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Abstract Objective: To investigate effects on rat testes of radiofrequency radiation emitted
from indoor Wi-Fi Internet access devices using 802.11.g wireless standards.
Methods: Ten Wistar albino male rats were divided into experimental and control groups, with
five rats per group. Standard wireless gateways communicating at 2.437 GHz were used as
radiofrequency wave sources. The experimental group was exposed to radiofrequency energy
for 24 h a day for 20 weeks. The rats were sacrificed at the end of the study. Intracardiac blood
was sampled for serum 8-hydroxy-20-deoxyguanosine levels. Testes were removed and exam-
ined histologically and immunohistochemically. Testis tissues were analyzed for malondialde-
hyde levels and prooxidanteantioxidant enzyme activities.
Results: We observed significant increases in serum 8-hydroxy-20-deoxyguanosine levels and 8-
hydroxyguanosine staining in the testes of the experimental group indicating DNA damage due
to exposure (p < 0.05). We also found decreased levels of catalase and glutathione peroxidase
activity in the experimental group, which may have been due to radiofrequency effects on
enzyme activity (p < 0.05).
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Use of laptop computers connected
to internet through Wi-Fi decreases
human sperm motility and increases
sperm DNA fragmentation
Conrado Avenda~no, M.S.,a Ariela Mata, M.S.,a C�esar A. Sanchez Sarmiento, M.D., Ph.D.,a

and Gustavo F. Doncel, M.D., Ph.D.b

a NascentisMedicina Reproductiva, C�ordoba, Argentina; and b CONRAD, Department ofObstetrics andGynecology, Eastern VirginiaMedical
School, Norfolk, Virginia

Objective: To evaluate the effects of laptop computers connected to local area networks wirelessly (Wi-Fi) on human spermatozoa.
Design: Prospective in vitro study.
Setting: Center for reproductive medicine.
Patient(s): Semen samples from 29 healthy donors.
Intervention(s): Motile sperm were selected by swim up. Each sperm suspension was divided into two aliquots. One sperm aliquot (experimental) from
each patient was exposed to an internet-connected laptop by Wi-Fi for 4 hours, whereas the second aliquot (unexposed) was used as control, incubated
under identical conditions without being exposed to the laptop.
Main Outcome Measure(s): Evaluation of sperm motility, viability, and DNA fragmentation.
Result(s): Donor sperm samples, mostly normozoospermic, exposed ex vivo during 4 hours to a wireless internet-connected laptop showed a significant
decrease in progressive spermmotility and an increase in sperm DNA fragmentation. Levels of dead sperm showed no significant differences between the
two groups.
Conclusion(s): To our knowledge, this is the first study to evaluate the direct impact of laptop use on human spermatozoa. Ex vivo exposure of human
spermatozoa to a wireless internet-connected laptop decreased motility and induced DNA fragmentation by a nonthermal effect. We speculate that
keeping a laptop connected wirelessly to the internet on the lap near the testes may result in decreased male fertility. Further in vitro and in vivo
studies are needed to prove this contention. (Fertil Steril� 2012;-:-–-. �2012 by American Society for Reproductive Medicine.)
Key Words: Laptop computer, Wi-Fi, sperm quality, fertility, sperm DNA fragmentation

I n recent years, the use of portable
computers (laptops, connected to
local area networks wirelessly, also

known as Wi-Fi) has increased dramat-
ically. Laptops have become indispens-
able devices in our daily life, offering
flexibility and mobility to users. People
using Wi-Fi may be exposed to radio
signals absorbing some of the transmit-
ted energy in their bodies. Portable
computers are commonly used on the
lap (1–3), therefore exposing the
genital area to radio frequency
electromagnetic waves (RF-EMW) as
well as high temperatures (3, 4).

Infertility is a common worldwide
condition that affects more than 70
million couples of reproductive age
(5). It has been suggested that male fer-
tility has declined during the past sev-
eral decades (6). Such decline has been
attributed to the direct or indirect expo-
sure to certain environmental factors
such as RF-EMW (7).

Extremely low frequency magnetic
fields can initiate a number of biochemi-
cal and physiological alterations in
biological systems of different species
(8–12). Many of these effects have been
associated with free-radical production

(13, 14). Free radicals are causative
factors of oxidative damage of cellular
structures and molecules such as lipids,
proteins, and nucleic acids. Free radicals
react with polyunsaturated fatty
acids in cell membranes promoting
a process called lipid peroxidation. In
human spermatozoa the presence of
unesterified polyunsaturated fatty acids
is causally associated with the induction
of reactive oxygen species (ROS)
generation and lipid peroxidation (15).
Damage may occur at the membrane
level, leading to immotility and cell
death, or at the DNA level. DNA integrity
is essential to normal conception.
Sperm DNA fragmentation has been
associated with impaired fertilization,
poor embryonic development, high
rates of miscarriage, and increased
incidence of morbidity in the offspring,
including childhood cancer (16, 17). It
has been proposed that genetic and
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in laryngotracheal mucosa of rat by melatonin
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Abstract It is well known that oxidative stress induces

larynx cancer, although antioxidants induce modulator role

on etiology of the cancer. It is well known that electro-

magnetic radiation (EMR) induces oxidative stress in dif-

ferent cell systems. The aim of this study was to investigate

the possible protective role of melatonin on oxidative stress

induced by Wi-Fi (2.45 GHz) EMR in laryngotracheal

mucosa of rat. For this purpose, 32 male rats were equally

categorized into four groups, namely controls, sham con-

trols, EMR-exposed rats, EMR-exposed rats treated with

melatonin at a dose of 10 mg/kg/day. Except for the con-

trols and sham controls, the animals were exposed to

2.45 GHz radiation during 60 min/day for 28 days. The

lipid peroxidation levels were significantly (p \ 0.05)

higher in the radiation-exposed groups than in the control

and sham control groups. The lipid peroxidation level in

the irradiated animals treated with melatonin was signifi-

cantly (p \ 0.01) lower than in those that were only

exposed to Wi-Fi radiation. The activity of glutathione

peroxidase was lower in the irradiated-only group relative

to control and sham control groups but its activity was

significantly (p \ 0.05) increased in the groups treated

with melatonin. The reduced glutathione levels in the

mucosa of rat did not change in the four groups. There is an

apparent protective effect of melatonin on the Wi-Fi-

induced oxidative stress in the laryngotracheal mucosa of

rats by inhibition of free radical formation and support of

the glutathione peroxidase antioxidant system.

