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Abstract:   With the increase use of cell phones, there are possible interactions of electromagnetic 

radiation hazard on human beings and their offspring. The recent upsurges of global interest of cell phone 

have created a fresh impetus on the development of natural disaster, which may or may not lead to cancer 

or birth defects. The objective of the biological evaluation is to find out the potential of cell phone on sperm 

cells having some new unknown effects. While thermal effects at the present level of cell phone radiation 

are negligible, most of the biological interactions are attributed to non-thermal effects. Male reproductive 

system is highly compartmentalized and sensitive biological system that requires the integration of intrinsic 

and extrinsic factors to properly function. The generated electrical currents may alter the hormonal milieu 

and testicular microenvironment, necessary for sperm production. Additionally, sperm are electrically 

active cells and their exposure to cell phone electromagnetic waves and currents may affect their motility, 

morphology and even their count. Leaky plasma membranes, calcium depletion and oxidative stress are the 

postulated cellular mechanisms mediating the harmful effects of cell phones radiation on sperm and male 

fertility potentials. Evidences for such impacts come from designed animal and in vitro studies which may 

be different from in vivo human exposure. Nevertheless, the important advice is to apply strict regulations 

on further increase in the power density of the emitted cell phone radiation and to conduct in vivo human 

research to study its negative effects on fertility. 
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Introduction: In today’s society, modern man strives to become increasingly efficient. Our fast pace lives 

have 

been the driving forces behind vast technological innovations such as the Internet, email, and most recently, 

the “Smartphone”. Cell phones have become a vital part of our lives, and as the social pressures for optimal 

efficiency increase, so do the technological capabilities of cell phones. One, often overlooked, aspect 

associated with recent innovations in cell phone technology, is the impact of these devices on human 

health, more specifically male fertility. Recent innovations in cell phone technology may have a detrimental 

effect on male fertility, and maybe a growing factor contributing to male infertility. This article will focus 

on cell phones and dissect exactly what the recent innovations in technology mean for human reproductive 

health and male fertility. The essential topics of this article comprise a basic description of the cell phone 

technology and pathophysiological effects of the emitted radiation from cell phone devices on testicular 

tissues and sperm function. In addition, analysis of emerging clues from laboratory and human studies will 

be discussed taking into account the controversy surrounding cell phone research. Lastly, a comprehensive 

future look into the ensuing fertility consequences related to cell phone technology will be discussed. 

 

General concepts of cell phone physics and biological Effects: 

Cell phones emit radiofrequency electromagnetic waves (RF-EMW) to nearby relay base stations or 

antennas. Our bodies act as antennas that absorb the radiation and convert it into alternating eddy currents. 

The frequencies of these radio waves fall in the low frequency microwave range (800- 2200 MHz), 

therefore, this radiation is of non- ionizing type as the energy emitted is too low to break chemical bonds in 

biological system. On the other hand, the energy carried in extremely high frequencies (1,000,000 MHz) 

electromagnetic waves such as x-rays is so intense that the electromagnetic particles have sufficient power 

to break chemical bonds and cause serious damage to human tissue; this type of radiation is known as 

ionizing radiation. Our article will discuss the male fertility hazards associated with the low frequency 

electromagnetic waves produced by cell phone technology (1,2). When speaking into a cell phone, the 
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sound wave from the speaker goes through a transmitter that converts the sound into a sine wave. The 

transmitter then sends the signal to the antenna, which then sends it out into space in all directions. The 

transmitter in cell phone operates on about 0.75 to 1 watt of power, with 2 W at peak usage. This electric 

sine wave current running through the transmitter circuit also creates an electromagnetic field around it. As 

the electric current moves back and forth, the fields continue to build and collapse, forming electromagnetic 

radiation. Thus, cell phone radiation is generated in the transmitter, and is emitted through the antenna in 

the form of a radio wave (2).Modern advances in cell phone telecommunication systems are associated with 

an increase in signal frequency, which correlates with higher energy radiofrequency waves. The first advent 

of the preliminary cell phone system was the Analogue NMT (Nordic Mobile Telephone) system which 

operated at 902.5 MHz in the 1980s. A decade later, the GSM (global system of mobile communications) 

succeeded it, operating at a radiofrequency of 902.4 MHz, pulsing at 217 Hz. The most recent DCS (digital 

cellular system) operates at a radiofrequency of 

1800 MHz and has two additional low frequency magnetic fields associated with it (3). Furthermore, 

specific countries differ in the frequency band at which the radio waves are transmitted. Most European and 

Asian countries network  operates at 850/900 MHz, while the United  States network operates at 

1800/1900 MHz . The higher the frequency the more energy the waves carry. With increasing globalization 

and demand for international travel, there are now phones which can operate in multiple countries, and are 

therefore considered “quad-band”, receiving all signal frequencies 850/900/1800/1900 MHz. The impact of 

these radio frequency electromagnetic waves on the human body is measured via a standardized unit called 

the SAR value. The SAR (Specific Absorption Rate) is a measure of the rate of radiofrequency energy 

absorption in the body and is calculated as watt/kg. Device specific SAR tests are conduced with the 

wireless device transmitting at its highest power level in all tested frequency bands. Since 1996, the FCC 

(Federal Communication Commission), has required that the maximum legal SAR of any handheld mobile 

device should not exceed 1.6 watts per kilogram (4). From the year 2000 onwards, all cell phone 

manufacturers must place labels on their phones disclosing their radiation level. Although SAR is 

determined at a cell phones maximum power level, the actual SAR value of an operating wireless device 

may be less than the reported maximum. This value depends on multiple factors such as proximity to a cell 

site, the proximity of the wireless device to the body while in use, the mode of usage of the device (talk 

versus standby mode), and the use of hands-free (Bluetooth) devices (4). Lastly, every country has specific 

government agencies, which are responsible for the regulation of electromagnetic radiation devices. In the 

United States there are the American National Standards Institute (ANSI), which is part of the Institute of 

Electrical and Electronics Engineers (IEEE), along with the FCC and the US Environmental Protection 

Agency; in the United Kingdom there is the National Radiological Protection Board (NRPB), and in Brazil 

there is ANVISA (Agencia  Nacional de Vigilancia Sanitaria). Each agency is responsible for issuing 

evaluation bulletins, which highlight current regulations and also provide the government’s stand on health 

concerns (4). 

