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A B S T R A C T  

COVID-19 pandemic has caused an increased dependence on 

mobile phones by students and working professionals. Mobile 

phones are indispensable gadgets with a wide range of applications. 

However, there are potential risks associated with its usage in terms 

of radiofrequency radiation. The objective of this study was to 

evaluate the knowledge of radiation and its biological adverse 

effects caused due to the usage of mobile phones among students 

and working professionals. An online awareness survey was 

conducted during the COVID-19 pandemic among 351 

participants using Google forms. The questionnaire was 

disseminated to the WhatsApp groups of students and working 

professionals and the data was statistically analysed. Among the 351 

subjects, 72% of the respondents used their mobile phones for 

more than 4 hours per day. However, less than 20% were fully 

aware of mobile phone radiation being listed in the possible 

carcinogen list by the World Health Organization (WHO). In 

addition, only half of the respondents considered the Specific 

Absorption Rate (SAR) value and information on radiation 

emission while purchasing a new phone. To conclude, the need for 

awareness of potential hazards associated with the mobile phone 

radiation seems crucial, especially during this time when everyone 

in the world and especially school and college students are highly 

dependent on mobile phones. 
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1 Introduction 

In December 2019, a new virus was identified to cause illness ranging from the common cold to more 

severe diseases. The virus was named as “severe acute respiratory syndrome coronavirus 2 (SARS CoV-2).” 

Since its spread became rampant across the globe, the World Health Organization [1] declared it as 

pandemic on March 11, 2020. The first national lockdown of 21 days was announced on March 24, 2020, 

in India. This lockdown continued further until June 2020 and was lifted only for essential services with 

restrictions and guidelines thereon, while the schools and colleges remain closed until the writing of this 

paper. The lockdown has resulted in a sudden heavy reliance on mobile phones that enhanced teaching and 

learning during this pandemic [2]. Normal classroom turned into an e-classroom overnight and online 

teaching was not an option anymore. The new normal of “work from home and study from home” takes 

credit for this transition [3]. In a survey conducted by the National Council of Educational Research and 

Training (NCERT) during the lockdown, it was reported that over 84% of students rely on mobile phones 

for learning [4]. Though the usage of mobile phones has risen steeply, the perception of proper knowledge 

and awareness of the associated risks is scarce and thus it led us to the conception of this study. 

Mobile phones were earlier used primarily for making and receiving calls. However, in recent times, this 

smart technology has replaced the laptops by its wide range of applications from connectivity to education 

and business. The mobile phone is one of the most significant technological revolutions in human history, 

and it is not a mere hyperbole [5]. The widespread use of mobile phones has drastically increased over the 

past decade; they are no more restricted to one age group or a particular working-class people. According 

to the latest data from GSMA Intelligence [6], there are 5.10 billion unique mobile subscribers in the world 

with a 3.72% growth, year on year. The mobile industry connects over 3.5 billion people to the internet, 

which is approximately 47% of the global population. It is reported that approximately 90% of total internet 

users, use their mobile phones for internet access. The number of mobile phone users is consistently 

increasing every year because of its benefits and a wide range of applications. In recent years, especially 

among college and university students, mobile phones are becoming an integral part of their life with regard 

to academics and maintaining social relationships [7].  

Mobile phones emit low levels of non-ionizing radiation when in use. The radiation emitted is called the 

Radiofrequency (RF) radiation that are electromagnetic fields (EMF) having a frequency range between 

300KHz-300MHz. Radiofrequency energy is chiefly used in the telecommunication services and the 

common sources of this type of radiation apart from mobile phones are microwave ovens, radars, radio 

and television transmitters and transceivers [8]. Some of the emitted radiofrequency radiation is absorbed 

into our body, and the amount of energy absorbed depends on many factors like proximity of the device, 

duration and the strength of the signal. The energy absorption is usually measured in terms of Specific 

Absorption Rate (SAR). According to the Federal Communications Commission (FCC), SAR is a measure 

of the rate of radiofrequency energy absorbed by the body from the source, which in our case, are the 

mobile phones. It is expressed in units of watts per kilogram (W/Kg) or milliwatts per kilogram (mW/Kg) 

[9]. Each mobile phone that comes to the market is tested and given a SAR value rate at which the body 

absorbs the radiofrequency energies. Although SAR values are an important tool to decide the maximum 

possible exposure, the amount of RF radiation exposure significantly depends on typical usage conditions 

of each mobile phone as mentioned above. 

