15.649 7 15.648 0.33 0.01 0.03 0.06 0.08
13.693 8 13.692 0.25 0.00 0.02 0.04 0.06
12.172 9 12.171 0.20 0.00 0.02 0.03 0.05
10.954 10 10.954 0.16 0.00 0.01 0.03 0.04

Table 2 — Change in temperature inside the epidermis layer of a bird’s skin due to the exposure of EM radiation of frequency 4.0 GHz 

External 
Electric 
field(E0)  

V/m 

Distance from 
the tower 

(m) 

Penetrated electric field 
(V/m) inside the  
bird’s skin at a  
depth of 1 µm 

Specific Absorption rate 
(W/Kg) inside the bird’s 

skin at a depth of  
1 µm 

Change in temperature ∆T (0C) for  
various exposure durations 

1 min 5 min 10 min 15 min 

109.545 1 109.538 18.63 0.32 1.60 3.19 4.79
54.772 2 54.769 4.66 0.08 0.40 0.80 1.20
36.515 3 36.513 2.07 0.04 0.18 0.35 0.53
27.386 4 27.385 1.16 0.02 0.10 0.20 0.30
21.909 5 21.908 0.75 0.01 0.06 0.13 0.19
18.257 6 18.256 0.52 0.01 0.04 0.09 0.13
15.649 7 15.648 0.38 0.01 0.03 0.07 0.10
13.693 8 13.692 0.29 0.00 0.02 0.05 0.07
12.172 9 12.171 0.23 0.00 0.02 0.04 0.06
10.954 10 10.954 0.19 0.00 0.02 0.03 0.05



CHOUDHARY et al.: EXPOSURE TO HIGH-FREQUENCY NON-IONIZING EM RADIATION ON AVIAN SKIN 539

Table 3 — Change in temperature inside the epidermis layer of a bird’s skin due to the exposure of EM radiation of frequency 4.5 GHz 

External 
Electric 

field(E0) V/m 

Distance from 
the tower 

(m) 

Penetrated electric field 
(V/m) inside the bird’s 

skin at a depth of  
1 µm 

Specific Absorption 
rate (W/Kg) inside  
the bird’s skin at a  

depth of 1 µm 

Change in temperature ∆T (0C) for  
various exposure durations 

1 min 5 min 10 min 15 min 

109.545 1 109.536 21.48 0.37 1.84 3.68 5.52
54.772 2 54.768 5.37 0.09 0.46 0.92 1.38
36.515 3 36.512 2.39 0.04 0.20 0.41 0.61
27.386 4 27.384 1.34 0.02 0.12 0.23 0.35
21.909 5 21.907 0.86 0.01 0.07 0.15 0.22
18.257 6 18.256 0.60 0.01 0.05 0.10 0.15
15.649 7 15.648 0.44 0.01 0.04 0.08 0.11
13.693 8 13.692 0.34 0.01 0.03 0.06 0.09
12.172 9 12.171 0.27 0.00 0.02 0.05 0.07
10.954 10 10.954 0.21 0.00 0.02 0.04 0.06

Table 4 — Change in temperature inside the epidermis layer of a bird’s skin due to the exposure of EM radiation of frequency 5.0 GHz 

External 
Electric 

field(E0) V/m 

Distance from 
the tower 

(m) 

Penetrated electric field 
(V/m) inside the  
bird’s skin at a  
depth of 1 µm 

Specific Absorption 
rate (W/Kg) inside  
the bird’s skin at a 

depth of 1 µm 

Change in temperature ∆T (C) for various  
exposure durations 

1 min 5 min 10 min 15 min 

109.545 1 109.535 24.45 0.42 2.10 4.19 6.29
54.772 2 54.767 6.11 0.10 0.52 1.05 1.57
36.515 3 36.512 2.72 0.05 0.23 0.47 0.70
27.386 4 27.384 1.53 0.03 0.13 0.26 0.39
21.909 5 21.907 0.98 0.02 0.08 0.17 0.25
18.257 6 18.256 0.68 0.01 0.06 0.12 0.17
15.649 7 15.648 0.50 0.01 0.04 0.09 0.13
13.693 8 13.692 0.38 0.01 0.03 0.07 0.10
12.172 9 12.171 0.30 0.01 0.03 0.05 0.08
10.954 10 10.953 0.24 0.00 0.02 0.04 0.06

Table 5 — Change in temperature inside the epidermis layer of a bird’s skin due to the exposure of EM radiation of frequency 5.5 GHz 

External 
Electric 

field(E0) V/m 

Distance from 
the tower 

(m) 