Keywords Melatonin � Larynx � Trachea � Oxidative

stress � Wireless devices

Introduction

Wireless devices usages in industrial, scientific, medical,

military and domestic applications, with potential leakage,

of such radiation into the environment have increased by

leaps and bounds in past decade [1]. From being a luxury

and limited to the wealthy, wireless devices especially near

2.45 GHz is indispensable in daily lives [2]. However,

every technological advance and its overuse possess pos-

sible adverse effects [3].

Exposure to electromagnetic radiation (EMR) induces

degenerative effects via two ways, namely directly or

indirectly. Direct effects of EMR induce production of

reactive oxygen species (ROS), including superoxide anion,

hydrogen peroxide, and hydroxyl radicals. The ROS con-

tribute to tissue and DNA damages [1]. Exposure to

2.45 GHz EMR causes an increase in lipid peroxidation

levels and a decrease in the activity of enzymes that prevent

or protect against lipid peroxidation in tissues [4, 5]. The

human cells have nonenzymatic and enzymatic antioxidant

systems against degenerative effects of ROS. Glutathione
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Effects of Selenium and L-Carnitine on Oxidative Stress
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Abstract The levels of blood lipid peroxidation, glutathione peroxidase, reduced
glutathione, and vitamin C were used to follow the level of oxidative damage caused by
2.45 GHz electromagnetic radiation in rats. The possible protective effects of selenium and
L-carnitine were also tested and compared to untreated controls. Thirty male Wistar Albino
rats were equally divided into five groups, namely Groups A1 and A2: controls and sham
controls, respectively; Group B: EMR; Group C: EMR + selenium, Group D: EMR + L-
carnitine. Groups B–D were exposed to 2.45 GHz electromagnetic radiation during 60 min/
day for 28 days. The lipid peroxidation levels in plasma and erythrocytes were significantly
higher in group B than in groups A1 and A2 (p<0.05), although the reduced glutathione and
glutathione peroxidase values were slightly lower in erythrocytes of group B compared to
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Abstract

Aim: The effect of pulsed (100 Hz) microwave (MW) radiation on heart rate
variability (HRV) was tested in a double blind study. Materials and Methods:
Twenty-five subjects in Colorado between the ages of 37 to 79 completed an
electrohypersensitivity (EHS) questionnaire. After recording their orthostatic
HRV, we did continuous real-time monitoring of HRV in a provocation study,
where supine subjects were exposed for 3-minute intervals to radiation gener-
ated by a cordless phone at 2.4 GHz or to sham exposure. Results: Question-
naire: Based on self-assessments, participants classified themselves as
extremely electrically sensitive (24%), moderately (16%), slightly (16%), not
sensitive (8%) or with no opinion (36%) about their sensitivity. The top 10
symptoms experienced by those claiming to be sensitive include memory prob-
lems, difficulty concentrating, eye problems, sleep disorder, feeling unwell,
headache, dizziness, tinnitus, chronic fatigue, and heart palpitations. The five
most common objects allegedly causing sensitivity were fluorescent lights,
antennas, cell phones, Wi-Fi, and cordless phones. Provocation Experiment:
Forty percent of the subjects experienced some changes in their HRV attribut-
able to digitally pulsed (100 Hz) MW radiation. For some the response was
extreme (tachycardia), for others moderate to mild (changes in sympathetic
nervous system and/or parasympathetic nervous system). and for some there
was no observable reaction either because of high adaptive capacity or because
of systemic neurovegetative exhaustion. Conclusions: Orthostatic HRV
combined with provocation testing may provide a diagnostic test for some EHS
sufferers when they are exposed to electromagnetic emitting devices. This is the
first study that documents immediate and dramatic changes in both Hearth
Rate (HR) and HR variability (HRV) associated with MW exposure at levels
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well below (0.5%) federal guidelines in Canada and the United States (1000
microW/cm2).

Key Words: heart rate variability, microwave radiation, DECT phone, auto-
nomic nervous system, provocation study, sympathetic, parasympathetic, cord-
less phone, 2.4 GHz, electrohypersensitivity

Introduction

A growing population claims to be sensitive to devices emitting electromagnetic
energy. Hallberg and Oberfeld1 report a prevalence of electrohypersensitivity (EHS)
that has increased from less than 2% prior to 1997 to approximately 10% by 2004 and
is expected to affect 50% of the population by 2017. Whether this is due to a real
increase in EHS or to greater media attention, is not known. However, to label EHS as
a psychological disorder or to attribute the symptoms to aging and/or stress does not
resolve the issue that a growing population, especially those under the age of 60, are
suffering from some combination of fatigue, sleep disturbance, chronic pain, skin, eye,
hearing, cardiovascular and balance problems, mood disorders as well as cognitive
dysfunction and that these symptoms appear to worsen when people are exposed to
electromagnetic emitting devices2-7.

The World Health Organization (WHO) organized an international seminar and
working group meeting in Prague on EMF Hypersensitivity in 2004, and at that meeting
they defined EHS as follows8:

“. . . a phenomenon where individuals experience adverse health effects while using
or being in the vicinity of devices emanating electric, magnetic, or electromagnetic
fields (EMFs) . . . Whatever its cause, EHS is a real and sometimes a debilitating
problem for the affected persons . . . Their exposures are generally several orders of
magnitude under the limits in internationally accepted standards.”

The WHO goes on to state that:

“EHS is characterized by a variety of non-specific symptoms, which afflicted indi-
viduals attribute to exposure to EMF. The symptoms most commonly experienced
include dermatological symptoms (redness, tingling, and burning sensations) as well
as neurasthenic and vegetative symptoms (fatigue, tiredness, concentration difficul-
ties, dizziness, nausea, heart palpitation and digestive disturbances). The collection
of symptoms is not part of any recognized syndrome.”

Both provocation studies (where individuals are exposed to some form of electro-
magnetic energy and their symptoms are documented) and amelioration studies (where
exposure is reduced) can shed light on the offending energy source and the type and rate
of reaction.

Several amelioration studies have documented improvements in the behavior of
students and the health and wellbeing of teachers9, among asthmatics10, and in both
diabetics and those with multiple sclerosis11,12 when their exposure to dirty electricity is
reduced. Dirty electricity refers to microsurges flowing along electrical wires in the kHz
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Abstract 

The present study investigated the influence of electromagnetic fields, similar to that emitted by Wi-Fi system, 

on brain activity. Fifteen female and fifteen male subjects performed a short memory task (Wechsler test), both 

without and with exposure to a 2.4GHz Wi-Fi signal. For each subject, radiation condition and electrode, the 

amplitude in the frequency domain of the EEG signal was calculated from the recordings of 30 scalp electrodes, 

using the Fourier transform.  