Several studies showed the association of mobile phones with a range of health problems that include 

headaches, sleep disturbances, neurological problems [10], [11] and male infertility [12]. In a review by Junji 

Miyakoshi, he showed the weak evidence for the genotoxicity caused by RF exposure, [13] however, Uslu 

et al. confirmed that RF radiation leads to significant direct genotoxic effects on Human Foetal cells [14]. 

Likewise, it has been demonstrated that radiation-induced chromosome exchanges increase according to 

SAR, conducting that SAR could affect DNA repair or alter cell death mechanisms [15].  

In addition, RF exposure has also shown to diminish the embryo development and their quality in Naval 

Medical Research Institute (NMRI) mice [16]. According to Li et al., several dysfunctions are associated 
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due to the extensive use of mobile phones like Parkinson’s disease or Alzheimer’s disease [17]. The more 

critical health hazard of mobile phone usage is the risk of cancer, which is extensively studied and highly 

debated. In May 2011, The International Agency for Research on Cancer classified mobile phones under 

Group 2B, ‘possibly carcinogenic to humans’. American Cancer Society stated that there could be some 

cancer risk associated, but the evidence was not strong enough to be considered causal. 

Since there is no concrete evidence that mobile phone radiation is safe to humans, people should pay more 

attention to the awareness of the potential hazards of mobile phone radiation. With the increasing use of 

mobile phones during this COVID-19 pandemic situation, this study purposed to evaluate the awareness 

and knowledge on possible health risks of mobile phone radiation among the students and working-class 

population through a cross-sectional survey. 

2 Methodology 

2.1 Questionnaire 

An online survey was conducted using a self-administered questionnaire. The questionnaire was carefully 

prepared based on the information available from the online literature databases and consisted of 30 

questions on the following sections; a) Personal information and information about mobile phones b) 

Perception and individual’s routine with mobile phone usage c) Awareness on potential health hazards and 

preventive measures. While the first section was to get the basic information of the responder pertaining 

to the survey, the latter two sections intended to evaluate the awareness of potential health hazards of 

mobile phones. 

2.2 Participants 

The questionnaire was circulated to the WhatsApp groups of students and working professionals using a 

Google form. Almost all of the participants were from the University where the study was conducted and 

351 participants responded to the online survey between August 2020 to September 2020.  

2.3 Statistical Analysis 

The data were analyzed using Microsoft Excel and SPSS. Descriptive measures such as frequency and 

percentage were presented for qualitative data and were analyzed using Chi-Square test/ Fishers Exact as 

appropriate. In addition, the proportion test comparison was used to find the statistical significance of each 

response in multiple-choice data. Statistical significance level was at 0.05. 

3 Results and Discussion 

351 participants responded to the questionnaire using the google forms, which included 141 males (40%), 

209 females (60%) and 1 participant who was not willing to disclose the gender identity. Out of 351 

responses, 259 responses (73.7%) were from students, and 92 responses (26.2%) were from working 

professionals. From the variety of mobile phone brands used by the participants, Redmi tops the list with 

83 (23.6%) participants using it, followed by Samsung with 74 (21.1%) participants. The different brands 

of mobile phones used by the respondents are represented in Figure 1.  
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Figure 1: Distribution of different mobile brands used by the respondent 

 

Among 259 students, 39.4% used their mobile phones more than 6 hours per day, and 37.5% used it for 4-

6 hours a day. In contrast, only 20% of working professionals (n = 92) used their mobile phones more than 

6 hours per day, as shown in Figure 2.  

 

 
Figure 2. Comparison of mobile phone usage between students and working professionals in a day. 
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In Tables 1 and 2, the responses to the questions on the individual's routine with the usage of mobile 

phones and awareness about the potential health hazards of mobile phone radiation are shown respectively.  