 

 

Cell Phones Have a Dual Effect on the Human Body 

Electromagnetic waves (EMW) emitted from cell phones and even microwaves oven fall within the low 

frequency range of EMW between 300 MHz to several gigahertz. Such level is far below the high 

frequency EMW of X-ray and gamma rays. EMW travel through space at the speed of light, however, their 

energy level depends on their frequency and wavelength. The energy carried in EMW is composed of 

electrical and magnetic fields and it is better represented by the term power density (PD). PD is defined as 

the amount of power per unit area in a radiated microwave field and is usually expressed in milli- or 

microwatts per square centimeter (mW/cm2 or µW/cm2). Nevertheless, the level of energy in such EMW is 

so low that it cannot break the covalent bonds in biological molecules [116]. This type of radiation effect on 

molecular level is called non-ionizing radiation to differentiate it from the ionizing radiation effect of high 

frequency EMW. In general, the exposure to EMW from different sources is divided into two categories: 

“continuous” and “pulsed” according to the characteristics of the emitted waves. The biological effects of 

pulsed wave exposure are even more harmful than that of continuous variety from other sources. As a rule, 

the coupling of electrical field and magnetic field of EMW outside the biological system will no longer be  
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sustained inside the body due to the electrical and magnetic properties of living tissues [117]. The human 

body acts as parasitic antenna that receives 

the EMW from external sources [116]. Specifically, both electrical fields and magnetic fields can induce 

electrical fields and currents inside living tissues. However, the generated internal electrical currents are of 

much lower strength and of different directions from the external ones. These alterations in strength and 

directions reflect the electrical properties of human body, such as the permittivity and conductivity. To 

understand these properties, human tissue is best described as lose medium with dielectric properties due to 

high content of water in addition to other organic molecules and ions. When living tissue is exposed to 

EMW the dielectric (dipole) molecules will be polarized, the extent of such polarization is called 

permittivity [118]. Conductivity, on the other hand, describes the conduction current density produced by 

an applied electrical field [116]. Essentially, the high water content renders human body poor conductor to 

the applied electrical field. In contrast, the applied magnetic field is easily transmitted through human body 

and this property is called permeability [116]. Moreover, magnetic field act as another source of induced 

alternating currents inside the human body. Thermal and non-thermal effects are the main mediators of 

EMW interaction with biological system and both the electrical and magnetic properties determine sequelae 

of such effects on human body. We will explain these effects with a particular emphasis on male 

reproductive cells. 

 

1.   Thermal effects on male reproductive organs 

Testis depends mainly on surface conduction rather than blood flow for temperature control; this represents 

an important target for thermal effect of RF-EMW (28). Because the testis is a superficial organ, it may 

absorb more EMW energy than other organs. Human testes need physiological temperature 2ºC lower than 

body temperature for optimal spermatogenesis and an elevation of testicular temperature may be reversible 

detrimental factor to sperm production (35,36). Some authors have demonstrated that acute EMW exposure 

can have direct effect on seminiferous tubular epithelium through increase in testicular temperature 

(30,37,38). They exposed mice to 2.45 GHz (30 W/kg), 1.7 GHz (50 mW/cm2), and 2.45 GHz (44 W/kg) 

respectively and showed alteredhistology of seminiferous tubular epithelium and deranged semen 

parameters such as sperm count, sperm morphology. However, the EMW energy used in these studies is too 

high and greater than the EMW energy emitted by modern cell phones. Recent reports state that thermal 

effect of EMW emitted from commercial cell phones is negligible particularly at SAR < 2 Watt/kg (8,9,39). 

It is estimated that only a SAR value greater than 4 W/kg could result in a temperature increase of 1ºC. Yan 

et al. conducted an animal study on rats in which rigorous measurements of surface and core body 

temperature were taken by sensitive electronic temperature probes placed adjacent to the rats’ faces and 

rectums. The authors noticed that the mean face temperature of the experimental group exposed to the full 6 

hours of EMW of cell phone at SAR of 1.80 W/kg did not differ from that of the control group, and the 

rectal temperatures of both groups were virtually identical (9). Therefore, at this time there is no clear-cut 

evidence which supports the thermal effect of cell phone radiation on the human body. 

 

 

2. Non-thermal effects of cell phone radiation 

This effect is still under scrutiny and comprises a wide array of different metabolic pathways. The main 

mediator of these pathways is oxidative stress. However, direct damage of RF-EMW has been also 

implicated (Figure-1). 
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Figure 1 - A summaries of the biological effects of RF-EMR on male reproductive pattern. This figure 

indicates calcium efflux and enhanced ROS due to mobile phone radiation can cause several changes at 

enzymatic and hormonal level, which may result infertility. Adapted from Desai 2009 (27). 

 

Effects of Radio-Frequency Radiation on GrossHealth 

The exact underlying pathophysiologic mechanism of cell phone related health impacts is not entirely 

known. However, there are two proposed cell phone related biological effects on the human body. The first 

is termed a “thermal effect” which occurs at particularly high frequencies where the radio-frequency 

radiation has heating properties which may lead to an increase in tissue or body temperature. Thermal 

effects may cause disruption of cell function and development (5). The inflicted tissue damage in humans 

could occur due to the body’s inability to dissipate the excessive heat. The eye and the testes are 

particularly vulnerable due to relative lack of blood flow to dissipate the excessive heat load (6). The 

second is the “non-thermal effect” which is manifested by disruption of cell membrane integrity due to 

passage of electrically shaking eddy current formed from body absorption of EMW, endothelial 

dysfunction and alterations in the blood-brain barrier, cellular signal transduction effects, immune system 

effects and nervous system excitability defects (7-11). More realistically, the mode of action of RF-EMW is 

probably a combination of the thermal and nonthermal effects. Many studies have analyzed the effects of 

cell phones on general human health (Figure-2 ). Alternation in electroencephalograph (EEG) pattern, sleep 

pattern and neuroendrocrine functions have been observed with increased cell phone usage (12,13). 

Furthermore, usage of cell phones has been associated with difficulty in concentration, fatigue, and 

headache (14). Cell phone exposure has also been shown to increase resting blood pressure (15). Also, 

EMW radiation may alter hormone secretion, such as follicle-stimulating hormone, due to deformation of 
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Leydig and Sertoli cells, which may lead to altered cell proliferation (16). Although it is not completely 

clear how the EMWs cause these changes, there is substantial evidence pointing towards a decreasein 

normal body function. 

 

 

Cell Phone Usage & Male infertility 

Proper analysis of the impact of cell phone EMW on male reproductive function comprises careful 

examination of the available data retrieved from different animal and human studies on cell phone related 

semen alteration and deranged histological testicular changes. 

 

Gerenal Body Effects 

There has been substantial development into the understanding of how cell phone radiation may alter 

normal bodily functions. Many studies have looked at various body tissues reaction to the radiation 

exposure (Fig -2). Alternations in the central nervous system, cardiovascular system, and localized tissue 

effects have been analyzed. Fluctuations in electroencephalograph (EEG) pattern, sleep pattern and 

neuroendrocrine functions have been observed with increased cell phone handling, along with decreased 

cognitive function and melatonin secretion (119, 120). Cell phone exposure has also been shown to increase 

resting blood pressure and elevate heart rate( 121). Moreover, EMW radiation may alter Leydig and Sertoli 

cell function, leading to decreased hormone secretion which may lead to altered cell proliferation (122). 

Furthermore, frequent cell phone users described a difficulty concentrating, increased fatigue, and frequent 

headaches, coupled with a burning sensation near the ear and tingling or numbness of exposed tissue (123). 

Therefore, it can be seen that the effects of cell phone extend beyond that of the immediate exposure range, 

and that these effects if compounded, can have a substantial impact on the health and wellbeing of the user. 