The presence of radiation had no effect on the energies of alpha and beta band of male subjects, while it reduced 

these energies of female subjects, resulting in significantly lower energies, as compared to those of males. 

Delta and theta band energies did not experience any noteworthy effect from gender, radiation condition and 

their interaction. Conversely, there was a significant interaction effect (gender x radiation) on the energies of 

alpha and beta rhythms. 

Interestingly, this pattern was observed for a number of electrodes, which formed two distinct clusters
.
 one 

located at right- anterior and the second at occipital brain areas.  

The present data support the idea that Wi-Fi signal may influence normal physiology through changes in gender 

related cortical excitability, as reflected by alpha and beta EEG frequencies. 

 









Melatonin modulates wireless (2.45 GHz)-induced oxidative injury through TRPM2
and voltage gated Ca2+ channels in brain and dorsal root ganglion in rat
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We aimed to investigate the protective effects of melatonin and 2.45 GHz electromagnetic radiation (EMR)
on brain and dorsal root ganglion (DRG) neuron antioxidant redox system, Ca2+ influx, cell viability and
electroencephalography (EEG) records in the rat. Thirty two rats were equally divided into four different
groups namely group A1: Cage control, group A2: Sham control, group B: 2.45 GHz EMR, group C:
2.45 GHz EMR+melatonin. Groups B and C were exposed to 2.45 GHz EMR during 60 min/day for 30 days.
End of the experiments, EEG records and the brain cortex and DRG samples were taken. Lipid peroxidation
(LP), cell viability and cytosolic Ca2+ values in DRG neurons were higher in group B than in groups A1 and A2
although their concentrations were increased by melatonin, 2-aminoethyldiphenyl borinate (2-APB), diltiazem
and verapamil supplementation. Spike numbers of EEG records in group Cwere lower than in group B. Brain cor-
tex vitamin E concentration was higher in group C than in group B. In conclusion, Melatonin supplementation
in DRG neurons and brain seems to have protective effects on the 2.45 GHz-induced increase Ca2+ influx, EEG
records and cell viability of the hormone through TRPM2 and voltage gated Ca2+ channels.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

In present times there is widespread use of 2.45 GHz irradiation-
emitting devices in industrial, scientific, medical, military and do-
mestic applications, with potential leakage of such radiation into
the environment [1]. Several studies have suggested that biological
systems might be sensitive to such form of radiation [2,3]. Today there
is widespread use of 2.45 GHz radiation from common household
devices like microwave ovens, wireless access points, and computers,
which in some cases were shown to be carcinogenic [4].

Reactive oxygen substances (ROS) are produced by a free radical
chain reaction, which can also be initiated by ROS [5]. ROS also cause

injury by reacting with biomolecules such as lipids, proteins and
nucleic acids as well as by depleting enzymatic antioxidant such as
glutathione peroxidase (GSH-Px) and/or nonenzymatic antioxidants
such as reduced glutathione (GSH), vitamins A, C, E and β-carotene
in the brain and neuronal cells [6]. Pain and brain diseases are im-
paired in individuals with brain and sensory neuron-related neurode-
generative diseases; this is believed to be, in part, the result of
excessive production of ROS [7]. The brain and neurons consume the
highest amount of oxygen in the human body [6] although most of
the oxygen used in brain tissues is converted to CO2 and water, small
amounts of oxygen form ROS [5]. The existence of polyunsaturated
fatty acids which are targets of the ROS in the brain makes this organ
more sensitive to oxidative damage [8]. ROS may be involved in
the action of cell phone-induced electromagnetic radiation (EMR) on
biological systems [2,9–11].

Neuropathic pain states severely limit the quality of life. There
are several types of sensory neurons in dorsal root ganglion (DRG)
neurons with responsiveness to different kinds of external and inter-
nal stimuli. These stimuli such as nociceptive, thermal and mechani-
cal activate different receptors and ion channels that are present in
the nerve terminals at the sensory receptive fields. Their expression
in selective subsets of DRG neurons determines the response profile
of individual neurons to a given stimulus [12]. Ca2+ homeostasis is
one of the most important factors of cellular physiological function. It
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Summary

Wireless devices have become part of everyday life and mostly located near repro-

ductive organs while they are in use. The present study was designed to determine

the possible protective effects of melatonin on oxidative stress–dependent testis
injury induced by 2.45-GHz electromagnetic radiation (EMR). Thirty-two rats

were equally divided into four different groups, namely cage control (A1), sham

control (A2), 2.45-GHz EMR (B) and 2.45-GHz EMR+melatonin (C). Group B

and C were exposed to 2.45-GHz EMR during 60 min day�1 for 30 days. Lipid

peroxidation levels were higher in Group B than in Group A1 and A2. Melatonin

treatment prevented the increase in the lipid peroxidation induced by EMR. Also

reduced glutathione (GSH) and glutathione peroxidase (GSH-Px) levels in Group

D were higher than that of exposure group. Vitamin A and E concentrations

decreased in exposure group, and melatonin prevented the decrease in vitamin E

levels. In conclusion, wireless (2.45 GHz) EMR caused oxidative damage in testis

by increasing the levels of lipid peroxidation and decreasing in vitamin A and E

levels. Melatonin supplementation prevented oxidative damage induced by EMR

and also supported the antioxidant redox system in the testis.

Introduction

There is widespread use of 2.45-GHz irradiation emitting

wireless devices in industrial, scientific, medical, military

and domestic applications, in the recent century. There-

fore, the leakage of irradiation into the environment is

inevitable (Wang et al., 2005; Crouzier et al., 2007). Stud-

ies had already shown the effects of 2.45-GHz electromagnetic

radiation on different body parts like nervous system,

body weight, tissue morphology and histology, blood bio-

chemical parameters, hormones, immune system and

reproductive system (Aweda et al., 2003; Hossmann &

Hermann, 2003; Kim et al., 2007; Nazıroğlu & Gümral,

2009; Kumar et al., 2011a; Saygin et al., 2011). There is a

consequence that exposure to electromagnetic radiation

(EMR) is with enhanced production of reactive oxygen

species (ROS), including superoxide anion, hydrogen

peroxide and hydroxyl radicals (Murphy et al., 1993;

Aweda et al., 2003). These species and/or other free radi-

cals may be involved in the interactions of EMR on

biological systems, but the cellular and molecular mecha-

nisms involved in this process are not totally clear (Kim

& Rhee, 2004; Gumral et al., 2009; Nazıroğlu & Gümral,

2009). Some studies showed exposure to 2.45-GHz EMR

may cause an increase in lipid peroxidation levels and a

decrease in antioxidant enzymes that prevent or protect

against lipid peroxidation (LPO) in reproductive tissues

of male rats (Kumar et al., 2011b).

