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The fourth generation (4G) smart phones handset emits extra radiation due to MIMO (multiple inputs and multiple outputs) 
systems than third generation (3G) smart phones handset. Present study was designed to compare and evaluate the detrimental 
effect of radiofrequency electromagnetic field (RF-EMF) radiation emitted from 3G & 4G cell phone on red blood cells 
(RBCs) through scanning electron micrograph (SEM). The Swiss albino mice were exposed to 3G mobile phone (SAR =0.406 
W/Kg & 0.562W/Kg for body and head respectively; average power density: 0.998 mW/cm2), and 4G mobile phone (SAR 
= 0.458 W/Kg & 1.520W/Kg for body and head respectively; average power density: 1.032 mW/cm2) during video call for a 
period of 4 hours/day for 120 days. Several morphological alterations were observed in the RBCs of both the exposed groups. 
SEM of RBCs has altered membrane. poikilocytosis, anisocytosis and macrocytosis were evident in both 3G & 4G groups. 
The extents of alteration were higher in 4G exposed group. Interestingly, ost of the changes were recovered to normal after 
removal of exposure for 30 days. 
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INTRODUCTION 

The mobile phone has become an inseparable and 
necessary part of our life, which simultaneously raised the 
concern and research in order to determine the possible 
effect of electromagnetic radiation emitted by them 
(Odaci, 2008; Azmy et al., 2013). The electromagnetic 
fields (EMFs) radiated by these devices are absorbed by 
body tissues and cause the distress by interfering with the 
body’s own electromagnetic energy system (Ongel, 2007). 
The RBCs constitute about 99% particulate matter in the 
blood and transport oxygen to all parts of the body. RBCs 
have paramagnetic properties due to the iron containing 
hemoglobin molecules. The paramagnetic property of the 
RBCs may be affected by electromagnetic magnetic field 
(Ngelucci et al., 2010).  

Previous studies have also reported that EMF exposure 
from different sources may reduce permeability and 
elasticity of RBC membrane (Ali et al., 2003), alter the 
structure of hemoglobin (Yao et al., 2005), caused rouleaux 
formation (Singh et al., 2012; El-Bediwi et al., 2013) and 
can change the deformability and solubilization of RBCs 
membrane (Fadel et al., 1994). However, the studies 
involving the effect of radiofrequency radiation (RFR) 
of cell phones on RBCs are lacking and no comparative 

studies were reported so far. So, in this study we made an 
attempt to compare and analyze the health hazards of RF-
EMF radiation of 3G and 4G mobile phone on RBCs of 
Swiss albino mice. The study was further extended to note 
the recovery after removal of exposure. 

MATERIAL AND METHODS

Experiment was conducted after obtaining permission 
from institutional ethical committee (IEC), Maharaja 
Agrasen University, Baddi, Solan, HP (Approval No. 
MAU/SBAS/2019/206, Dated 10.10.2019). A total of 
thirty six (36), adult male Swiss albino mice of 6-8 weeks 
old were randomly divided into three groups having 
twelve mice in each group. Group I was used as control. 
The mice of Group II were exposed to 3G mobile phone, 
while Group III was exposed to 4G mobile phone, during 
video call from a distance of 6-8 cm for 4 hours/day for 
120 days. Mobile phones were programmed in auto 
answer mode. Similar mobile phone sets as well as same 
service provider were used for both the exposed groups 
(3G&4G). Control as well as experimental animals were 
exposed similar environmental conditions (temperature 25 
± 3°C, relative humidity of 60±10% and light & dark cycle 
of 12/12 hours),except the exposure field. After proposed 
exposure of 120 days, 50%  mice from each group were 
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Fig.1. Scanning Electron Micrograph of RBCs of Control mice (A, B) showing the normal shape (green arrow), 3G exposed mice 
(C,D,E,F) showing affected RBCs (red arrow), 4G exposed mice (G,H,I,J) showing affected RBCs (red arrow), RBCs of 30 days 
post irradiated 3G mice (K) showing the normal shape (green arrow) and 30 days post irradiated 4G mice (L)  showing the normal 
shape of RBCs (green arrow) and affected RBCs (red arrow).

sacrificed, while remaining 50%  mice were kept for 30 
days unexposed, to observe the recovery if any due to 
removal of radiation exposure. The experimental design 
and exposure conditions are shown in the Table.1 below. 