Penetrated electric field 
(V/m) inside the bird’s 
skin at a depth of 1 µm 

Specific Absorption rate 
(W/Kg) inside the bird’s 
skin at a depth of 1 µm 

Change in temperature ∆T(0C) for 
various exposure durations 

1 min 5 min 10 min 15 min 

109.545 1 109.533 27.65 0.47 2.37 4.74 7.11
54.772 2 54.767 6.91 0.12 0.59 1.19 1.78
36.515 3 36.511 3.07 0.05 0.26 0.53 0.79
27.386 4 27.383 1.73 0.03 0.15 0.30 0.44
21.909 5 21.907 1.11 0.02 0.09 0.19 0.28
18.257 6 18.256 0.77 0.01 0.07 0.13 0.20
15.649 7 15.648 0.56 0.01 0.05 0.10 0.15
13.693 8 13.692 0.43 0.01 0.04 0.07 0.11
12.172 9 12.170 0.34 0.01 0.03 0.06 0.09
10.954 10 10.953 0.28 0.00 0.02 0.05 0.07

5 Results and Discussion 
When the bird is sitting at various distances from 

the source of EM waves, like mobile phone 
transmission towers, the effects of EM waves on the 
bird’s health are different. The wave will incident on 
the body and penetrate inside the epidermis layer of 
the bird’s skin. The electric fields about the 

transmission towers and the field entered inside the 
bird's body are determined in this study. The variation 
of the electric field at various distances from the 
mobile phone towers is computed and represented in 
Fig. 2. This figure also represents the produced 
electric field around the tower and shows that it 
continuously decreases with distance from the tower. 
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If we observe the result concerning the flying birds, it 
is observed that the electric field is decreased by 90% 
if birds are flying from 1 to 10 m around the tower. 
This study evaluates the interaction of EM waves of 
various frequencies with the epidermis layer of the 
bird’s skin. The interaction is analyzed by calculating 
the parameters, including the penetrated electric field, 
SAR, and change in temperature (∆T) inside the 
epidermis layer of the bird’s skin.  

The calculations of the electric field have been 
made when the EMR of 3.5 GHz is penetrated inside 
the skin at a depth of 1 µm and are represented in 
Table 1. It is observed that the incident electric fields 
are reduced by 0.0062% inside the epidermis layer.  

This reduction trend is steady across all distances 
(1 m to 10 m) studied. The energy absorption by the 
bird’s body is decreased with increasing distance from 

the cell tower. The SAR value is calculated inside the 
skin to find out the energy absorption by the skin. SAR 
is proportional to the square of the penetrated electric 
field. A reduction in the SAR value is obtained with 
increasing distance from the tower. The SAR is 
decreased from 16.11 W/kg to 0.16 W/kg as the bird 
moves from 1 m to 10 m away from the tower, 
respectively. These observed values determine that the 
energy absorption is highest near the tower and 
decreases with increasing distance. The change in 
temperature (∆T) in the skin tissue is also calculated 
for exposure periods of 1-15 minutes. A direct 
correlation is obtained between the exposure period 
and the increase in temperature, which is shown in 
Fig. 3. The observations at 1 m away from the tower 
represent that the temperature rise is 0.28 °C for the 
EM radiation exposure of 1 minute, 1.38°C for 5 min, 
2.76 C for 10 min, and 4.14 °C for 15 min. The 
temperature rise is less due to the reduced electric field 
and SAR values. The temperature rise is highest near 
the tower and decreases with distance from the tower. 

It is observed from Table 2 that the value of the 
electric field increases when the EM waves of 
4.0 GHz incident on the epidermis skin layer of birds. 
At a distance of 1 m, the SAR for bird skin reaches 
18.63 W/kg, while the value at 10 m stands at 
0.19 W/kg. The electromagnetic absorption levels for 
birds are tremendously higher when they are near the 
tower. The exposed skin of birds experiences its most 
significant temperature elevation to 4.79°C at 1 m 
proximity while showing a minimal temperature rise 
of 0.05°C at 10 m. It is observed from Fig. 4 that the 
study shows that birds near electromagnetic towers 
can develop thermal stress as well as tissue damage 

Fig. 4 — The change in temperature inside the epidermis layer of
a bird’s skin due to the EM exposure of 4.0 GHz, concerning the
distance from the tower 

Fig. 2 — Variation of Electric Field around the high-frequency
mobile phone tower 

Fig. 3 — The change in temperature inside the epidermis layer of
a bird’s skin due to the EM exposure of 3.5 GHz, concerning the
distance from the tower 
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through a long-duration exposure. The SAR, together 
with temperature elevation, becomes much lower 
when subject to distances exceeding 5 m, which leads 
to reduced biological damage potential. Birds must 
stay away from high electromagnetic field areas to 
reduce risks, and they need to limit their time under 
such radiation. 