Melatonin (N-acetyl-5-methoxy-tryptamine) is synthes-

ised mainly by the pineal gland and has been considered

a potent antioxidant, even more potent than vitamin

E, which detoxifies a variety of ROS in many pathophysi-

ological states (Pieri et al., 1994; Ekmekcioglu, 2006). The

direct effects of melatonin on the male reproductive

system and testosterone synthesis from Leydig cells have

also been examined in studies on animals. Because mela-

tonin binding sites have been detected in the reproductive

system of different species, it seems reasonable to assume

that melatonin exerts its actions not only as an antioxidant

but also through direct interaction with the steroidogenic

cells of the reproductive organs (Oner-Iyidogan et al.,

2001; Armagan et al., 2006).

© 2012 Blackwell Verlag GmbH 1
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The P300 component of event-related potentials (ERPs) is believed to index attention and
working memory (WM) operation of the brain. The present study focused on the possible
gender-related effects of Wi-Fi (Wireless Fidelity) electromagnetic fields (EMF) on these
processes. Fifteen male and fifteen female subjects, matched for age and education level,
were investigated while performing a modified version of the Hayling Sentence Completion
test adjusted to induce WM. ERPs were recorded at 30 scalp electrodes, both without and
with the exposure to a Wi-Fi signal. P300 amplitude values at 18 electrodes were found to
be significantly lower in the response inhibition condition than in the response initiation
and baseline conditions. Independent of the above effect, within the response inhibition
condition there was also a significant gender X radiation interaction effect manifested at
15 leads by decreased P300 amplitudes of males in comparison to female subjects only
at the presence of EMF. In conclusion, the present findings suggest that Wi-Fi exposure
may exert gender-related alterations on neural activity associated with the amount of
attentional resources engaged during a linguistic test adjusted to induce WM.

Keywords: Wi-Fi; P300 ERP component; Hayling; gender; EMF.

1. Introduction

Concern of health effects due to EMF, specifically radiofrequency (RF) exposure is
currently arising. Numerous studies have investigated the potential effects of EMF,

§Corresponding author.
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2.45 GHz Microwave Irradiation-Induced Oxidative
Stress Affects Implantation or Pregnancy in Mice,
Mus musculus
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Abstract The present experiment was designed to study the 2.45 GHz low-level microwave
(MW) irradiation-induced stress response and its effect on implantation or pregnancy in
female mice. Twelve-week-old mice were exposed to MW radiation (continuous wave for
2 h/day for 45 days, frequency 2.45 GHz, power density=0.033549 mW/cm2, and specific
absorption rate=0.023023 W/kg). At the end of a total of 45 days of exposure, mice were
sacrificed, implantation sites were monitored, blood was processed to study stress parame-
ters (hemoglobin, RBC and WBC count, and neutrophil/lymphocyte (N/L) ratio), the brain
was processed for comet assay, and plasma was used for nitric oxide (NO), progesterone and
estradiol estimation. Reactive oxygen species (ROS) and the activities of ROS-scavenging
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enzymes— superoxide dismutase, catalase, and glutathione peroxidase—were determined in
the liver, kidney and ovary. We observed that implantation sites were affected significantly in
MW-irradiated mice as compared to control. Further, in addition to a significant increase in
ROS, hemoglobin (p<0.001), RBC and WBC counts (p<0.001), N/L ratio (p<0.01),
DNA damage (p<0.001) in brain cells, and plasma estradiol concentration (p<0.05), a
significant decrease was observed in NO level (p<0.05) and antioxidant enzyme activ-
ities of MW-exposed mice. Our findings led us to conclude that a low level of MW
irradiation-induced oxidative stress not only suppresses implantation, but it may also
lead to deformity of the embryo in case pregnancy continues. We also suggest that MW
radiation-induced oxidative stress by increasing ROS production in the body may lead to
DNA strand breakage in the brain cells and implantation failure/resorption or abnormal
pregnancy in mice.

Keywords Microwave radiation . Reactive oxygen species (ROS) . Nitric oxide . Antioxidant
enzyme activity . Implantation failure

Introduction

Microwaves (MW) are non-ionizing electromagnetic radiation (EMR) (wavelength ranging
from 1 mm to 1 m and frequency between 0.3 and 300 GHz), which unlike ionizing
radiation, do not contain sufficient energy to break the bond or chemically change the
substances by ionization. In general, non-ionizing radiations are associated with two major
potential hazards, i.e., electrical and biological. In recent times, the level of EMR in our
environment has increased manifold due to a large-scale expansion of communication
networks such as mobile phones, base stations, WLAN, Wi-Fi, Wi-MAX, etc. Radiations
emitted from these modern devices are reported to induce various types of biological effects
which are of great concern to human health due to its increased use in daily life. MW
radiation primarily increases the temperature of the biological system, i.e., thermal effects
[1], but its nonthermal effects have also been noted and studied in detail [2–8]. Nonthermal
effects occur when the intensity of the MW radiation is sufficiently low so that the amount of
energy involved would not significantly increase the temperature of a cell, tissue, or an
organism, but may induce some physical or biochemical changes [9]. Prolonged exposure to
low intensity 2.45 GHz microwave radiation may affect the cholinergic activity in the rat [2],
brain development in mice [10], DNA breakage in rat brain [11], and histone kinase activity
in rat [12], which results in neurological problems and reproductive disorders [13–15], in
addition to changes in hematopoiesis of pregnant mice [16] and micronucleated erythrocytes
in rats [17]. The International Agency for Research on Cancer has also kept radiofrequency
electromagnetic fields in the list of factors causing cancer to humans. Some studies
performed in this context suggest that people heavily exposed to these radiations are more
prone to nonmalignant tumors [18]. It has been reported that mobile phone or cell phone
radiation (a type of MW radiation) causes changes in cognitive function [19]. A German
study has indicated an increase in cancer around base stations. Mobile phones use electro-
magnetic radiation in a microwave range (2G—900/1,800 MHz, 3G—2,100 MHz frequency
band) which some believe may be harmful to human health. People living close to 2G and
mostly 3G mobile phone masts or base stations frequently report symptoms of electromag-
netic hypersensitivity such as dizziness, headaches, skin conditions, allergies, and many
other problems. Hardell and groups [20, 21] have reported the health implications of mobile
phone exposure (800–2,200 MHz). They found that cell phone users had an increased risk of