Sample Preparation For Sem Studies

The samples were prepared by using method of Clarence 
et al., (1974) and RBCs were separated using method 
of Czuprynski and Brown, 1998. For SEM, a drop of 
blood was directly fixed in 2.5% glutaraldehyde in 

phosphate buffer saline (PBS), pH 7.2 for 30 min and 
then centrifuged at 600g in REMI, 8C centrifuge at 
room temperature. The pellet was washed thrice in 10 
ml PBS, pH 7.2 after discarding the supernatant each 
time. Finally, the pellet was washed in triple distilled 
water three times. Suspension of cells in distilled water 
was placed on a silver foil over an iron stub. After air 
drying, stub was sputtered for 30 min in a sputterer and 
viewed in SEM (JEOL JSM-6100 scanning microscope) 
in Central Instrumental Laboratory, Panjab University 
Chandigarh at different magnifications. 
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RESULTS AND DISCUSSION

The health status of experimental animals can be easily 
determined by measuring blood parameters (Soud, 
2004). Moreover, the average size of RBCs can give 
a clear picture of its performance and efficiency (Al-
shaera, 1991). Red blood cells (RBCs) of the peripheral 
blood of control (C) and exposed groups (3G and 4G) 
were subjected to scanning electron microscopy to note 
the change in the surface of these cells as a result of 
exposure. The RBCs of control group of mice revealed 
normal size, shape and morphology under SEM. RBCs 
appeared biconcave and oval in shape (Fig.1.A&B). 
Several morphological alterations were observed in the 
RBCs of both the exposed groups. Most of the RBCs 
have abnormal shape (poikilocytosis). Some RBCs 
appeared unequal sized (anisocytosis) while few RBCs 
were bigger than normal size (macrocytosis). Bulging 
and protuberances were seen on surface of exposed 
red cells, some cells appear star shaped (Fig.1.C-J), 
which are consistent to previous studies, where EMR of 
video display unit (VDU) caused alteration in the RBC 
membrane (Singh and Bagai, 2013). Our results are also 
in agreement with Yong et al., (2013) who reported an 
increase in the total surface area of RBCs from 42.6 μm2 
to 42.7 μm2 after exposure of 900 MHz RF-EMF radiation 
for 30 minutes. An in vitro study by Raoof, N. K., (2019) 
reported change in the morphology of RBCs due to 20 
mins pulsed magnetic field (PMF) exposure at 50 Hz and 
intensity of 20 gausses.

In another study, Mariam et al., (2012) confirmed the 
altered shape of cell membrane and sizes of RBCs in 
male Balb/c mice when exposed to two types of mobile 
phones (Alcatel, Nokia) for longer duration. Similarly, 
Ali et al., (2003) reported that the exposure of 50 Hz, 0.2 
mT magnetic fields to animals reduce RBCs membrane’s 
elasticity, permeability and changes the structure of 
hemoglobin. Ali (2007) reported a significant decrease 
in permeability and elasticity of RBC membrane during 
Magnetic Resonance Imaging (MRI), but after post 
MRI recovery was noticed. Rifat et al., (2014) reported 
poikilocytosis, spherocytosis, hemolysed and distorted 
shape of erythrocytes in Swiss albino mice on exposure 
to 10 GHz microwave (MW) for 2h/day for 30 day, which 
further support our experimentation. RBCs permeability 
due to mechanical membrane disturbance was reported 
on exposing RBCs to 18 GHz EMF (Nguyen et al., 
2017). The outcome of present study confirmed that the 
RBCs were substantially affected by the mobile phone 
radiations and further reported that the extent of damage 
was more in 4G exposed groups. Most of the above 
changes normalized up to greater extent upon removal of 
exposure for one month (Fig.1.K&L).

CONCLUSION

We reported alteration in the shape, size and membrane 
of RBCs as a result of exposure to mobile phone radiation 
emitted from 3G & 4G cell phone on red blood signifying 
harmful nature of these radiations. The effect was more 
profound in 4G exposed group. Interestingly, most of 
the changes were recovered to normal after removal 
of exposure for 30 days.  However further research is 
required involving other tissues of the body and to specify 
the time for complete recovery of exposed tissues.
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