When EM waves of frequency 4.5 GHz are 
incident on the body of birds, the calculated 
parameters are represented in Table 3. When a bird is 
flying 1 to 10 m around the mobile phone tower, the 
electric field is reduced by 0.0083% compared to the 
incident field inside the epidermis at a depth of 1 µm. 
The decay in the electric field is nearly the same 
around the tower from 1 m to 10 m. The calculations 
of SAR and temperature change have also been made 
when the EMR of 3.5 GHz is penetrated inside the 
skin at a depth of 1 µm and are represented in 
Table 1. The energy absorption per unit mass by the 
bird’s skin is 21.48 W/kg at 1 m and reduced to 0.21 
W/kg at 10 m. It is obtained that the energy 
absorption increases as the frequency of the incident 
wave is increased. The temperature change increases 
with the duration of exposure to EM radiation, as 
represented in Fig. 5. At a distance of 1 m from the 
tower, the temperature change is 0.37°C for 1 minute 
and rises to 5.52°C for 15 min of exposure duration at 
1 µm depth inside the skin of birds. It is also observed 
that the temperature rise is also increases with the 
exposure duration and frequency. 

The electric field produced by the interaction of 
5.0 GHz electromagnetic radiation with birds has 

been calculated. The statistical investigation shown in 
Table 4 indicates that the tower proximity affects both 
the external electric field (E₀) and the penetrated 
electric field inside the bird’s skin. The SAR value 
demonstrates its value of 24.45 W/kg at a 1-meter 
distance, which reduces to 0.24 W/kg at a 10-meter 
distance. The SAR analysis indicates that the birds 
located near electromagnetic sources such as towers 
absorb more energy. The maximum temperature 
change (∆T) reaches 6.29 °C after 15 min of exposure 
at a 1m distance, while the temperature rise at 10 
meters is limited to 0.06 °C. The variation of 
temperature change with EM exposure duration is 
given in Fig. 6. The research establishes that birds that 
encounter powerful electromagnetic fields near them 
are likely to experience severe thermal damage to 
their biology, which could result in cellular 
breakdown and disrupted metabolism. The change in 
SAR along with the temperature rise results in a 
significant drop, followed in lower safety risks. The 
research demonstrates that individuals must stay at a 
sufficient distance from strong electromagnetic field 
areas to reduce possible harmful biological 
consequences. 

Table 5 represents the penetrated electric field, 
SAR and change in temperature in the bird’s skin 
tissue when exposed to EM radiations of 5.5 GHz. 
These parameters are computed inside the skin at 1 
µm depth. The incident electric field is decreased by 
0.0109 % inside the epidermis when a bird is 1 to 
10 m away from the cell tower. SAR value is directly 
proportional to the incident electric field. Therefore, 

Fig. 5 — The change in temperature inside the epidermis layer of
a bird’s skin due to the EM exposure of 4.5 GHz, concerning the
distance from the tower 

Fig. 6 — The change in temperature inside the epidermis layer of
a bird’s skin due to the EM exposure of 5.0 GHz, concerning the
distance from the tower 
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the SAR value is higher near the tower and decreases 
with distance. The SAR value is 27.65 W/kg and 
reduces to 0.28 W/kg from 1 m to 10 m away from 
the mobile phone transmission tower. It is also 
observed that the amount of absorbed energy has a 
direct correlation with incident frequency. The rise in 
temperature in the skin tissue (∆T) is directly 
proportional to the SAR value. The higher SAR 
values inside the skin, the more heating in the tissue is 
observed. The rise in temperature of 0.47 °C in the 
skin tissue is observed for an exposure duration of 1 
min, and it increases to 7.11°C with the prolonged 
exposure of 15 min, which is shown in Fig. 7. A 
limitation of this study is that it does not consider a 
specific bird species; rather, the rise in temperature in 
the skin was calculated using generalized values 
applicable to birds in general. 

6 Conclusion 
The variation of the electric field around the mobile 

phone transmission tower is calculated. It is 
concluded from the above analysis that the external 
electric field is decreased by 90 % from 1 to 10 m 
around the tower. It is also obtained that as the 
frequency of the incident wave is raised, the external 
electric field, SAR value, and tissue heating are also 
increased. The electric field generated from the high-
frequency transmission tower is 109.545 V/m at 1 m 
about the cell tower, which is very high as per the 
ICNIRP (International Commission on Non-ionizing 
Radiation Protection) guidelines for electric field17,18. 
When electromagnetic waves are incident on a bird’s 

skin, the energy is absorbed by the epidermis layer. 
The SAR value indicates that the amount of absorbed 
energy is much less than the amount of energy. The 
impact of the electric field decreases with the increase 
in the distance of the bird from the tower. As the 
incident electromagnetic waves enter inside the body, 
an electric field is induced into the organs of the birds. 
The reduction in the external electric field inside the 
skin tissue shows its absorptive property. This 
diminution is vital to understanding the interaction of 
EM waves with biological tissues. The measured SAR 
values indicate that the energy absorption is highest 
near the source of EM radiation and diminishes with 
distance. The calculated temperature rise provides the 
thermal effects of EM wave exposure on bird skin. 
While the temperature increases at short distances and 
for a prolonged exposure duration. This temperature 
rise diminishes with distance from the source. It is 
crucial to understand the interaction of EM radiation 
with biological tissues for evaluating the potential 
risks to the health of birds. 

