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Abstract: We report on the effects of RF (radiofrequency) radiation emitted by cellphones, on the efficiency of human eyes as affected 
by the thermal effects of this low frequency electromagnetic radiation. A number of 68 volunteer students from the faculty of optometry 
at Al-Neelain University, Khartoum, Sudan, were randomly selected for the purpose of this study. The ages of tested students ranged 
between 18 and 25 years, none of which complain of sight complications (vision or refraction). A questionnaire combined with vision 
and refraction tests was applied. It was found that apart from which side of the head cellphone was used, the majority (80%) complain 
no problems with vision acuity test, but in the contrary approximately 90% showed to complain from defects in refraction for both eyes. 
It was concluded that defects in the refraction of human eyes could be attributed to thermal effects of RF radiation emitted from 
cellphone during phone calls. Reduction of call duration when using cellphone in direct contact with the head was recommended. 
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1. Introduction  

RF (radiofrequency) waves characterized by their 
frequency, intensity of electric and magnetic fields, 
direction and polarization, are non-ionizing radiation 
with wavelengths longer than infrared radiation. They 
are used for mobile communication, broadcasting, 
radar, satellite communication, computer networks and 
other applications. 

Weak electromagnetic fields such as RF radiation 
emitted from mobile phones interact with the human 
body and affect the human tissues [1, 2]. Because the 
nature of the interaction between biological tissue and 
RF radiation is complex, the SAR (specific absorption 
rate) defined as the rate of RF radiation power absorbed 
per unit mass by any part of the body (in W/Kg), is used 
to measure the energy dose of RF radiation absorbed. 
SAR value depends on various factors such as: the 
nature of field (low or high frequency); distance and 
spatial orientation of the field relative to an object; 
object’s geometry, and water content of tissues. SAR 
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also varies according to the handset model, the 
transmission system technology (analog or digital), the 
distance between a user’s head and the handset antenna, 
and the distance from nearest base station [3]. 

Effects of RF and MW (microwave) radiation on 
biological tissues are mainly classified into thermal and 
non-thermal effects. The tissue temperature increase 
resulting from exposure to EMW (electromagnetic 
waves) is referred to as “thermal effects”. Heat 
generation depends on SAR value and power density of 
the emitted radiation [4]. These effects may cause 
disruption of cell function and development. A half 
hour exposure to high frequency, low intensity field 
within the SAR range of 1 W/kg to 4 W/kg body 
weight can raise temperature up to the 1 °C in adult 
healthy people [5, 6].  

Due to the drastic growth of wireless telecom and the 
wide use of cellphones worldwide, there has been 
important need for research effort to answer the 
question of safety and health effects of this emerging 
technology. During calls the most probable parts in 
human head that would be affected by exposure to 
RF/MW radiation are the ear, eye and brain. From 
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previous studies concerning the effect of RF/MW 
emitted from cellphones, Kojima et al. [7] studied the 
thermal effects on rabbit’s eyes exposed to microwave. 
One of the rabbit eyes was exposed to 2.45 GHz for 
20-60 min (180 W/kg). The results showed meiosis, 
conjunctiva congestion, corneal edema, increased light 
scattering of anterior shallow cortex in papillary area of 
lens. Loughran et al. [8] investigated the effects on 
human sleep. They indicated that mobile phone 
exposure prior to sleep may promote rapid eye 
movement and modify the sleep electroencephalogram 
in the first non-rapid eye movement sleep period. Due 
to Yao and his group electromagnetic noise could 
increase cultured HLECs (human lens epithelial cells) 
upon exposure to 1.8 GHz [9]. In addition, Demiral et 
al. [10] in 2012 studied the effect of EM radiation 
emitted by 3G (third generation) mobile phones on 
anti-oxidation and oxidative stress parameters in eye 
tissue and blood of rats. Buccella and coworkers [11] 
studied the effects of different RF sources on the SAR 
(specific absorption rate) and maximum temperature 
increase in the human eye using a new model of the 
human head and compared with an anatomical model 
of the visible human. 

The main objective of this work was to study the 
effects of RF emitted from cellphones on human eye 
function, specifically vision acuity and refraction. 
Extended call periods may increase the temperature of 
the user’s eye tissues and influence its natural 
functioning.  

2. Methodology 

A questionnaire included age, sex, period of time 
using the phone, side of head mostly used during calls, 
and the type of phone used, was designed and filled by 
68 adult volunteers who were randomly selected for the 
purpose of this study. Their ages ranged between 18 
and 25 years, and they all complain no historical eye 
disease. The cell phones used during the period of this 
study were of the type 3G. The minimum calls duration 
per day ranges from one minute to one hour for the 

selected volunteers. 
This scientific study is a double-blind and randomized 

to ensure that the study conducted without bias. 
Vision acuity and refractive error tests were 

conducted for all volunteers. Vision acuity was done in 
each eye separately. It was determined by the size of 
letters. 

Refractive error test determines how lenses focus 
light perfectly. Retinoscopy technique was used to 
obtain an objective measurement of the refractive error 
of the eye. The refractive error determined according to 
the movement of light with lenses axis 
(vertical/horizontal). The examiner uses to shine light 
into the eye and observed the reflection off the retina. If 
it is in the same direction as the axis, this had two 
probabilities: normal or hyperopia and they were 
distinguished by 1.5 lenses. If it is normal with the axis, 
then reflection value equals zero. For the hyperopia it 
is corrected by positive lens with certain value chosen 
from a “trail set” which contained several correction 
lenses with different values. If the movement of light 
with the lens axis was against then it would be 
diagnosed as myopia and this is corrected by negative 
lens value (i.e., -0.5). Data were then collected and 
tabulated. Excel computer program version (2010) was 
used for the analysis of the obtainable data. 

3. Results and Discussion 

Results obtained during this work are summarized in 
Figs. 1-5 below. They show the output of both vision 
and refraction tests. Generally most of the cellphone 
users use cellphones in contact to the right side of the 
head, which means that this side is exposed during 
calls more than the left side. Apart from this 80% were 
found to be of normal vision for both eyes, while only 
11.7% complain abnormality of vision acuity for both 
eyes as shown in Fig.1. In the contrary approximately 
90% of the cellphone users showed defects in the 
refraction test for both eyes, and only 3% complain 
defects in a single eye while the rest showed normal 
refraction. 
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Fig. 5  Detail
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