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Abstract
As technology progresses and data demands have increased 
on mobile network, towns and cities have seen a number of 
towers increase sharply including 3G towers which work with 
larger bandwidths. The effect of radio waves emitted by the 
cell phone communication, especially with specific reference to 
human health, can be categorized as, thermal, non-thermal and 
genotoxical. In this paper, we have discussed the various effects 
of mobile phone radiations which are categorize as thermal and 
non-thermal effects.
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I. Introduction
Over the last decades wireless technologies have gained in 
importance. As a result, however, TV and radio stations are no 
longer the broadcasting sources that cause the highest exposure 
levels in residential areas; now it is cell phone base stations. Since 
wireless technologies of mobile phones and other communication 
networks have become big business. As technology progresses 
and data demands have increased on mobile network, towns and 
cities have seen a number of towers increase sharply including 
3G towers which work with larger bandwidths. Further as the 
costs of mobile technology have fallen, their uses have increased 
dramatically and the overall levels of exposure of the population 
as a whole have increased drastically. Our living environment is 
being swamped with electromagnetic fields that raise intensity 
levels and show a wide range of novel characteristics. Studies 
have shown that human beings are bio electrical systems. The 
heart and the brain are regulated by internal bioelectrical signals. 
Environmental exposures to EMF can interact with fundamental 
biological processes in the human body. According to WHO/
International Agency for Research on Cancer (IARC), there 
is the possibility that these exposures might induce long-term 
health effects, in particular an increased risk for cancer. This has 
relevance for public health, particularly for users of mobile phones, 
as the number of users is large and growing, particularly among 
young adults and children. 

II. Radiation Exposure
Radiation is a form of energy on the move. Radiation is 
electromagnetic in nature, i.e., it consists of waves of electric and 
magnetic energy moving together through space at the speed of 
light. There has been growing concern about the possible adverse 
health effects resulting from exposure to radiofrequency radiations 
(RFR), such as those from mobile communication devices. Mobile 
communication is where signal is transferred via electromagnetic 
wave through radio frequency and microwave signals. This system 
uses dual band, 900 and 1,800 MHz for communication. The 
cellular phone has to emit radio frequency energy at levels high 
enough to reach base stations (antenna towers). Since the energy 
is emitted as a microwave in the direct vicinity of the users head 
there are concerns about the safety of this technology.

This signal produces electromagnetic radiation in the form of 
thermal radiation that consists of harmful ionizing radiation and 
harmless non-ionizing radiation. When using mobile phone, 
electromagnetic wave is transferred to the body which causes 
health problems especially at the place near ear skull region 
where they are known to affect the neurons. When high frequency 
microwave radiation penetrates the body, exposed molecules start 
to move about and collide with each other. These collisions create 
friction and, thus, heat. This is known as “thermal effect,” which 
can cause serious, irreversible damage to human tissue. One of the 
main concerns associated with cell phone use is that the phone is 
pressed to the head. Since electromagnetic radiation shoots out at 
the speed of light in all directions, this radiation can penetrate up 
to two inches into your brain and can cause cancer [1- 4].

III. Specific Absorption Ratio (SAR)
A person’s exposure to a mobile phone is measured in terms of 
Specific Absorption Rate (SAR). This is a measure of the rate of 
energy deposition in a person’s body during a call and is expressed 
in watts per kilogram (W/kg) [22]. This measurement is used 
to determine whether a mobile phone complies with the safety 
guidelines. The SAR varies depending on the distance to the 
nearest base station and whether there are RF signal absorbing 
obstacles between the caller and the base station, such as buildings, 
tunnels etc. The SAR exposure from the mobile phone will be 
highest when the base station is distant and/or the user is in a 
building or a stationary vehicle that impedes the phone signal. 
The phone will then operate with maximum signal strength. The 
U. S. Federal Communications Commission (FCC) limit for RF 
radiation exposure from mobile phones is set at a SAR of 1.6 watts 
per kilogram (1.6 W/kg). ICNIRP recommends that the localized 
SAR in the head be limited to 2 W/kg averaged over any 10g mass 
of tissues in the head (0.02 W absorbed in any 10g mass of tissue 
in the head). The exposure limit takes in consideration with the 
body’s ability to remove heat from the tissues that absorb energy 
from the cell phone & is set well below levels known to show 
biological effects. SAR can be calculated as:

Where,
σ = conductivity of the tissue (S/m);
p = mass density of the tissue (kg/m3);
E = rms electric field strength (V/m).
All cell phones today have a published SAR value. The SAR 
number of your phone is of minimal value since all phones 
manufactured today must meet the FCC established standard of 
1.6 watts/kg or below.  It is better to purchase a cell phone with 
a SAR value as low as possible to minimize the absorption of 
radiation when the cell phone is near the head [5- 7, 10].