Table 1. The responses of the participants to the questions on an individual’s routine 

 with the usage of mobile phones. 

S No Questions Responses (n = 351) 

Students (n = 259) Working Professionals (n = 92) 

1 Checking your phone first thing in 

the morning after you wake up, 

while in bed. 

 

Yes 175 (67.6%) 

No 84 (32.4%) 
 

Yes 53 (57.6%) 

No 39 (42.4%) 
 

2 At what age did you start using a 

personal mobile phone? 

10-14 years 24 (9.3%) 

15-20 years 212 (81.9%) 

21+ years 23 (8.8%) 

30+ years 0 (0.0%) 
   

10-14 years 4 (4.3%) 

15-20 years 38 (41.3%) 

21+ years 22 (24.0%) 

30+ years 28 (30.4%) 
   

3 Where is the mobile phone kept 

while you are at work/ in your 

educational institution? 

Pant Pocket 108 (41.7%) 

Shirt Pocket 3 (1.2%) 

Bag 120 (46.3%) 

Other 28 (10.8%) 
   

Pant Pocket 40 (43.5%) 

Shirt Pocket 6 (6.5%) 

Bag 20 (21.7%) 

Other 26 (28.3%) 
   

4 Do you keep your phone in bed or 

near your head while sleeping? 

Always 81 (31.3%) 

Sometime 118 (45.5%) 

Never 60 (23.2%) 

  
 

Always 36 (39.1%) 

Sometime 27 (29.4%) 

Never 29 (31.5%) 

  
 

5 Do you know that wireless 

networks emit radiation? 

Yes 214 (82.6%) 

No 45 (17.4%) 
 

Yes 75 (81.5%) 

No 17 (18.5%) 
 

6 Do you believe that your phone has 

health hazards? 

Agree 166 (64.1%) 

Maybe 9 (3.5%) 

Disagree 84 (32.4%) 

  
 

Agree 60 (65.2%) 

Maybe 4 (4.4%) 

Disagree 28 (30.4%) 

  
 

 

Table 2. The responses of participants to the questions on awareness about the potential health hazards of 

mobile phone radiation and individual thought on preventive measures. 

S No Questions Responses ( n = 351) 

Students (n = 259) Working Professionals (n = 92) 

1 Phone usage can cause headache, 

sleep disturbance and loss of 

mental attention. 

Strongly disagree 17 (6.6%) 

Disagree 5 (1.9%) 

Slightly agree 39 (15.1%) 

Agree 122 (47.1%) 

Strongly agree 76 (29.3%) 
 

Strongly disagree 6 (6.5%) 

Disagree 5 (5.4%) 

Slightly agree 27 (29.3%) 

Agree 31 (33.7%) 

Strongly agree 23 (25.0%) 
 

2 Are you aware that your phone 

emits a lot of radiation when it has 

very less charge? 

Yes 165 (63.7%) 

No 94 (36.3%) 
 

Yes 70 (76.1%) 

No 22 (23.9%) 
 

3 Are you aware that 50-minute 

mobile phone exposure is 

associated with increased brain 

glucose metabolism? 

Yes 94 (36.3%) 

No 165 (63.7%) 
 

Yes 26 (28.2%) 

No 66 (71.7%) 
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4 Do you know the mobile phone 

radiation for one hour causes 

morphological changes and 

increased fibroblast activity of the 

skin? 

Not aware 142 (54.8%) 

Somewhat aware 100 (38.6%) 

Very aware 17 (6.6%) 
 

Not aware 58 (63.0%) 

Somewhat aware 27 (29.3%) 

Very aware 7 (7.6%) 
 

5 Are you aware of the harmful 

effects of electromagnetic field on 

the normal activity of ovaries in the 

female reproductive system? 

Yes 127 (49.0%) 

No 132 (51.0%) 
 

Yes 38 (41.3%) 

No 54 (58.7%) 
 

6 Are you aware that pulsed 900-

MHz GSM mobile phone radiation 

affects the acrosome reaction, head 

morphometry and zona binding of 

human spermatozoa? 