1728 Appl Biochem Biotechnol (2013) 169:1727–1751



Selenium and L-Carnitine Reduce Oxidative Stress
in the Heart of Rat Induced by 2.45-GHz Radiation
from Wireless Devices
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Abstract The aim of this study was to investigate the possible protective role of selenium and
L-carnitine on oxidative stress induced by 2.45-GHz radiation in heart of rat. For this purpose,
30 male Wistar Albino rats were equally divided into five groups namely controls, sham
controls, radiation-exposed rats, radiation-exposed rats treated with intraperitoneal injections
of sodium selenite at a dose of 1.5 mg/kg/day, and radiation-exposed rats treated with
intraperitoneal injections of L-carnitine at a dose of 1.5 mg/kg/day. Except for the controls and
sham controls, the animals were exposed to 2.45-GHz radiation during 60 min/day for
28 days. The lipid peroxidation (LP) levels were higher in the radiation-exposed groups
than in the control and sham control groups. The lipid peroxidation level in the
irradiated animals treated with selenium and L-carnitine was lower than in those that
were only exposed to 2.45-GHz radiation. The concentrations of vitamins A, C, and E
were lower in the irradiated-only group relative to control and sham control groups, but their
concentrations were increased in the groups treated with selenium- and L-carnitine. The activity
of glutathione peroxidase was higher in the selenium-treated group than in the animals that
were irradiated but received no treatment. The erythrocyte-reduced glutathione and β-
carotene concentrations did not change in any of the groups. In conclusion, 2.45-GHz
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electromagnetic radiation caused oxidative stress in the heart of rats. There is an apparent
protective effect of selenium and L-carnitine by inhibition of free radical formation and
support of the antioxidant redox system.

Keywords 2.45-GHz electromagnetic radiation . Oxidative stress . Antioxidant enzymes .

Antioxidant vitamins . L-Carnitine . Selenium

Introduction

Many devices that emit 2.45-GHz radiation are in use for industrial, scientific, medical,
military, and domestic purposes present a potential health and environmental problem [1].
Several studies have suggested that biological systems could exhibit a specific sensitivity to
2.45-GHz electromagnetic radiation [2–4]. Other studies were extended to electromagnetic
radiation (EMR) generated from common household devices like microwave ovens,
wireless access points, and computers which were also shown to have negative health
effects, and that antioxidants showed a protective effect on 900-MHz mobile phone
emissions [5, 6].

These types of radiation positively correlate to generation of oxygen-derived radicals
(ROS) such as superoxide radical ions. The heart is the organ that consumes the greatest
amount of oxygen, which makes it at greatest risk of oxidative stress and, in consequence,
most susceptible to oxidative damage [1, 6, 7]. Superoxide ion radicals and other free radical
species may be involved in the interactions of EMR on biological systems, but the cellular
and molecular mechanisms involved in this process are still poorly understood [8, 9].

Exposure to 2.45-GHz EMR caused an increase in lipid peroxidation levels and a
decrease in the activity of enzymes and vitamins that prevent or protect against lipid
peroxidation in blood [8] and brain [9].

The body has enzymatic and non-enzymatic antioxidant systems. Enzymatic
antioxidants neutralize excessive ROS, preventing them from damaging the cellular
structure. Among those are superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GSH-Px) [10, 11]. In particular, GSH-Px is a selenium (Se)-
containing enzyme responsible for the reduction of hydro- and organic peroxides in the
presence of reduced glutathione (GSH) [12]. Se is also required for the catalytic activity
of another critical antioxidant enzyme, mammalian thioredoxin reductase (TR). Along
with vitamins C and E, Se is widely recognized as an essential part of the antioxidant
system [11–13].

L-Carnitine (L-Car) is a low molecular weight compound obtained from the diet or
biosynthesized from lysine and methionine. It has been identified in a variety of
mammalian tissues and has an essential role in the mitochondrial oxidation of long-chain
fatty acids through the action of specialized acyltransferases. Other roles for carnitine
include buffering of the acyl coenzyme A/coenzyme A ratio, branched-chain amino acid
metabolism, removal of excess acyl groups, and peroxisomal fatty acid oxidation [14]. L-
Car has also been found to attenuate free radical-induced oxidative stress in various
pathological conditions of heart [15]. The growing body of evidence about carnitine
function in heart has led to increased understanding and identification of heart disorders
associated with altered carnitine metabolism. However, there is no report on L-Car and
2.45 GHz-induced antioxidant redox system in heart.

There are no reports on the effects of wireless devices emitting 2.45 GHz radiation in the
heart of experimental animals. The aim of the present study was to investigate the effects of

Se and L-Carnitine Protect Electromagnetic Radiation in Rat 1641
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a  b  s  t  r  a  c  t

Computer  simulation  using  MRI  scans  of  children  is the  only  possible  way  to  determine  the
microwave  radiation  (MWR)  absorbed  in  specific  tissues  in children.  Children  absorb  more
MWR than  adults  because  their  brain  tissues  are  more  absorbent,  their skulls  are thinner
and  their  relative  size  is smaller.  MWR  from  wireless  devices  has  been  declared  a  possible
human  carcinogen.  Children  are  at greater  risk  than  adults  when  exposed  to any  carcinogen.
Because  the average  latency  time  between  first exposure  and  diagnosis  of a  tumor  can  be
decades,  tumors  induced  in  children  may  not  be  diagnosed  until  well  into  adulthood.  The
fetus is  particularly  vulnerable  to MWR.  MWR  exposure  can  result  in  degeneration  of  the
protective  myelin  sheath  that  surrounds  brain  neurons.  MWR-emitting  toys  are  being  sold
for use  by  young  infants  and  toddlers.  Digital  dementia  has  been  reported  in  school  age
children. A case  study  has  shown  when  cellphones  are  placed  in teenage  girls’  bras  multiple
primary  breast  cancer  develop  beneath  where  the  phones  are  placed.  MWR  exposure  limits
have remained  unchanged  for  19  years.  All manufacturers  of smartphones  have  warnings
which  describe  the minimum  distance  at which  phone  must  be  kept  away  from  users  in

order to not  exceed  the  present  legal  limits  for exposure  to  MWR.  The  exposure  limit  for
laptop computers  and  tablets  is  set when  devices  are  tested  20 cm  away  from  the  body.
Belgium,  France,  India  and  other  technologically  sophisticated  governments  are  passing
laws  and/or  issuing  warnings  about  children’s  use  of  wireless  devices.

©  2014  Saudi  Society  of  Microscopes.  Published  by  Elsevier  Ltd.  All  rights  reserved.
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1. Introduction

Here we discuss: how the amount of MWR  can be cal-
culated, children’s greater absorption of MWR  compared
to adults’ adsorption, MWR’s listing as a Class 2B (possible)
carcinogen, the existing legal limits for human exposure to
MWR,  and that the existing legal limits do not incorporate
the greater exposure to children.