IV. Effects on Health
Studies have shown that radiation penetrates into the head of a 
child much deeper than that of an adult. Children have smaller body 
masses. Fig. 1, showing One day old baby wearing Radiofrequency 

Cell Phone Radiations and Human Health
1Satnam Singh, 2Amit Kumar, 3Dr. Sawtantar Singh Khurmi

1Dept. of ECE, R.B.I.E.B.T. Mohali, Punjab, India
2College of Information Science and Technology, Nanjing Forestry University, Nanjing, China

3Dept. of CSE Bhai Maha Singh College of Engg. Muktsar, Punjab, India



IJEAR Vol. 2, IssuE 1, JAn. - JunE 2012 ISSN: 2348-0033 (Online)      ISSN : 2249-4944 (Print)

w w w . i j e a r . o r g 20   InternatIonal Journal of  educatIon and applIed research  

Identification (RFID) tag.

Fig. 1: One Day Old Baby Wearing Radiofrequency Identification 
(RFID) Tag [6]

When exposed to the same amount of radiation as an adult the 
harmful effects of the radiation will be greater. Children have a 
smaller body mass, softer skull bones and more fluid in the head. 
All allow more damage to occur [5, 11]. Fig. 2, shows effects on 
different ages of child.

Fig. 2: Showing Effects on Different Ages of Child

The effect of radio waves emitted by the cell phone communication, 
especially with specific reference to human health, can be 
categorized as, thermal, non-thermal and genotoxical.

A. Thermal Effects
Thermal effect is one whereby the electromagnetic field of 
radio waves induces polar molecules that generates dielectric 
heat letting the live tissues die. For instance some part of head, 
while receiving the message through radio waves if it happens to 
experience increased temperature can have damaged nerve fibers. 
The thermal effect has been largely referred to the heat that is 
generated due to absorption of EMF radiation.

Fig.3: Thermal effect

In the case of a person using a cell phone, most of the heating 
effect occurs at the surface of the head, causing its temperature 
to increase by a fraction of a degree. The brain blood circulation 
is capable of disposing the excess heat by increasing the local 
blood flow. However, the cornea of the eye does not have this 
temperature regulation mechanism. The Thermal effect leads to 
increase in body temperature.

B. Non-Thermal Effects
Non-Thermal Effects keeps the temperature generated by radio 
waves constant (only the electric current) passes through the 
cell membrane, while transceiving messages. The Non-thermal 
effects are attributed to the induced electromagnetic effects inside 
the biological cells of the body which is possibly more harmful. 
People who are chronically exposed to low level wireless antenna 
emissions and users of mobile handsets have reported feeling 
several unspecific symptoms during and after its use, ranging from 
burning and tingling sensation in the skin of the head, fatigue, 
sleep disturbance, dizziness, lack of concentration, ringing in 
the ears, reaction time, loss of memory, headache, disturbance 
in digestive system and heart palpitation etc. There are reports 
indicating adverse health effects of cell phones which emit electro-
magnetic radiation, with a maximum value of 50% of their energy 
being deposited when held close to the head.

C. Genotoxical Effects
It includes damage to chromosomes, alterations in the activity of 
certain genes and a boosted rate of cell division [2, 8-9].

V. Health Diseases and Symptoms
If the invisible EMR waves can move easily through the concrete 
walls of buildings, they will easily pass through the soft tissue 
of your body. The signal moves through many barriers and 
obstructions as it connects from one tower to the next. And as 
this microwave signal moves invisibly through us the information- 
carrying radio wave that is attached to it wreaks havoc on our 
biochemistry. The long-term EMR exposure can lead to many 
diseases.