 

 

                       

 

 

Figure 2 - Effects of Cellular Phone Usage on the Human Body. Usage of cellular phones is associated 

with alterations in various body systems including the central nervous system, cardiovascular system, and 

male reproductive system.  Adapted from Makker 2009 (115). 
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Semen and male fertility effects:  

The frequency associated with incoming waves and subsequent energy of transmitted waves by the cellular 

device can have an effect on not only the general body but more specifically on the male reproductive 

system. Effects on sperm motility, morphology, count, sperm functions, Leydig cells, and Sertoli cells have 

been studied, as well as an analysis of the pituitary gland and blood-testis barrier are frequent in studies 

related to cell phones. 

 

Effects on Sperm 

A. Sperm Motility 

There have been several studies which have looked at the detrimental effects of cell phone on the motility 

characteristics of spermatozoa. Wdowiak et al. performed a retrospective study (304 men) noting that there 

was a significant decrease in the percentage of forward progressive motile sperm, correlated with the 

frequency of cell phone handling. In their study, 65.7% of patients who did not use cell phones had normal 

motility (over 50% of sperm with forward progressive motility) compared to only 17% of patients who 

frequently (regular phone use for more than 2 years) used cell phones (124). Furthermore, in another 

retrospective study involving 371 men in reproductive age, the duration of using cell phone usage and the 

daily transmission time correlated negatively with the proportion of rapid progressive motile sperm (r = 

-0.12 and r = -0.19, respectively), and shared a significantly positive correlation with the proportion of 

slowly progressive motile sperm (r=0.12 and r=0.28, respectively) (125). Also, in a study of 22 men with a 

mean age of 24 years, it was found that sperm samples exposed to high intensity EMW radiation (1.8GHz x 

0.4 W/kg – 27.5 W/kg SAR) experienced a statistically significant decline in both motility and viability. 

Also noted, was a significant increase in the rate of mitochondrial ROS production and the level of 8- 

OHdG. Although the intensity of the EMW used was extremely high, this study showed that EMW 

radiation has the potential to cause damage not only at the morphological level but also at the molecular 

DNA level (126). Moreover, Agarwal et al. conducted a prospective in vitro study of 32 men, exposing the 

neat semen samples to RF-EMW radiation (1.46 W/kg SAR x 60 min). The authors noted a significant 

decrease in sperm motility and viability post exposure. Also observed was an increase in reactive oxygen 

species levels paired with a decrease in ROS-TAC score. It was concluded that RF-EMW emitted from cell 

phones may increase oxidative stress in human spermatozoa leading to decreased motility and viability 

characteristics (127). 

 

B. Sperm Morphology and Count 

Exposure to cell phone RF-EMW radiation has been also correlated with a decrease in normal sperm 

morphology and count. An observational study of 361 men was conducted to determine whether there is a 

correlation between cell phone usage and sperm morphology. Men were divided into four usage groups: no 

use, <2 h/day, 2-4 h/day, and >4 h/day. It was found a statistically significant difference in mean WHO 

normal morphology between the low usage group (40.32 ± 13.06) and the high usage group (18.40 ± 10.38) 

9128). Wdowiak et al. also noted a significant increase in the percentage of sperm cells with abnormal 

morphology correlated with the frequency and duration of exposure to cellular phone RF-EMW emitted by 

GSM cell phones. 55.6% of patients without cell phones had normal morphology parameters (over 30% 

normal shaped sperm morphology), whereas only 16.7% of patients who frequently (regular phone use for 

more than 2 years) used cell phones had normal sperm morphology (129). Fejes et al. showed in an 

observational study that a significant decrease in sperm count related to cell phone handling frequency. 

This study analyzed 231 men over a 13- month period, and showed that for heavy users of cell phones, 

sperm counts were 30% lower than men who did not use a cell phone (125). Moreover, in an animal study 

exposed rats to cell phone RF-EMW (2 h/day x 35 days at 0.9 SAR), showed a decreased mean value of 

total sperm count (31.14 ± 13.6 vs. 61.33 ± 3.68), and an increased mean percentage of apoptotic cells 

(13.15 ± 1.26 vs. 5.93 ± 1.64 %) (130). Furthermore, Salama et al. conducted a study on rabbits exposed to 

mobile phone radiation (GSM mode, 800 MHz, standby status). RF-EMW exposure of 8 hours/day led to a 

significant decline in the sperm count after 8 weeks of exposure and a decrease in motility after 10 weeks of 

exposure (131). In contrast, other studies did not show a correlation between cell phone EMW radiation and 

alteration in sperm count. 
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DNA Integrity Defects 

Deoxyribonucleic acid (DNA) contains all the genetic information that controls the vital functions of the 

sperm. DNA damage from external and internal sources is correlated with poor semen quality and poor 

fertilization rate, as well as poor pregnancy outcomes (132). Sperm have limited ability to repair single or 

double strand DNA breaks. DNA damage and chromatin breakage effects have been demonstrated as one 

of the biological interactions of cell phone EMW in different tissues. A number of studies have been 

performed to examine the DNA damaging effect of cell phone EMW on sperm. Aitken et al. reported that a 

7-day exposure of male mice to RF EMFs induced significant DNA damage in both the nuclear and 

mitochondrial genomes of spermatozoa retrieved from the cauda epididymis (133). De Iuliis have shown 

the increment of sperm DNA integrity defects by TUNEL assay under cell phone EMW effect is 

proportional to the exposed SAR (134). In contrast, Falzone et al. had used TUNEL assay and did not find 

any significant DNA integrity defect in the examined purified sperm under EWM exposure (135) Similarly 

other study by Agarwal failed to show any difference with regard to EMW impact on in vitro sperm (136)]. 

The important conclusion drawn from the above studies is that DNA damage due to EMW is significant. 

However, this damage may be of cumulative effect of repeated exposure and it may not be revealed after 

short term exposure. Also, the difference in the reported results from the above mentioned studies may be 

attributed to differences in the frequency of applied EMW and SAR. 

 

Ambiguity surrounding cell phone studies and their results: 

 

The field of cell phone research, and RF-EMW radiation affecting human health, is surrounded by 

controversy. As shown, there have been many studies which point toward a negative correlation between 

cell phone and both gross human health and male reproduction. However, there are equally as many studies 

which conclude that the effects of RF-EMW are negligible and that there is no correlation between cell 

phones and semen parameters (125, 131, 137, 139). Controversy in this field stems from inadequate study 

design, ethics, and biological variability between individuals. The appropriate control group in a cell phone 

trail must be an individual who has not had any previous exposure to any form of cellular device. This, 

however, is hard to attain due to the technological growth occurring every day. Therefore, individuals who 

have “limited” exposure to cell phone RF EMW 

radiation are used as a standard for in vivo testing. Another flaw in cell phone studies is a non-standardized 

testing protocol. There is a lot of variation in terms of the frequency of the radio waves, the SAR at which 

the phone runs, and the duration of exposure to the cells. Furthermore, there are differences in the type of 

cellular device used, the transmission mode at which it operates (talk vs. standby) and also the distance 

between the cells and the phone. All of these variations contribute to the ambiguity of the results present in 

cell phone studies. Moreover, the measured SAR varies in studies due to several parameters including 

frequency, intensity, polarization, and radiation source-body configuration. The exposure also depends on 

the cell types, shape, location, size, and electrical properties of the body. Also, animals have different body 

sizes and reproductive that difference in term of anatomy characteristics from human, which make the 

application of animal study results to humans seemingly arguable. In fact, not all the exposed men will be 

infertile. This notion arises from observation of inconsistent reactions of various human body system of 

diverse group of people to weak electromagnetic radiation and ionizing radiation. It has been estimated that 

3% of people are considered electro-sensitive because they experienced a wide range of unpleasant vague 

symptoms such as nervousness, headache and other behavioral problems when exposed to weak 

non-ionizing radiation.  