Yes 89 (34.4%) 

No 170 (65.6%) 
 

Yes 24 (26.1%) 

No 68 (73.9%) 
 

7 Are you aware that in 2011, the 

World Health Organization listed 

mobile phone radiation as a 

possible cause of cancer? 

Not aware 75 (29.0%) 

Somewhat aware 130 (50.2%) 

Very aware 54 (20.8%) 
 

Not aware 39 (42.4%) 

Somewhat aware 46 (50.0%) 

Very aware 7 (7.6%) 
 

8 Are you aware that 5G internet 

speed poses an immense threat to 

human health? 

Yes 150 (57.9%) 

No 109 (42.1%) 
 

Yes 33 (35.9%) 

No 59 (64.1%) 
 

9 Despite knowing the risk, will you 

prefer faster, non-buffering 

network over your health? 

Yes 99 (38.2%) 

No 160 (61.8%) 
 

Yes 31 (33.7%) 

No 61 (66.3%) 
 

10 Are you aware of EMF blocking 

mobile-phone case available in the 

market? 

Yes 76 (29.3%) 

No 183 (70.7%) 
 

Yes 19 (20.7%) 

No 73 (79.3%) 
 

Notably, the student population started using a personal mobile phone at an early age as compared to 

working professionals (Table 1). When asked, 84 (32.4%) students and 28 (30.4%) working professionals 

disagreed to believing that mobile phones have health hazards. Table 2 demonstrates the range of questions 

relating to the awareness of mobile phone radiation and prevention measures. These questions were framed 

based on the information from the official website of the National Cancer Institute [18]. A significant 

percentage of respondents were unaware of the potential health risks of using a mobile phone. Only 7.6% 

of working professionals were very much aware of mobile phone radiation listed in the possible causative 

agent of cancer. More than 50% of both the students and working professionals are not aware of mobile 

phone radiation's impact on the human reproductive system (Table 2). Performance was the most 

influencing factor while purchasing a new mobile phone. This result was consistent with both the groups 

followed by cost, brand and camera specifications with close margins (Figure 3). Majority of the 

respondents (87.4%) agreed that limiting the usage of mobile phones would reduce or avoid exposure to 

radiation (Figure 4). 
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Figure 3. Overall and comparative analysis of the responses between students and working professionals to the 

question of factors that influence while purchasing a new mobile phone. *p values are from the Chi-square 

test/Fischer exact test 

Figure 4. Overall and comparative analysis of the responses between students and working professionals to the 

question of preventive measures to be taken to reduce or avoid radiation. *p values are from the Chi-square 

test/Fischer exact test 
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Next-generation technologies are developing through decades, and wireless network users are increasing 

day by day [19]. During the COVID pandemic, mobile phones played a crucial role in medicine and 

healthcare. Its applications extended from telemedicine to contact tracking through ‘Aarogya Setu’ which 

is an application developed by the National Informatics Centre, Government of India [20], while on the 

other hand, there was a changing pattern observed in the usage of mobile phone both in terms of frequency 

and overall duration. A cohort study on Italian children and adolescents showed significant increase in the 

average smartphone use during the pandemic. The study also discussed the adverse physical, psychological 

and social effects due to the changing patterns in the smartphone use among young people [21]. Our 

findings from this survey shows that the awareness of mobile phone radiation and its associated health 

hazards is still a milestone to be achieved. More than 30% of both students and working professionals 

agreed that they keep their mobile phones near the head while sleeping (Table 1). This is due to the lack of 

awareness, despite the fact that it is an easy prevention step to follow. Similarly, SAR value and radiation 

information is the least influencing factor (54.1%) among both students and working professionals 

(Figure 3). 

To the best of our knowledge, there are not many studies done to assess the awareness on mobile phone 

radiation associated risks across age, demographic and professional populations, especially in India. 