A. Dementia
Exposing human cells to one hour of mobile phone radiation 
triggered a response which normally only occurs when cells are 
being damaged. The changes could disable the blood-brain barrier 
(BBB) that is meant to protect the brain from harmful substances 
in the blood. As a result, the cells which make up blood vessel 
walls shrink, allowing tiny molecules to pass through into brain 
tissue.
Professor Leszczynski said “If this were to occur repeatedly over 
a long period of time, it might become a health hazard because of 
the possible extra-capillary accumulation of molecules that might 
cause brain tissue damage.” When neurons die, they are dead. 
They do not get resurrected. To start with effects are not likely 
to show up at all, but then ‘forgetfulness’ is likely to increase so 
that you need to look more things up again and again so that other 
neuronal pathways can be created in your brain to remember the 
information. Eventually a point is reached where catastrophic 
failure occurs with the rapid onset of significant dementia [5, 
16, 18, 20].
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B. Cataracts
Microwave radiation is especially damaging to your eyes and 
genital organs because these areas contain few blood vessels. 
The less blood you have circulating through an area, the less heat 
dissipates, leading to a quicker rise in heat and faster damage. 
Cataracts have occurred in both humans and animals because of 
microwave radiation [3].

Fig. 4: Cataract

C. Brain Tumors
Cellphone users may have an increased risk of incurring particular 
types of brain tumors. These studies did not find a significant 
risk when all types of brain tumors were considered together, but 
new risk patterns emerged when looking only at particular tumor 
types. Fig. 5, showing the effect of electromagnetic radiation on 
human brain.

 
Fig. 5: Effect of Electromagnetic Radiation on Human Brain 
[1]

The Swedish study found a 2.6 times greater risk for cellphone 
users of having a brain tumor in the lobes of the brain adjacent to 
the ear used to listen to the phone. The USA study found a 2.2 times 
greater risk among cellphone users of getting neurocytomas and 
other types of neuroepithelial tumors. Studies have found that the 
cancer risk doubled for a certain subgroup that had neuroepithelial 
tumors near the side of the head, close to the location of cell 
phone antennas. Human blood cells exposed to cell phone radiation 
suffered the kind of genetic damage experts consider “high risk” 
markers for developing tumors. Various tumors studied include 
gliomas, acoustic neuromas, meningiomas and neurocytomas [3, 
11, 18, 21].

D. Reproductive
A serious effect on male fertility has been seen by a decrease in the 
amount of sperm cells, and changes in their mobility and structure. 
A recent study showed a link between poor sperm production and 
the number of hours a day a man uses a cell phone. Men who 
used a cell phone more than four hours a day had sperm counts 

that were 25 percent lower than men who never used a cell phone 
and the quality of sperm was substantially diminished. Doctors 
believe this damage may be caused by radiation emitted by cell 
phones. Sperm count, motility, viability and appearance all were 
significantly affected. 1 out of 5 healthy young men between the 
ages of 18 and 25 produce abnormal sperm counts. Only 5 to 
15% of their sperm is good enough to be classed as ‘normal’ by 
the World Health Organization classification. Use of cell phones 
decreases the semen quality in men by decreasing the sperm count, 
motility, viability and normal morphology. The decrease in sperm 
parameters was dependent on the duration of daily exposure to cell 
phones, and independent of the initial semen quality [3, 5, 20].

Fig. 6: Showing Changes in Motility and Vitality of Human 
Sperma-Tozoa Exposed to RF EMF (C K Chou (from Article 
in Chinese)

E. Neurological
According to the study Physics and Biology of mobile telephony, 
radiation from cellular GSM technology does have a non-
thermal effect on a variety of brain functions, including the 
neuroendocrine system. Anecdotal evidence also refers mainly to 
neurological problems, such as headaches, disturbed sleep, trouble 
concentrating, earaches, burning sensation, and poor memory.

Fig. 7: Variety of Functions

Acetylcholine is a key memory neurotransmitter, and acetylcholine 
activity in the brain changes when exposed to 1 W/kg (half the 
permitted SAR level from mobile phones). This may well be a 
mechanism that could be responsible for learning and memory 
problems the mobile phone radiation causes blood vessels to dilate, 
creating a rush of blood to the head which make changes to the 
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brain wave pattern of users. This exposure affects brain activity 
- but not performance - causing particular brain waves known 
as slow brain potentials to significantly decrease. Studies show 
changes in cerebral cortical neurons after exposure to 900 MHz 
fields which implied cumulative effects. The cumulative injuries 
can eventually lead to clinically significant neurological damage, 
which is a result of mobile phone exposure [2, 5, 12-13, 20].

