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Range of GSM (Global System for Mobile communications) band frequencies: Fig 1. The electromagnetic spectrum

GSM-900

• 890-915 MHz for sending and 960 
MHz for receiving.

• Being utilized in most countries, 
except both Americas.

GSM-1800

• 1785 MHz and 1880 MHz 
frequencies for receiving and 
downlink, respectively.

850 MHz &1900 MHz

• Being utilized in both Americas. 

The International Agency for Research on Cancer (IARC) has classified radio-frequency EMF as possibly carcinogenic

to humans.

SAR: A measure of the amount of radio frequency energy absorbed by the human body during use of a mobile phone.

(measured in W/kg)

σ: tissue conductivity

E: the electric field

ρ: the tissue density

 The Federal Communications Commission (FCC) limit for public exposure from mobile phones is an SAR level of 1.6

W/kg.

 In Europe and Australia, the SAR limit for mobile terminal equipment is 2 W/kg.

The study carried out on 56 men (age range: 30–60 years old) using smartphones with similar SAR values (ranged

between 0.45–0.97 W/kg). They divided to 4 groups: (During a10 year period)

• Group 1: Control group

• Group 2: 0-30 min/day use of mobile phone

• Group 3: 30-60 min/day use of mobile phone       

• Group 4: more than 60 min/day

Ⅰ. Assessment DNA damage by comet assay

Fig 2. Comet 

assay steps.
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Results: Significant changes in the parameters of DNA damage, were  detected in the hair follicle cells of the 

subjects who used mobile phone  for 10 years with different durations per day when compared with those  of 

the control.

Comet assay : A rapid, simple and highly sensitive fluorescence microscopic method used to detect DNA

damage at single cell level in live populations. The idea was to combine DNA gel electrophoresis with

fluorescence microscopy to visualize migration of DNA strands from individual agarose-embedded cells. 7

Parameters to quantify DNA damage were defined: Head length, Tail Length, Comet length, Head DNA, Tail

DNA, Tail moment (TM) Olive tail moment (OTM).
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Ⅱ. Evaluation of reactive oxygen species (ROS) induction by Flow 

cytometry technique

Six experimental groups were defiend: 1) Non-treated (incubator control), 2) Sham exposed, 3) RF-EMF exposed,

4) sham exposed + 1 μM PMA, 5) Co-exposed to PMA + RF EMF, 6) Heat exposure at 42°C.

Results: -For lymphocytes after 30 min different types of exposure: -For monocytes after 45 min:

No significant differences

could be observed in the

ROS production

compared to the sham or

incubator control.

No additional increase

could be detected after

co-exposure to RF

radiation and PMA

Fig 4. Production of ROS in human 

lymphocytes after 30 min different 

types of exposure. a) continues 

wave, b) Discontinues Transmission 

(hearing only) and c) GSM-Talk 

(34% speaking and 66% hearing). 

X-mean value: The ratio of exposed 

to control (E/C) of the fluorescence 

intensity of Rhodamine.

After a continues exposure

to GSM-DTX a significant

enhance of ROS

production (1.3-fold±0.17)

compared to the sham

group was observed.

Other RF signals have no

effects on these cells.

No detectable additional

increase observed in co-

exposed group (PMA +

GSM-DTX).

Fig 5. Production of ROS in human 

umbilical cord blood monocytes after 

45 min different types of exposure

Ⅲ. Characterization of the effects of EMF on the OmpF porin channel by 

Voltage clamp technique

Channels activity has  monitored in 3 different 

situations:

• In the presence of continuous EMF 

(cEMF).

• Recovering from EMF (rEMF) recorded 

after EMF was switched off.

• Recovering from simultaneous 

application of EF and EMF (rcEMF).

Results: 

 Increase of the voltage sensitivity under 

cEMF condition.

Fig 6. OmpF channel activity in a) the control, b) cEMF 

c) rcEMF and d) rEMF conditions at ±140 mV.

• Broken line: the 0 pA current level.

The main conductance of

the channel under the

different conditions cEMF,

rEMF, and rcEMF showed

no significant changes at

different pds at both

negative and positive

polarities.

Fig 8. The conductance's of OmpF channels in a) control b) cEMF, c) rEMF, and d) rcEMF groups. each 

recorded for 170, 170, 30, and 30 min, respectively.

Introduction: With the impressive development of communication technology, the

mobile phone has become an indispensable part of people's communication. Mobile

phone users are continually exposed to radiofrequency radiation (RFR) emitted from

mobile phones. Hence the biological effects of RFR have become the major

controversy in the last couple of decades. At different levels, electromagnetic fields

(EMF) with different frequencies target biological matter. So studies must perform at

different cellular and molecular levels.

Methods: One of the most important issues at the cellular level is the effect of RFR

on DNA damage as well as oxidative stress. Follicle cells of hair in the ear canal

taken from different groups subjected to RFR were used to evaluate DNA damage.

The method was the comet assay. The effect of radiofrequency EMF on the induction

of reactive oxygen species (ROS) was carried out in primary human monocytes and

lymphocytes. Flow cytometry analysis was accomplished with a different time

exposure. At the molecular level, the effects of EMF on ion channels and receptor

activity are important. For that purpose, the effect of EMF on the OmpF porin channel

in an artificial bilayer has been characterized at the single-channel level with the

voltage clamp technique. Channel activity and sensitivity were studied.

Results and discussion: Results of comet assay showed higher DNA damage

indicators in the RFR exposure groups. Besides, ROS production in monocytes was

detected. An increase in the frequency of channel gating and voltage sensitivity of the

OmpF porin channel was detected during exposing EMF, which lasted for several

milliseconds after exposure. Also, results show these effects of EMF on channel

activity depend on frequency.

Conclusion: Because of the controversial scientific reports on EMF biological effects,

including DNA damage and oxidative stress, International Agency for Research on

Cancer (IARC) has classified the radiofrequency EMF as possibly carcinogenic to

humans. Also, the results of studies on the effects of EMF emitted from mobile phone

on ion channels, shows that we should consider molecular aspects of EMF on

biologic systems.

Fig 3. Statistical comparison of a)head length, b)tail length and c) length comet parameters of 4 different groups.

Fig 7. The current-to-voltage relationship (I/V) curve. a) control b) cEMF, c) rEMF, and d) rcEMF groups

 The linearity and slope of the I/V line remained unchanged at pds up to ±140 mV

before the closure of the fully open trimers formed the nonlinear part. The length of

the linear part differed and could be ordered as follows: control> rEMF> rcEMF>

cEMF

The wave-like mode of transport in

which energy is carried by electric (E)

and magnetic (H) fields that vary in

planes perpendicular to each other and

to the direction of energy propagation.
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With the rapid development of the technology of mobile phones, we use them more

than the past and not just for talking. Also, the number of mobile users is increasing

every year. According to the controversial scientific reports about the biological

effects of mobile phone radiation, evaluation both of cellular and molecular induced

effects in biological systems and considering the results for determining safe SAR

values is necessary.

Conclusion

Electromagnetic Radiation
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