 

Contrastingly, other individuals who are electro-sensitive do not realize their problems when they are 

continuously exposed to this type of radiation and they report their symptoms as being perfectly normal 

(140)]. Theories behind electro-sensitivity include presence of thicker layer of stratum granulosum in their 

skin which is regarded as the leaky layer (139). Consequently, the total energy and SAR delivered to 

superficial organs such as the testis will be more. Others attribute this undue sensitivity to relatively low 

blood calcium and magnesium. Such low levels entail that fewer ions are needed to move across the plasma 
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membranes under EMW exposure, causing noticeable disturbance in the cells and tissues (140). Lastly, 

people differ in their inherited sperm characteristics such as DNA repair system and antioxidant capacity, 

which are the main defense mechanisms against cell phone EMW radiation. For the ethical point of view, 

specific considerations must be taken into account when conducting in vivo testing. For this reason most 

trials are conducted either in animal models or in vitro ejaculated samples. The inherent problems 

associated with using animal models have previously been elucidated. The complications that arise when 

conducting in vitro testing with ejaculated neat samples is determining the distance between the exposure 

device and the sample in order to mimic real life conditions. To solve this problem the Finite Difference 

Time Domain (FDTD) method was used. This computer-assisted simulation mimicked the effects of 

multiple tissue layers between a cell phone and the spermatozoa in the testis. The results indicated that in 

order to simulate in vivo exposure, the distance between a cell phone and an ejaculated semen sample 

should be 0.8 cm to 1.8 cm greater than the anticipated distance between the cell phone and the testis (141) 

These results can be used to construct better-designed studies in the future. No significant conclusions 

regarding cellular phone RF EMW radiation effects on the human body and the male reproductive system 

can be drawn until there is a formalized study protocol for cell phone RF-EMW exposure that takes into 

account an adequate control group and limits external 

 

Conclusions: 

 Today’s advances in technology may be associated with increasing risk to the human user. While no 

certain conclusions can be drawn from the evidence, a growing number of studies indicate a decrease in 

male fertility associated with cellular phone usage. These cellular devices emit radio frequency 

electromagnetic waves which may hinder spermatozoa quality as well as encumber normal bodily 

functions. Our review presents data which both supports and rejects these claims. The SAR in a biological 

body depends on several exposure parameters such as frequency, intensity, and polarization. The SAR also 

depends on the size, shape and electrical properties of the body. Exposure of the testis and secondary sex 

organs to RF-EMW’s has shown a detrimental effect on spermatozoa. The exact mechanisms of how this 

RF-EMW may affect the spermatozoa have not yet been verified, although many feasible models have been 

proposed. Cellular phones are a vital part of everyday life, and additional studies are needed to evaluate the 

consequences of increasing usage of new-age “Smart phones.” Based on the results of future studies, 

government may decide on new regulations to reduce the risks associated with cell phone usage. 

 

 

Acknowledgement :I thank to G E  UNIVERSITY for valuable advice and encouragement during the 

research work. I express our deepest and very special thanks to our workshop department for designing the 

special cage for our experimental need. 

 

 

 

REFERENCES 

1. Digital Wireless Basics: Frequencies V Cellular, PCS, GSM, and Japanese Digital Cellular Frequencies. 2007; 

Available at: 

            www.privateline. com/PCS/Frequencies.htm 

2. How cell-phone radiation works. 2007; Available at:http://www.howstuffworks.com/cell-phone-radiation  

3. Roelandts R: Cellular phones and the skin. Dermatology. 2003; 207: 3-5. 

4. Cleveland Jr JR, Sylvar DM, Ulcek JL: Evaluating Compliance with FCC Guidelines for Human Exposure to 

Radiofrequency  Electromagnetic Fields. OET BULLETIN 65, Edition 97-01 [monograph on the Internet]. 1997 [cited 

2011 Feb 10]. Available from: Federal Communications Commission Office of Engineering & Technology, Office of 

Engineering &   Technology Web site: http://www.fcc.gov/Bureaus/ Engineering_Technology/Documents/bulletins/ 

oet65/oet65.pdf 

5. Deepinder F, Makker K, Agarwal A: Cell phones and  male infertility: dissecting the relationship. Report Biomed 

Online.  2007; 15: 266-70. 



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

59 

 

6. National Radiological Protection Board (NRBP). Review   of the scientific evidence for limiting exposure to 

electromagnetic  fields (0-300 GHz). Documents   of NRPB [monograph on the Internet]. 2004 [cited 2011 Feb 15].; 

15(3) Available at:  National Radiological Protection Board (NRPB), Chilton, Didcot, Oxon: NRPB Web site: 

http://www.hpa.org.uk/web/   HPAwebFile/HPAweb_C/1194947383619 

7. World Health Organization. 2006 WHO Research Agenda for Radio Frequency Fields, [homepage on the Internet]. 

2006 [cited  2011 Feb 15]. Available at: World Health Organization,  Web site: http://www.who.  int/peh 

emf/research/rf_research_agenda_2006.pdf 

8. Straume A, Oftedal G, Johnsson A: Skin temperature   increase caused by a mobile phone: a methodological infrared 

camera study. Bioelectromagnetics. 2005;  26: 510-9. 

9. Yan JG, Agresti M, Bruce T, Yan YH, Granlund A,  Matloub HS: Effects of cellular phone emissions on   sperm 

motility in rats. Fertil Steril. 2007; 88: 957-64. 

10. Friedman J, Kraus S, Hauptman Y, Schiff Y, Seger R: Mechanism of short-term ERK activation by electromagnetic 

fields at mobile phone frequencies. Biochem   J. 2007; 405: 559-68. 

11. Leszczynski D, Joenväärä S, Reivinen J, Kuokka  R: Non-thermal activation of the hsp27/p38MAPK stress pathway 

by mobile phone radiation in human  endothelial cells: molecular mechanism for cancerd blood-brain barrier-related 

effects.  Differentiation. 2002; 70: 120-9. 

12. D’Costa H, Trueman G, Tang L, Abdel-rahman U Abdel-rahman W, Ong K, et al.: Human brain wave activity during   

exposure to radiofrequency field emissions from mobile phones. Australas Phys Eng Sci Med. 2003; 26: 162-7. 

13. Kramarenko AV, Tan U: Effects of high-frequency electromagnetic fields on human EEG: a brain mapping study. Int 

J Neurosci. 2003; 113: 1007-19. 