However, one similar study was performed to assess the awareness of mobile phone hazards among 

Malaysian medical school students a decade ago [22]. The study showed that almost 62% of students were 

aware of health hazards produced by the mobile phones and there was no significant difference observed 

in the perception between the males and females. This data was comparable with our survey results where 

64% of students and 65% of working professionals believed that mobile phone usage has health hazards. 

The study described the results of the awareness of common health hazards that are associated with the 

mobile phone usage, however, the perception of mobile phone radiation and its implicated health hazards 

were not discussed. Most of the respondents agreed that mobile phone usage caused headache, loss of 

mental attention and sleep disturbances. This result correlated with our survey findings, where majority of 

the students and working professionals agreed to these effects to be caused by mobile phones.  

Our results also showed that only 17.3% of the respondents were aware that mobile phones are listed as 

the possible carcinogen by the WHO. Other studies have also reported this insufficient knowledge 

concerning Specific Absorption Rates (SAR). They reported high level of cell phone usage and the 

participants experienced biological and sleep issues. Another distinct criterion addressed in these studies 

were the behavioural characteristics to which highly affirmative responses were obtained to the questions 

pertaining to presence of fatigue, lethargy, introversion and being aloof [9]. This is of particular clinical 

significance as the proximity and the position of the mobile phones directly influence the exposure of our 

body to the electromagnetic field and its associated health hazards. Mobile phone radiation increased the 

temperature of brain tissue when confronted with a mobile phone at a distance of 4 mm in an in vitro 

experiment setup [23]. Almost two-thirds of the respondents were not aware that 5G causes an immense 

threat to human health and more than 70% are unaware of EMF blocking mobile phone case availability 

in the market. Surprisingly, 38.2% of students and 33.7% working professionals agreed to prefer faster, 

non-buffering network to their health (Table 2).  

In a study that investigated the effect of increasing distance of cell phones on the temperature of central 

matter and gray matter of the brain tissue due to heat generated by RF waves reported significant negative 

correlation [23]. Recent researches demonstrate that exposure of RF-EMF in the brains of foetuses and 

children is a major concern as it inhibits the formation and differentiation of neural stem cells during neural 

development. It has also been reported that consistent exposure to high levels of RF-EMF affect the 

neurological, psychological and reproductive health in adults [24]. Manti et.al studied the effects of 

Universal Mobile Telecommunication System (UMTS) exposure on X-rays induced chromosomal 

aberrations in human peripheral blood lymphocytes. Although no significant variation was observed in the 

aberrant cells due to UMTS exposure, but the frequency of exchanges per cell increased under the impact 
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of SAR (2.0 W/kg). Hence SAR either influences the repair of X-ray induced DNA damage or alter DNA 

damage response and cell death pathways [15]. 

4 Conclusion 

It is unequivocally accepted that the dependency on mobile phones has seen a drastic increase, particularly 

during this COVID pandemic. Ranging from online classes for students to online tasks for working 

professionals, we are slowly moving into an era of 'work and study from home', and mobile phones have 

become an indispensable gadget. According to our survey, 72% (N = 351) use mobile phones more than 4 

hours per day. In contrast, only 54.1% consider SAR value and radiation information while purchasing a 

new phone. Only 17.3% of the participants said that they are aware of mobile phones being listed as a 

possible causative agent of cancer by FCC and WHO. Mobile phone is an asset for learning, occupation 

and communication, but its usage also poses a possible serious threat to the human health. Considering the 

fact that the future holds an immense increase in the exposure to electromagnetic radiations in the 

environment, there is an equally pressing need for increase in health assessment surveys and safety 

regulations against electromagnetic radiation. Therefore, we would like to conclude the survey emphasizing 

on the need for awareness on mobile phone usage and its potential health problems through various 

programmes and surveys. This will allow all of us to make informed choices and be vigilant on something, 

which is increasingly used by our children.  

5 Declarations 

5.1 Study Limitations 

One limitation foreseen in our study has been not to include participants from different professional 

domains and age groups. In addition, there could have been occurred a selection bias as the participants 

were recruited through the WhatsApp groups. However, since the participants responded through a unique 

link, our survey results provided a snapshot regarding the awareness level at the group of respondents.  
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