It is also concluded that the electric fields induced 
around the transmission tower are harmful to the 
bird’s skin. The penetration of high-frequency 
electromagnetic waves inside the skin cells and other 
body organs of birds represents the cause of many 
diseases in birds. The close proximity to 
electromagnetic sources results in more energy 
absorption and heating in the bird’s skin tissue. The 
tissue heating may potentially affect the biological 
functioning of the body. These outcomes highlight the 
importance of maintaining a suitable distance from 
electromagnetic sources to mitigate potential thermal 
effects on biological tissues. It is recommended that 
transmission towers be situated away from areas with 
high avian populations to minimize potential biological 
impacts. The public awareness campaigns should be 
organized to minimize unnecessary mobile phone usage. 

References 
1 Arya A K, Durgapal M, Singh V & Bisht M, Arch Agric 

Environ Sci, 6 (2021) 249, https://doi.org/10.26832/245 
66632.2021.0602018. 

2 Arya A K, Joshi K K, Bachheti A, Raturi V, Dubey V P, 
Bhatnagar P & Rawat R,  J Environ Bio-Sciences, 34 (2020) 
107, https://connectjournals.com/03843.2020.34.107.  

3 Kumar M & Singh R K, World J Pharm Pharm Sci, 7 
(2018), doi: 10.20959/wjpps20186-11823  

4 Dandapat A, Banerjee D & Chakraborty D, Vet World, 3 
(2010) 97, https://www.cabdirect.org/cabdirect/abstract/ 
20103054772?start=200  

5 Preece AW, Hand J W, Clarke R N & Stewart A, Phys Med 
Biol, 45 (2000) 139, doi:10.1088/0031-9155/45/9/201.   

Fig. 7 — The change in temperature inside the epidermis layer of
a bird’s skin due to the EM exposure of 5.5 GHz, concerning the
distance from the tower source 



CHOUDHARY et al.: EXPOSURE TO HIGH-FREQUENCY NON-IONIZING EM RADIATION ON AVIAN SKIN 543

6 Bevanger K, Biol Conserv, 86 (1998) 67,  
doi: https://doi.org/10.1016/S0006-3207(97)00176-6.  

7 Balmori A, Pathophysiology, 16 (2009) 191, 
doi: https://doi.org/10.1016/j.pathophys.2009.01.007. 

8 Sharma A, Singh M, Gahlaut M & Kumar M, Ecol Environ 
Conserv, 29 (2023) 327, doi:10.53550/eec.2023.v29i03s.059. 

9 Everaert J & Bauwens D A, Electromagn Biol Med, 26 
(2007) 63, doi:10.1080/15368370701205693.  

10 Singh D R K, World J Pharm Pharm Sci, 6 (2017) 1221, 
doi:10.20959/wjpps20179-9989. 

11 Savereno A J, Savereno L A, Boettcher R & Haig S M, 
Wildl Soc Bull, 24 (1996) 636, http://www.jstor.org/ 
stable/3783152.  

12 Fernie K J & Reynolds S J, J Toxicol Environ Health B Crit 
Rev, 8 (2005)127, doi:10.1080/10937400590909022. 

13 Smialowicz R J, IEEE Engineering in Medicine and Biology 
Magazine, 6 (1987) 47, https://doi.org/10.1109/ 
MEMB.1987.5006375 .  

14 Mandelker L, Studies on veterinary medicine, eds. 
Humana Press, Totowa, 2011, 1, doi:10.1007/978-1-61779-
071-3_1.

15 Choudhary R & Kumar V, Disorientation of path od birds 
due to Electromagnetic waves, International Conference 
on Device Intelligence, Computing and Communication 
Technologies, Dehradun, India, 203-207 March 2023. doi: 
10.1109/DICCT56244.2023.10110192.   

16 Surendran N S, Siddiqui N A, Mondal P & Nandan A, 
Advances in air pollution profiling and control, eds. 
Springer, Singapore; 2020, 193, https://doi.org/10.1007/978-
981-15-0954-4_12.

17 Redmayne M & Maisch D R, Int J Environ Res Public 
Health, 20 (2023), doi:10.3390/ijerph20075267. 

18 International commission on non-ionizing radiation 
protection, Health Physics, 97 (2009) 257, doi: 10.1097/ 
HP.0b013e3181aff9.  