14. Oftedal G, Wilén J, Sandström M, Mild KH: Symptoms experienced in connection with mobile phone use. Occup 

Med  (Lond). 2000; 50: 237-45. 

15. Braune S, Wrocklage C, Raczek J, Gailus T, Lücking  CH: Resting blood pressure increase during  exposure to a 

radio frequency electromagnetic  field. Lancet. 1998; 351: 1857-8. 

16. Röösli M, Michel G, Kuehni CE, Spoerri A: Cellular telephone use and time trends in brain tumour mortality in 

Switzerland  from 1969 to 2002. Eur J Cancer Prev. 2007; 16: 77-82. 

17. Dunson DB, Baird DD, Colombo B: Increased infertility with age in men and women. Obstet Gynecol. 2004; 103: 

51-6. 

18. Fejes I, Závaczki Z, Szöllosi J, Koloszár S, Daru J, Kovács L, et al.: Is there a relationship between cell phone use and 

semen quality? Arch Androl. 2005; 51: 385-93. 

19. Wdowiak A, Wdowiak L, Wiktor H: Evaluation of the effect of using mobile phones on male fertility. Ann Agric 

Environ Med. 2007; 14: 169-72. 

20. Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, et al.: Effects of radiofrequency 

electromagnetic  waves (RF-EMW) from cellular phones on human ejaculated semen: an in vitro pilot study. Fertil 

Steril. 2009; 92:    131825. 

21. De Iuliis GN, Newey RJ, King BV, Aitken RJ: Mobile   phone radiation induces reactive oxygen species production 

and  DNA damage in human spermatozoa in vitro. PLoS One. 2009; 4: e6446. 

22. Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J: Effect of cell phone usage on semen analysis in men attending 

infertility clinic: an observational study. Fertil Steril. 2008; 89: 124-8. 

23. Kesari KK, Kumar S, Behari J: Mobile phone usage and male infertility in Wistar rats. Indian J Exp Biol. 2010; 48: 

987-92. 

24. Salama N, Kishimoto T, Kanayama HO: Effects of exposure to a mobile phone on testicular function and structure in 

adult rabbit. Int J Androl. 2010; 33: 88-94. 

25. Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV: Impact of radio frequency electromagnetic radiation on 

DNA integrity in the male germline. Int J Androl. 2005; 28: 171-9. 

26. Dasdag S, Zulkuf Akdag M, Aksen F, Yilmaz F, Bashan M, Mutlu Dasdag M, et al.: Whole body exposure of rats to  

microwaves emitted from a cell phone does not affect the testes. Bioelectromagnetics. 2003; 24: 182-8. 

27. Desai NR, Kesari KK, Agarwal A: Pathophysiology of cell phone radiation: oxidative stress and carcinogenesis with 

focus on male reproductive system. Reprod Biol Endocrinol. 2009; 7: 114. 

28. Dasdag S, Ketani MA, Akdag Z, Ersay AR, Sari I, Demirtas OC, et al.: Whole-body microwave exposure emitted by 

cellular phones and testicular function of rats. Urol Res. 1999; 27: 219-23. 



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

60 

 

29. Ozguner M, Koyu A, Cesur G, Ural M, Ozguner    F, Gokcimen A, et al.: Biological and morphological effects on 

the reproductive organ of rats after exposure to electromagnetic field. Saudi Med J. 2005; 26: 405-10. 

30. Saunders RD, Kowalczuk CI: Effects of 2.45 GHz microwave radiation and heat on mouse spermatogenic epithelium. 

Int J Radiat Biol Relat Stud Phys Chem Med. 1981; 40: 623-32. 

31. Khillare B, Behari J: Effect of Amplitude-Modulated    Radiofrequency Radiation on Reproduction Pattern in Rats. 

  Electromagn Biol Med. 1998;17: 43-55. 

32. Ribeiro EP, Rhoden EL, Horn MM, Rhoden C, Lima LP, Toniolo L: Effects of subchronic exposure to radio 

frequency from a conventional cellular telephone on testicular function in adult rats. J Urol. 2007; 177: 395-9. 

33. Forgács Z, Somosy Z, Kubinyi G, Bakos J, Hudák A, Surján A, et al.: Effect of whole-body 1800MHz GSM-like 

microwave exposure on testicular steroidogenesis and histology in mice. Reprod Toxicol. 2006; 22: 111-7. 

34. Forgács Z, Kubinyi G, Sinay G, Bakos J, Hudák  A, Surján A, et al.: Effects of 1800 MHz GSM-like exposure on the 

gonadal function and hematological parameters of male mice. Magy Onkol. 2005; 49: 149-51. 

35. Kandeel FR, Swerdloff RS: Role of temperature in regulation of spermatogenesis and the use of heating as a method 

for contraception. Fertil Steril.  1988; 49: 1-23. 

36. Jung A, Schill WB: Male infertility. Current life style could be responsible for infertility. MMW Fortschr Med. 2000; 

142: 31-3. 

37. Varma MM, Traboulay EA Jr.: Biological effects of microwave radiation on the testes of Swiss mice. Experientia. 

1975; 31: 301-2. 

38. Kowalczuk CI, Saunders RD, Stapleton HR: Sperm count and sperm abnormality in male mice after exposure to 2.45 

GHz  microwave radiation. Mutat Res. 1983; 122: 155-61. 

39. Anderson V, Rowley J: Measurements of skin surface temperature during mobile phone use. Bioelectromagnetics. 

2007; 28: 159-62. 

40. Kesari KK, Kumar S, Behari J: Effects of Radiofrequency Electromagnetic Wave Exposure from Cellular Phones on 

the Reproductive Pattern in Male Wistar Rats. Appl Biochem Biotechnol. 2011; 15. [Epub ahead of print] 

41. Agarwal A, Makker K, Sharma R: Clinical relevance of oxidative stress in male factor infertility: an update. Am J 

Reprod Immunol. 2008; 59: 2-11. 

42. Aitken RJ, Buckingham D, Harkiss D: Use of a xanthine oxidase free radical generating system to investigate the 

cytotoxic  effects of reactive oxygen species on human spermatozoa. J Reprod Fertil. 1993; 97: 441-50. 

43. Shen HM, Chia SE, Ong CN: Evaluation of oxidative DNA damage in human sperm and its association with male 

infertility. J Androl. 1999; 20: 718-23. 

44. Agarwal A, Saleh RA, Bedaiwy MA: Role of reactive oxygen species in the pathophysiology of human reproduction. 

FertilSteril. 2003; 79: 829-43 

45. Aitken RJ, Baker MA: Oxidative stress, sperm survival and fertility control. Mol Cell Endocrinol. 2006; 250: 66-9. 

46. Jones R, Mann T, Sherins R: Peroxidative breakdown of phospholipids in human spermatozoa, spermicidal properties 

of fatty acid peroxides, and protective action of seminal plasma. Fertil Steril. 1979; 31: 531-7. 

47. Grundler W, Kaiser F, Keilmann F, Walleczek J: Mechanisms of electromagnetic interaction with cellular systems.   

   Naturwissenschaften. 1992; 79: 551-9. 