1.1. Computer simulation

The finite-difference, time-domain (FDTD) computer
algorithm has been the best way to simulate the amount
of absorbed MWR  in tissues for many decades. In 1997
the U.S. Federal Communications Commission (FCC) stated,
“Currently, the finite-difference time-domain (FDTD) algo-
rithm is the most widely accepted computational method
for SAR modeling. This method adapts very well to the tis-
sue models that are usually derived from MRI  or CT scans.
FDTD method offers great flexibility in modeling the inho-
mogeneous structures of anatomical tissues and organs.
The FDTD method has been used in many far-field electro-
magnetic applications during the last three decades. With
recent advances in computer technology, it has become
possible to apply this method to near-field applications for
evaluating handsets” [1].

1.2. Children’s greater absorption of MWR

There are multiple studies showing that children absorb
more MWR  than adults. In 1996 a study reported that the
absorbed MWR  penetrated proportionally deeper into the
brain of children age 5 and 10 compared to adults’ brains
[2].
In 2008 Joe Wiart, a senior researcher for French tele-
com and Orange reported that the brain tissue of children
absorbed about two times more MWR  than adults’ brain
tissue [3].
 . . . . .  .  . .  .  . . . . . .  .  . . .  . . .  .  . . . . . .  . . . . .  . . . . .  . . . . .  . . .  .  . . . .  . . . .  .  . .  .  . .  .  203

A 2009 study reported the CNS absorption by children
is “significantly larger (∼2×) because the RF [MWR]  source
is closer and skin and bone layers are thinner”, and “bone
marrow exposure strongly varies with age and is signifi-
cantly larger for children (∼10×)” [4].

In 2010, Andreas Christ and team reported children’s
hippocampus and hypothalamus absorbs 1.6–3.1 times
higher and the cerebellum absorbs 2.5 times higher MWR
compared to adults’; children’s bone marrow absorbs 10
times higher MWR  radiation than in adults, and children’s
eyes absorb higher MWR  than adults [5]. These calculations
were based on porcine measurements taken from sacrificed
animals.

1.3. Microwave radiation is a Class 2B (possible)
carcinogen

After 30 experts from 14 countries reviewed the science,
the World Health Organization’s (WHO’s) International
Agency for Research on Cancer (IARC) declared that RF-EMF
[MWR]  is a Class 2B (possible) carcinogen [6]. It was a near
unanimous declaration (one dissenter).

Including MWR,  there are 285 agents listed by WHO’s
IARC as Class 2B carcinogens [7]. Exposures to almost
all of these agents are regulated. Some of the commonly
recognized agents are: carbon black, carbon tetrachlo-
ride, chloroform, DDT, lead, nickel, phenobarbital, styrene,
diesel fuel, and gasoline.

Like these other Class 2B Carcinogens, should anyone,
particularly children, be exposed to MWR?

1.3.1. Children are at increased risk when exposed to

carcinogens

Children are at greater risk from exposure to carcino-
gens than adults, and the younger the child, the higher the
risk [8–10].
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itioned over the feeding bottle at a distance of 4.5–22.3 cm
from each mouse depending on the location of the mouse
within the cage. Controls were under the same condition
but the phone was not active. The observed effects were
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.4. Exposure limits

In 1996, the FCC adopted the IEEE 1991[11] standard
ith some details from the 1986 NCRP Report [12] as expo-

ure limits in the United States. Nineteen years after the
CC exposure limits were published, based on documents
ublished 24 and 29 years previously, the legal exposure

imit has remained unchanged. Yet during these decades an
normous body of scientific studies was published repor-
ing risk well below the legal exposure limit.

The Institute of Electrical and Electronic Engineers
IEEE) is an industry professional organization, as is the
ational Council on Radiation Protection (NCRP). Neither
rganization had medical or public health expertise.

In European countries and a few other countries, the
xposure limits are based on the 1998 “Guidelines” of the
nternational Commission for Non-Ionizing Radiation Pro-
ection (ICNIRP) [13]. These “Guidelines” were based on
ublications from 1984, 1987, 1991, and 1993 [page 494].
hat is the “Guidelines” were based on publications up to
1 years ago, Similar to the IEEE and NCRP, ICNIRP is an
rganization without medical or public health expertise. It
s accountable to no government and its funding sources
re not transparent.

.4.1. The 19 year old IEEE and 17 year old ICNIRP
xposure limits are based on a false premise

The exposure limits are premised on an assumption
hat the only biological effect from MWR  exposure is acute
short-term) heating sufficient to cause tissue damage.
here is no consideration of the effects from chronic (long-
erm) exposures. There are many scientific papers that
eport biological impacts tied with non-thermal (no mea-
urable temperature change) effects. Indeed, the 480-page
ARC Monograph 102 that documents the science that led
o the declaration that MWR  is a Class 2B (possible) car-
inogen is a virtual compendium of such papers [14].

.4.2. FCC compliance requirements do not comport with
urrent testing systems

The FCC requires “For purposes of evaluating compli-
nce with localized SAR guidelines, portable devices should
e tested or evaluated based on normal operating positions
r conditions” [15]. But phones are not tested in pants or
hirt pockets. As a result every cellphone manual has war-
ings that the phone should be kept at various distances

rom the body otherwise the human exposure limits can
e exceeded.

Here are two of many examples:

1) The BlackBerry Torch 9800 Smart Phone warns,
“keep the BlackBerry device at least 0.98 in. (25 mm)
from your body (including the abdomen of pregnant
women and the lower abdomen of teenagers).” “Lower
abdomen” is an oblique reference to testicles and
“abdomen of pregnant women” is an oblique reference
to the fetus.
2) The iPhone 5’s manual is embedded within the phone:
Users must go to “Settings,” and scroll down to “Gen-
eral,” then scroll to the bottom to “About,” go to “Legal,”
scroll down to “RF [MWR]  Exposure” where it reads, “To
d Ultrastructure 2 (2014) 197–204 199

reduce exposure to RF energy, use a hands-free option,
such as the built-in speakerphone, the supplied head-
phones, or other similar accessories. Carry iPhone at
least 10 mm away from your body to ensure exposure
levels remain at or below the as-tested [exposure limit]
levels.”

1.4.3. There is a 20 cm distance rule for tablets and
laptop computers

“For purposes of these requirements mobile1 devices
are defined by the FCC as transmitters designed to be used
in other than fixed locations and to generally be used in
such a way  that a separation distance of at least 20 cm is
normally maintained between radiating structures and the
body of the user or nearby persons” [16].