F. Cardiovascular
A mobile phone call can affect heart rate variability and increases 
the blood pressure. Not just the user is affected. Foetal and neonatal 
heart rate and cardiac output is also affected by maternal use of 
mobile phones by pregnant women. The intermittent exposure to 
radiations has small short- and medium-term effects on cerebral 
blood circulation and heart rate. Studies have shown that mobile 
phones can cause electromagnetic interference in the functioning 
of implanted pacemakers. The pacemaker can be affected either 
by impedance to delivery of the stimulated pulses that regulate 
the heart’s rhythm or by causing the device to deliver irregular 
pulses and leading to arrhythmias or by causing it to ignore the 
heart’s rhythm and deliver pulses at a fixed rate. As the prevalence 
of heart disease requiring pacemakers increases, we can expect a 
larger number of people to be living with these devices. Thus, a 
greater population subgroup would be exposed to the interference 
of mobile communicating devices [14, 20-21].

G. Endocrine 
The electromagnetic fields emitted by GSM-900 cellular telephones 
effects the circadian patterns of gonadal, adrenal and pituitary 
hormones. In a recent study, for growth hormone and cortisol, there 
were significant decreases of about 28% and 12%, respectively 
in humans exposed to radiations. When women were exposed 
to elevated levels of Electromagnetic Radiation (EMR), their 
estrogen levels increased. The elevated estrogen levels are a risk for 
cancer development. The testosterone levels in men were reduced 
following exposure to EMR. Reduced testosterone levels have 
been linked to prostate and testicular cancers. The electromagnetic 
radiation inhibits the production of a hormone called melatonin. 
Melatonin regulates the sleep cycle and is secreted by the pineal 
gland in the brain. When cell phone radiation, or other EMR, 
inhibits this important hormone the sleep cycle is compromised. 
This is the main reason for insomnia [5, 15, 19, 21].

H. Mobile Phone and Driving
A survey of motorists found that using mobile phones while 
driving engage in many behaviors that place them at risk for 
a traffic crash, independent of the specific driving impairments 
that mobile phone usage may produce. The U.S. Department of 
Energy found that using a cell phone while driving will severely 
impair memory and reaction time. The impairment is so severe 
that it is similar to driving while intoxicated. Studies have found 
that the impaired effects of a cell phone call made while driving 
will persist up to 15 minutes after completing the call. The effect 
was the same whether the driver used a hands-free headset or 
not. Talking on a cell phone while in a vehicle, on a train, bus, 
plane, or subway in enclosed areas trap radiation and consequently 
exposure becomes higher in these enclosed metal surroundings 
[5, 11, 17, 21].

VI. Risk Reduction Measures
Limit the amount of time you spend on the phone.• 
Use the speakerphone instead of putting the phone to your • 
ear this is probably one of the single most important steps 
you can take other than not using your cell phone.
Using cell phone only when a conventional phone is not • 
available.
Using a handset to places more distant between users’ head • 
and the antenna (the main source of radiation)
Using cell phone with lowest output power.• 
Avoid long conversations and frequent use.• 
Whenever possible avoid using any type of wireless • 
communication devices such as cell phones, cordless phones, 
and WiFi connections.
Turn the cell phone off when not in use and do not sleep with • 
a cell phone on or near the bed. The cell phone emits a signal 
in stand-by mode even when you aren’t talking.
Keep the cell phone at least 6-7 inches away from the body • 
at all times. Don’t carry the cell phone close to the body such 
as in a pocket or on a belt clip.
Don’t talk on a cell phone or cordless phone when pregnant • 
or while carrying a baby or small child.
Attach a ferrite bead to your headset to decrease RF • 
interference. Ferrite is a semi-magnetic substance created 
from iron oxide (rust) alloyed with other materials. It is 
commonly used on computer cables, to reduce or eliminate 
the radio frequency [3].
Use the phone in open spaces as often as possible.• 
Don’t talk on a cell phone while in a vehicle, on a train, bus, • 
plane, or subway. These enclosed areas trap radiation and 
consequently exposure becomes higher in these enclosed 
metal surroundings.
Use wired Internet connections instead of wireless routers. • 
If you must use a wireless router turn it off at night or when 
it is not in use.
Providing comparative information on the SAR from cell • 
phones to the customer.

VII. Conclusion
Over the last decades wireless technologies have gained in 
importance. As a result, however, TV and radio stations are no 
longer the broadcasting sources that cause the highest exposure 
levels in residential areas; now it is cell phone base stations. The 
effect of radio waves emitted by the cell phone communication, 
especially with specific reference to human health, can be 
categorized as, thermal, non-thermal and genotoxical. More efforts 
are needed in order to improve mobile radio communication to 
an efficient, secure and convenient system useful for the welfare 
and positive advancement of our global society.
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