48. Guney M, Ozguner F, Oral B, Karahan N, Mungan T: 900 MHz radiofrequency-induced histopathologic changes and 

oxidative stress in rat endometrium: protection by vitamins E and C. Toxicol Ind Health. 2007; 23: 411-20. 

49. Oktem F, Ozguner F, Mollaoglu H, Koyu A, Uz E: Oxidative damage in the kidney induced by 900-MHz-emitted 

mobile phone: protection by melatonin. Arch Med Res. 2005; 36: 350-5. 

50. Ozguner F, Bardak Y, Comlekci S: Protective effects of melatonin and caffeic acid phenethyl ester against retinal 

oxidative stress in long-term use of mobile phone: a comparative study. Mol Cell Biochem. 2006; 282: 83-8. 

51. Balci M, Devrim E, Durak I: Effects of mobile phones on oxidant/antioxidant balance in cornea and lens of rats. Curr 

Eye Res. 2007; 32: 21-5. 

52. Meral I, Mert H, Mert N, Deger Y, Yoruk I, Yetkin A, et al.: Effects of 900-MHz electromagnetic field emitted from 

cellular phone on brain oxidative stress and some vitamin levels of guinea pigs. Brain Res. 2007; 1169: 120-4. 

53. Koppers AJ, De Iuliis GN, Finnie JM, McLaughlin  EA, Aitken RJ: Significance of mitochondrial reactive  oxygen 

species in the generation of oxidative  stress in spermatozoa. J Clin Endocrinol Metab. 2008; 93: 3199-207. 

54. Falzone N, Huyser C, Franken DR, Leszczynski D: Mobile phone radiation does not induce pro-apoptosis effects in 

human spermatozoa. Radiat Res. 2010; 174: 169-76. 



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

61 

 

55. Kumar S, Kesari KK, Behari J: Influence of microwave exposure on fertility of male rats. Fertil Steril. 2011; 95: 

1500-2. 

56. Kumar S, Kesari KK, Behari J: Evaluation of genotoxic effects in male Wistar rats following microwave exposure. 

Indian J Exp Biol. 2010; 48: 586-92. 

57. Moustafa YM, Moustafa RM, Belacy A, Abou-El-Ela SH, Ali FM: Effects of acute exposure to the radiofrequency 

fields ofcellular phones on plasma lipid  peroxide and antioxidase activities in human erythrocytes. J Pharm Biomed 

Anal. 2001; 26: 605-8. 

58. Oral B, Guney M, Ozguner F, Karahan N, Mungan T, Comlekci S, et al.: Endometrial apoptosis induced by a 

900-MHz  mobile phone: preventive effects of vitamins E and C. Adv Ther. 2006; 23: 957-73. 

59. Alvarez JG, Touchstone JC, Blasco L, Storey BT: Spontaneous lipid peroxidation and production of hydrogen 

peroxide and  superoxide in human spermatozoa. Superoxide dismutase as major enzyme protectant against oxygen 

toxicity. J Androl 

60. Burch JB, Reif JS, Noonan CW, Ichinose T, Bachand AM, Koleber TL, et al.: Melatonin metabolite excretion among 

cellulartelephone users. Int J Radiat  Biol. 2002; 78: 1029-36. 

61. Gavella M, Lipovac V: Antioxidative effect of melatonin on human spermatozoa. Arch Androl. 2000;  44: 23-7. 

62. Ha BY: Stabilization and destabilization of cell membranes by multivalent ions. Phys Rev E Stat Nonlin Soft Matter 

Phys. 2001; 64: 051902. 

63. Lew VL, Hockaday A, Freeman CJ, Bookchin RM: Mechanism of spontaneous inside-out vesiculation of red cell 

  membranes. J Cell Biol. 1988; 106: 1893- 901. 

64. Steck TL, Weinstein RS, Straus JH, Wallach DF: Inside-out red cell membrane vesicles: preparation and purification.  

    Science. 1970; 168: 255-7. 

65. Bawin SM, Kaczmarek LK, Adey WR: Effects of modulated VHF fields on the central nervous system. Ann N Y 

Acad Sci.  

  1975; 247: 74-81. 

66. Blackman CF, Benane SG, House DE, Elliott DJ: Importance of alignment between local DC magnetic field and an 

oscillating magnetic field in responses of brain tissue in vitro and in vivo. Bioelectromagnetics. 1990; 11: 159-67. 

67. Blackman CF, Benane SG, Kinney LS, Joines WT, House DE: Effects of ELF fields on calcium-ion efflux from brain 

tissue  in vitro. Radiat Res. 1982; 92: 510-20. 

68. Goldsworthy A: The Biological Effects of Weak  Electromagnetic Fields. [Homepage on the Internet]. 2007 [cited 

2011 Feb 11]. Available from: Web site: http://www.hese-project.org/hese-uk/en/papers/ 

goldsworthy_bio_weak_em_07.pdf 

69. Prien SD, Lox CD, Messer RH, DeLeon FD: Seminal concentssrations of total and ionized calcium from men with 

normal   and decreased motility. Fertil Steril. 1990; 54: 171-2. 

70. Hong CY, Chiang BN, Turner P: Calcium ion is the key regulator of human sperm function. Lancet. 1984; 2: 1449-51. 

71. Kiliç S, Sarica K, Yaman O, Soygür T, Gögüs O, Yaman LS: Effect of total and ionized calcium levels of seminal 

fluid onsperm motility. Urol Int. 1996; 56: 215-8. 

72. Alavi SM, Cosson J: Sperm motility in fishes. (II)  Effects of ions and osmolality: a review. Cell Biol Int. 2006; 30: 

1-14. 

73. Larsson C: New insights into PKC family affairs: three novel phosphorylation sites in PKCepsilon and at least one is 

regulated by PKCalpha. Biochem J. 2008; 411: e15-6. 

74. Kimura K, Katoh N, Sakurada K, Kubo S: Phospholipid- sensitive Ca2+-dependent protein kinase system in testis:   

  localization and endogenous substrates. Endocrinology. 1984; 115: 2391-9. 

75. Naor Z, Breitbart H: Protein kinase C and mammalian spermatozoa acrosome reaction. Trends Endocrinol Metab. 

1997; 8: 337-42. 

76. Nishizuka Y: Studies and perspectives of protein kinase C. Science. 1986; 233: 305-12. 

77. Nikula H, Naor Z, Parvinen M, Huhtaniemi I: Distribution and activation of protein kinase C in the rat testis tissue. 

Mol Cell Endocrinol. 1987; 49: 39-49. 

78. Rotem R, Paz GF, Homonnai ZT, Kalina M, Naor Z: Further studies on the involvement of protein kinase C in human 

sperm flagellar motility. Endocrinology. 1990; 127: 2571-7. 79. Rotem R, Paz GF, Homonnai ZT, Kalina M, Naor Z: 

Protein kinase C is present in human sperm: possible role in flagellar motility. Proc Natl Acad Sci U S A. 1990; 87: 

7305-8. 

80. Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J: Effect of cell phone usage on semen analysis in men attending  



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

62 

 

infertility clinic: an observational study. Fertil Steril. 2008; 89: 124-8. 