Clearly, this 20 cm rule contradicts the “normal oper-
ating position” regulation in the description “a separation
distance of at least 20 cm is normally maintained.” Indeed,
“laptop” computer directly implies that it is to be placed on
a lap which is not 20 cm distant from the user.

The growing use of tablets by young children in schools
contradicts these normal tested conditions as well, as these
children have shorter arms that do not allow them to hold
devices 20 cm from their bodies.

2. Materials and methods

We  have performed a review of the peer-reviewed cell-
phone exposure epidemiology from 2009 to 2014, and
cellphone dosimetry since the 1970s from a previous paper
[17], along with relevant governmental and other policy
documents, manufacturers’ manuals and similar docu-
ments.

3. Results

3.1. Early development

Here we  present evidence of harmful effects from expo-
sure to MWR  during early developmental stages both in
animals and in humans.

3.1.1. Fetal exposures
A study from Yale University School of Medicine

exposed mice in utero to MWR  [18]. The study reported
that these mice were hyperactive and had impaired mem-
ory “due to altered neuronal developmental programming.
Exposed mice had dose-responsive impaired glutamater-
gic synaptic transmission onto layer V pyramidal neurons
of the prefrontal cortex.” During pregnancy the mice were
irradiated by a cellphone positioned above each cage pos-
1 The FCC defines laptop computers, tablets and similar devices as
“mobile devices” in comparison to “portable devices” which are cell and
cordless phones and similar devices; the former falls under the 20 cm rule,
the latter has no such rule.



scopy and Ultrastructure 2 (2014) 197–204
200 L.L. Morgan et al. / Journal of Micro

similar to attention deficit hyperactivity disorder (ADHD)
in children.

A Turkish study reported on a 900 MHz  in utero expo-
sure of rats [19]. “The results showed that prenatal EMF
exposure caused a decrease in the number of granule
cells in the dentate gyrus of the rats (p < 0.01). This sug-
gests that prenatal exposure to a 900 MHz  EMF  affects the
development of the dentate gyrus granule cells in the rat
hippocampus.”

A Chinese study investigated effects of MWR  emitted by
cellphones on rat CNS, in vitro (cortical neuronal cells) and
in vivo (rat’s brain) [20]. Neuronal cells had a significantly
higher death rate at power densities of 0.05 mW/cm2 and
above. In vivo results show increased apoptosis with DNA
fragmentation.

3.1.2. Myelination
A myelin sheath covering neurons acts as an insulation

of the electrical activity of neurons. In human embryos, the
first layer develops from mid-gestation to 2 years of age and
continues into adolescence [21]. Myelination of the brain
is not complete until early adulthood.

There are two studies with reported degeneration of the
myelin sheath after MWR  exposure:

A 1972 study from Poland reported myelin degeneration
and glial cell proliferation in guinea pigs and rabbits from
a 3 GHz exposure [22].

In 1977 Switzer & Mitchell reported a 2.45 GHz expo-
sure in rats increased myelin degeneration in rat brains at
6 weeks after exposure. They concluded “The results of our
study and related investigations by others indicated that
exposures to low-intensity MW irradiation can result both
in transient and in long-term structural anomalies in CNS
tissue and may  result in various hematologic irregularities”
[23].

3.2. Children and adolescents

Aydin et al. in a study of cellphone use by children and
adolescents (median age 13 years), reported a significant
risk of brain cancer and a significant exposure–response
relationship for >2.8 years since first cellphone subscrip-
tion, OR = 2.15, CI = 1.07–4.29, p-trend = 0.001 for increasing
risk with increasing time since first subscription with oper-
ator recorded use data (billing records) [24]. Yet the study’s
conclusion states, “The absence of an exposure–response
relationship either in terms of the amount of mobile phone
use . . . argues against a causal association.” It is unclear why
the conclusion directly contradicts the published results.
The study was funded in part by cellphone companies.

A Swedish study reported when first cellphone use
began as a teenager or younger there was a significant ipsi-
lateral risk of brain cancer, OR = 7.8, CI = 2.2–28, p < 0.01,
and an almost identical ipsilateral risk from cordless phone
use, OR = 7.9, CI = 2.5–25, p < 0.001 [9].

A Korean study found risks for ADHD in first grade (ages
7–8) children and followed them to ages 12–13 [25]. “The

ADHD symptom risk associated with mobile phone use
for voice calls but the association was limited to children
exposed to relatively high [blood] lead [levels].” With an
average time per cellphone call of ½ to <1 min, OR = 5.66,
Fig. 1. Increase of parotid gland tumors relative to other salivary gland
tumors in Israel.

CI = 1.31–24.51 and for 1+ minutes per call, OR = 7.20,
CI = 1.37–37.91, p-trend = 0.02. For children playing games
for 3+ minutes/day a significant risk for ADHD, OR = 1.94,
CI = 1.30–2.89, p < 0.001, and p-trend < 0.001 in the lower
blood lead level group.

Elsewhere it has been shown the low-level exposures to
MWR increases the permeability of the blood–brain bar-
rier [26–28]. This suggests children exposed to lead who
use cellphone might have increased blood lead levels in
the brain.

3.2.1. Breast cancers resulting from placement of
cellphones in bras

A case study reported 4 women  who placed cellphones
in their bras. Two were diagnosed at age 21, with one who
had begun placing her cellphone in her bra at age 15. This
resulted in multiple primary breast cancers immediately
beneath where the cellphone were placed [29].

3.2.2. Parotid gland tumors
The parotid gland is a large salivary gland in the cheek

immediately next to where a cellphone is held to the ear.
A Chinese study reported statistically significant

increased risks of 10- to 30-fold [30]. With more than
10 years since first use of a cellphone, the risk of epithe-
lial parotid gland cancer, OR = 10.631, CI = 5.306–21.300,
p < 10−10; similarly the risk for mucoepidermoid carci-
noma, OR = 20.72, CI = 9.379–45.821, p < 10−13, and for
average daily use of >3.5 h, OR = 30.255, CI = 10.799–90.456,
p < 10−10.

An Israeli Interphone study found significant risk of
parotid gland tumors [31]. “For ipsilateral use, the odds
ratios in the highest category of cumulative number of calls
and call time without use of hands-free devices were 1.58
(95% confidence interval: 1.11, 2.24) and 1.49 (95% confi-
dence interval: 1.05, 2.13), respectively.”

Another Israeli study showed that among the 3 salivary

glands, the only increase was the parotid gland [32]. “The
total number of parotid gland cancers in Israel increased 4-
fold from 1970 to 2006 . . . whereas two  other salivary gland
cancers remained stable.” Fig. 1 illustrates the enormous
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Fig. 2. SAM Phantom. The red devices are clamps to hold the cellphone in
L.L. Morgan et al. / Journal of Micros

ncrease in parotid gland tumors relative to other salivary
land tumors.