81. Blank M, Goodman R: Electromagnetic fields may act   directly on DNA. J Cell Biochem. 1999; 75: 369-74. 

82. Dunphy WG, Brizuela L, Beach D, Newport J: The  Xenopus cdc2 protein is a component of MPF, a cytoplasmic  

regulator of mitosis. Cell. 1988; 54: 423-31. 

83. Gautier J, Norbury C, Lohka M, Nurse P, Maller J:  Purified maturation-promoting factor contains the product of a 

Xenopus  homolog of the fission yeast cell cycle control gene cdc2+.  

84. Moon K, Shin HJ, Ahn H, Kim J, Shin S, Yun S, et al.: Long-Term Exposure of Rats to 2.45 GHz Electromagnetic  

Field:  Effects on Reproductive Function,   in: Magjarevic R, Nagel JH (editors): World Congress on Medical Physics 

and Biomedical Engineering, IFMBE Proceedings 2006, Springer Berlin Heidelberg, 14(4): 2767-9. 

85. Kesari KKB: J. Effects of microwave at 2.45 GHz   radiations on reproductive system of male rats. Toxicological & 

   Environmental Chemistry. 2010; 92: 1135-47. 

86. Kesari KK, Behari J: Microwave exposure affecting reproductive system in male rats. Appl Biochem Biotechnol. 

2010; 162:  416-28. 

87. Cayli S, Sakkas D, Vigue L, Demir R, Huszar G:  Cellular maturity and apoptosis in human sperm:  creatine kinase, 

caspase-3 and Bcl-XL levels in mature  and diminished maturity sperm. Mol Hum Reprod. 2004; 10: 365-72. 

88. Ceruti S, Beltrami E, Matarrese P, Mazzola A, Cattabeni F, Malorni W, et al.: A key role for caspase-2 and caspase- 3 

in theapoptosis induced by 2-chloro-2’-deoxyadenosine (cladribine) and 2-chloro-adenosine in human astrocytoma cells. 

Mol Pharmacol. 2003; 63: 1437-47. 

89. Riedl SJ, Shi Y: Molecular mechanisms of caspase regulation during apoptosis. Nat Rev Mol Cell Biol. 2004; 5: 

897-907. 

90. Pommier Y, Sordet O, Antony S, Hayward RL, Kohn KW: Apoptosis defects and chemotherapy resistance: 

molecular   interaction maps and networks. Oncogene. 2004; 23: 2934-49. 

91. Spierings D, McStay G, Saleh M, Bender C, Chipuk  J, Maurer U, et al.: Connected to death: the (unexpurgated)  

      mitochondrial pathway of apoptosis. Science. 2005; 310: 66-7. 

92. Lee JS, Ahn SS, Jung KC, Kim YW, Lee SK: Effects  of 60 Hz electromagnetic field exposure on testicular germ cell 

  apoptosis in mice. Asian J Androl. 2004; 6: 29-34. 

93. Leszczynski D, Nylund R, Joenväärä S, Reivinen J: Applicability of discovery science approach to determine 

biological  

effects of mobile phone radiation. Proteomics. 2004; 4: 426-31. 

94. Lai H, Singh NP: Single- and double-strand DNA breaks in rat brain cells after acute exposure to radiofrequency  

  electromagnetic radiation. Int J Radiat Biol. 1996; 69: 513-21. 

95. Garaj-Vrhovac V, Horvat D, Koren Z: The effect of microwave radiation on the cell genome. Mutat Res. 1990; 243: 

87-93. 

96. Maes A, Verschaeve L, Arroyo A, De Wagter C, Vercruyssen L: In vitro cytogenetic effects of 2450 MHz waves on 

human peripheral blood lymphocytes.  Bioelectromagnetics. 1993; 14: 495-501. 

97. Sarkar S, Ali S, Behari J: Effect of low power microwave on the mouse genome: a direct DNA analysis. Mutat Res. 

1994; 320: 141-7. 

98. Belyaev IY, Koch CB, Terenius O, Roxström- Lindquist K, Malmgren LO, H Sommer W, et al.: Exposure of rat brain 

to 915  MHz GSM microwaves induces changes in gene expression but not double stranded DNA breaks or effects on  

    chromatin conformation. Bioelectromagnetics. 2006; 27: 295-306. 

99. Criswell KA, Krishna G, Zielinski D, Urda GA, Theiss JC, Juneau P, et al.: Use of acridine orange in: flow cytometric  

  assessment of micronuclei induction. Mutat Res. 1998; 414: 63-75. 

100.Gollapudi BB, McFadden LG: Sample size for the estimation of polychromatic to normochromatic erythrocyte ratio 

in the bone marrow micronucleus test. Mutat Res. 1995; 347: 97-9. 

101.Wang SM, Wang DW, Peng RY, Gao YB, Yang Y, Hu WH, et al.: Effect of electromagnetic pulse irradiation on 

structure  and function of Leydig cells in mice. Zhonghua Nan Ke Xue. 2003; 9: 327-30. 

102. Zhou W, Wang XB, Yang JQ, Liu Y, Zhang GB: Influence of electromagnetic irradiation on P450scc mRNA 

expression in rat testis tissues and protective  effect of the shield. Zhonghua Nan Ke Xue. 2005; 11: 269-71. 

103.Salama N, Kishimoto T, Kanayama HO, Kagawa S: The mobile phone decreases fructose but not citrate  in rabbit 

semen: a longitudinal study. Syst Biol Reprod   Med. 2009; 55: 181-7. 

104.de Seze R, Fabbro-Peray P, Miro L: GSM radiocellular  telephones do not disturb the secretion of antepituitary 

hormones in humans. Bioelectromagnetics. 1998; 19: 271-8. 



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

63 

 

105.Djeridane Y, Touitou Y, de Seze R: Influence of  electromagnetic fields emitted by GSM-900 cellular  telephones 

on thecircadian patterns of gonadal, adrenal and pituitary hormones in men. Radiat Res. 2008; 169: 337-43. 

106.Bortkiewicz A: A study on the biological effects of exposure mobile-phone frequency EMF. Med Pr. 2001; 52: 

101-6. 

107.Fang HH, Zeng GY, Nie Q, Kang JB, Ren DQ, Zhou JX, et al.: Effects on structure and secretion of pituitary gland in 

rats after electromagnetic pulse exposure. Zhonghua Yi Xue Za Zhi. 2010; 90: 3231-4. 

108.Mouradi RD, Nisarg; Erdemir, Ahmet; Agarwal, Ashok: The Use of FDTD in establishing In-vitro experimentation 

 conditions representative of lifelike cell phone radiation on the spermatozoa. 2011 (Unpublished observation). 

109.Administration USFaD. Cell Phones: Radiation- Emitting Products. Research. 2010; Available from:  

http://www.fda.gov/Radiation-EmittingProducts/ RadiationEmittingProductsandProcedures/Home- 

BusinessandEntertainment/CellPhones/default.htm 

110.Lee NG, Kent. Cell phone radiation levels. 2010; Available from: http://reviews.cnet.com/cell-phoneradiation-  

  levels/?tag=rb_content%3brb_mtx 111.Kesari KK, Kumar S, Behari J: Mobile phone usage and male infertility in 

Wistar rats. Indian J Exp Biol. 2010; 48: 987-92. 

112.De Iuliis GN, Newey RJ, King BV, Aitken RJ: Mobile phone radiation induces reactive oxygen species production 

and DNA damage in human spermatozoa in vitro. PLoS One. 2009; 4: e6446. 

113.Yan JG, Agresti M, Bruce T, Yan YH, Granlund A, Matloub HS: Effects of cellular phone emissions on sperm 

motility in rats. Fertil Steril. 2007; 88: 957-64. 

114.Erogul O, Oztas E, Yildirim I, Kir T, Aydur E, Komesli G, et al.: Effects of electromagnetic radiation from a cellular 

phone  on human sperm motility: an in vitro study. Arch Med Res. 2006; 37: 840-3. 

115.Makker K, Varghese A, Desai NR, Mouradi R, Agarwal A: Cell phones: modern man’s nemesis? Reprod Biomed 

Online. 2009; 18: 148-57. 

116  Habash RWY. Bioeffects and therapeutic applications of electromagnetic energy. Boca Raton: CRC Press 2008. 

117  Institute of Electrical and Electronics Engineers. Proceedings of the IEEE. Institute of Electrical and Electronics 

Engineers,  New York 1963. 

118 Inan US, Inan AS. Engineering electromagnetics. Menlo Park, Calif: Addison-Wesley 1999. 

119  D'Costa H, Trueman G, Tang L, et al. Human brain wave activity during exposure to radiofrequency field 

emissions frommobile phones. Australas Phys Eng Sci Med 2003; 26: 162-7. 

120  Kramarenko AV, Tan U. Effects of high-frequency electromagnetic fields on human EEG: a brain mapping study. 

Int J  Neurosci 2003; 113: 1007-19. 

121    Braune S, Wrocklage C, Raczek J, Gailus T, Lucking CH. Resting blood pressure increase during exposure to a 

radio-frequency electromagnetic field. Lancet 1998; 351: 1857-8. 

122   Roosli M, Michel G, Kuehni CE, Spoerri A. Cellular telephone use and time trends in brain tumour mortality in 

Switzerlandfrom 1969 to 2002. Eur J Cancer Prev 2007; 16: 77-82. 

123   Oftedal G, Wilen J, Sandstrom M, Mild KH. Symptoms experienced in connection with mobile phone use. Occup 

Med  (Lond) 2000; 50: 237-45. 

124  Wdowiak A, Wdowiak L, Wiktor H. Evaluation of the effect of using mobile phones on male fertility. Ann Agric 

EnvironMed 2007; 14: 169-72. 

125   Fejes I, Zavaczki Z, Szollosi J, et al. Is there a relationship between cell phone use and semen quality. Arch Androl 

2005; 51: 385-93. 

126 De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species production 

and   DNA damage in human spermatozoa in vitro. PLoS One 2009; 4(7): e6446. 

127  Agarwal A, Desai NR, Makker K, et al. Effects of radiofrequency electromagnetic waves (RF-EMW) from cellular 

phoneson human ejaculated semen: an in vitro pilot study. Fertil Steril 2009; 92: 1318-25. 

128]  Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis in men 

attending infertility clinic: an observational study. Fertil Steril 2008; 89: 124-8. 

129]  Wdowiak A, Wdowiak L, Wiktor H. Evaluation of the effect of using mobile phones on male fertility. Ann Agric 

Environ Med 2007; 14: 169-72. 

130   Kesari KK, Kumar S, Behari J. Mobile phone usage and male   infertility in Wistar rats. Indian J Exp Biol 2010; 

48: 987- 92. 

131   Salama N, Kishimoto T, Kanayama HO. Effects of exposure to a    mobile phone on testicular function and 

structure in  adult rabbit. Int J Androl 2010; 33: 88-94. 



Computer Engineering and Intelligent Systems                                                           www.iiste.org 
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) 

Vol.4, No.3, 2013 
 

 

64 

 

132  Zini A, Kamal K, Phang D, Willis J, Jarvi K. Biologic variability of sperm DNA denaturation in infertile men. 

Urology   2001; 58: 258- 61. 

133   Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV.  Impact of radio frequency electromagnetic 

radiation on DNA integrity in the male germline. Int J Androl 2005; 28: 171-9. 

134    De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen species 

production and  DNA damage in human spermatozoa in vitro. PLoS One 2009; 4(7): e6446. 

135  Falzone N, Huyser C, Franken DR, Leszczynski D. Mobile phone  radiation does not induce pro-apoptosis effects 

in human spermatozoa. Radiat Res 2010; 174: 169-76. 

136  Agarwal A, Desai NR, Makker K, et al. Effects of radiofrequency  electromagnetic waves (RF-EMW) from 

cellular phones on human ejaculated semen: an in vitro pilot study. Fertil Steril 2009; 92: 1318-25 

137   Dasdag S, Zulkuf Akdag M, Aksen F, et al. Whole body exposure of rats to microwaves emitted from a cell phone 

does not  affect the testes. Bioelectromagnetics 2003; 24: 182-8. 

138  Yan J-G, Agresti M, Bruce T, Yan YH, Granlund A, Matloub HS. Effects of cellular phone emissions on sperm 

motility in rats. Fertil Steril 2007; 88: 957-64. 

139   Goldsworthy A. The Cell Phone and the Cell. 1st Hellenic Congress  The Effects of Electromagnetic Radiation 

2008. 

140  Eltiti S, Wallace D, Ridgewell A, et al. Does short-term exposure to mobile phone base station signals increase 

symptomms  in  individuals who report sensitivity to electromagnetic fields? A double-blind randomized provocation 

study. Environmental  Health Perspect 2007; 115: 1603-8. 

141   Mouradi RD, Erdemir NA, Ashok A. The Use of FDTD in  establishing In-vitro experimentation conditions 

representative of lifelike cell phone radiation on the spermatozoa. 2010 [Unpublished data]. 

 

 



This academic article was published by The International Institute for Science, 

Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 

Publishing service based in the U.S. and Europe.  The aim of the institute is 

Accelerating Global Knowledge Sharing. 

 

More information about the publisher can be found in the IISTE’s homepage:  

http://www.iiste.org 

 

CALL FOR PAPERS 

The IISTE is currently hosting more than 30 peer-reviewed academic journals and 

collaborating with academic institutions around the world.  There’s no deadline for 

submission.  Prospective authors of IISTE journals can find the submission 

instruction on the following page: http://www.iiste.org/Journals/ 

The IISTE editorial team promises to the review and publish all the qualified 

submissions in a fast manner. All the journals articles are available online to the 

readers all over the world without financial, legal, or technical barriers other than 

those inseparable from gaining access to the internet itself. Printed version of the 

journals is also available upon request of readers and authors.  

IISTE Knowledge Sharing Partners 

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 

Archives Harvester, Bielefeld Academic Search Engine, Elektronische 

Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 

Library , NewJour, Google Scholar 

 

 

http://www.iiste.org/
http://www.iiste.org/Journals/