A newspaper in Israel reported “[S]alivary gland cancer,
hich researchers suspect to be linked to cellphone use,
as disproportionately common among young patients.
ne fifth of those patients were under 20” [33].

.2.3. Sperm damage
Perhaps more than any other adverse health effect

rom exposure to MWR,  damage to sperm is the most
ocumented including in vitro, in vivo and human epidemi-
logical studies.

A 2005 study with data collection from November 2002
o March 2004 examined the motility of sperm. “The pro-
ortion of slow progressive motile sperm increased with

ncrease of the duration of the daily transmission time
 < 0.01” [34].

A study of cellphone usage among men  who attended
n infertility clinic concluded, “Use of cell phones decrease
he semen quality in men  by decreasing the sperm count,

otility, viability, and normal morphology. The decrease
n sperm parameters was dependent on the duration of
aily exposure to cell phones and independent of the initial
emen quality” [35].

A Japanese study reported “This study has indicated sig-
ificant decrease in sperm count [p = 0.004] and motility
p = 0.003] . . . because of exposure to MP  [Mobile Phone]
mission, respectively” [36].

An Australian study investigated how sperm cells are
amaged by cellphone MWR.  Its conclusions stated “RF-
MR [Radio Frequency-Electro Magnetic Radiation] in both
he power density and frequency range of mobile phones
nhances mitochondrial reactive oxygen species genera-
ion by human spermatozoa, decreasing the motility and
itality of these cells while stimulating DNA base adduct
ormation and, ultimately DNA fragmentation. These find-
ngs have clear implications for the safety of extensive

obile phone use by males of reproductive age, potentially
ffecting both their fertility and the health and well-being
f their offspring” [37].

Professor Stanton A. Glantz is a Professor of Medicine at
he University of California, San Francisco Medical School.
e is also author of a renowned graduate level statistics

extbook, Primer of Biostatistics, Seventh Edition [38]. Refer-
ing to the above four studies on sperm damage from MWR
e concludes:

“Taking all the information we have discussed on cell
phones and sperm allows us to confidently conclude
that exposure to cell phones adversely effects sperm.”

A study of temperature controlled human sperm placed
 cm beneath a laptop computer connected to Wi-Fi for
 h [39] reported, “Donor sperm samples, mostly normo-
oospermic [normal sperm], exposed ex vivo during 4 h to

 wireless internet-connected laptop showed a significant
ecrease in progressive sperm motility and an increase in

perm DNA fragmentation.” The study concluded “Ex vivo
xposure of human spermatozoa to a wireless internet-
onnected laptop decreased motility and induced DNA
ragmentation by a nonthermal effect. We  speculate that
a  specified location. “CTIA” is the Cellular Telecommunications Industry
Association.
Source: Speag Phantom Product Flyer.

keeping a laptop connected wirelessly to the internet on the
lap near the testes may  result in decreased male fertility.”

3.3. Tumor latency times

The average time between exposure to a carcinogen
and the diagnosis of a resultant solid tumor is 3 or more
decades. Brain tumors, like lung cancer and many other
solid tumors have, on average, long latency times [8,40].
Therefore, it may  be several decades before tumors induced
by current MWR  exposures in children are diagnosed. For
example, the Israeli study showing brain tumor risk was
inverse with age had long latency times [8]. In contrast the
Aydin et al. study had relatively short latency times [24].

4. Discussion

4.1. Wireless device exposure limit certification

The FCC has approved two  processes to certify that a
wireless device meets the required exposure limit:

(1) The computer simulation process, and
(2) The Specific Anthropomorphic Mannequin (SAM) pro-

cess.

The computer simulation process is discussed above.
The SAM process is based on a plastic mannequin rep-

resenting the top 10% largest U.S. military recruits in 1989.
Any head smaller than SAM will absorb more MWR  (∼97%
of the U.S. population) [17]. A liquid with the average adult
absorption properties of the 40 tissues of the head is poured
into a hole at the top of this head. A robotic arm with an
electric field probe is positioned within the mannequin
such that the location of the highest electric field is located

within any one cubic centimeter volume. A cellphone to be
certified is clamped to either side of SAM (see Fig. 2). The
electric fields values are used to calculate the maximum
spatial peak Specific Absorption Rate (SAR) for any 1 g of
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Table 1
A comparison of the capability to measure SAR using the computer simulation certification process or the SAM certification process for various exposures.

Attribute SAM process FDTD process Comments

Children’s exposure No Yes Multiple ages
Pregnant women’s exposure No Yes 1, 3 and 9 months
Female exposure No Yes
Specific tissue parameters No Yes
3-D resolution ∼1 cm3 <1 mm3

Relative cost Higher Lower
Medical implant exposure No Yes
Testicle exposure No Yes
Female breast exposure No Yes With and without wire frame bra
Eye  exposure No Yes With and without wire frame eyeglasses

Y
Y

4.5. Digital dementia

Digital dementia also referred to as FOMO (Fear Of Miss-
ing Out) is a real concern. A science publication’s review
Thyroid gland exposure No 

Parotid gland exposure No 

Adapted from Gandhi et al. [17].

tissue (equivalent to 1 cm3 volume). If the maximum SAR
is at or below the U.S. exposure limit of 1.6 W/kg the phone
is certified for sale without regard to the ±30% tolerance of
the SAM certification process [41].

Table 1 compares the capabilities of the two cellphone
certification processes.

As can be seen in Table 1 the SAM process is not capable
of determining the MWR  absorption as measured by SAR
in every category except the relative cost and volume reso-
lution. Nevertheless, the SAM process has been exclusively
used to certify every cellphone to date.

4.2. Cellphone manual warnings and 20 cm distance rule

In spite of an FCC regulation “For purposes of evaluating
compliance with localized SAR guidelines, portable devices
should be tested or evaluated based on normal operating
positions or conditions” [15], this regulation is ignored by
the FCC. Holding a cellphone at a defined distance from
your body is not “based on normal operating positions”!

For laptop computers, tablets and similar devices, an
exposure limit that begins at a distance of 20 cm is not
“based on normal operating positions.” Indeed the very
term “laptop” computer defines the normal operating posi-
tion, which when placed on the lap is not 20 cm distant.

4.3. Increasing brain cancer incidence

There are studies showing an increased risk of brain
cancer from wireless phone use. It is a current problem.
The worst brain cancer, glioblastoma, has increased in the
United States, and Denmark. Brain cancer incidence has
increased in Australia in recent years. These results are
based on brain cancer incidence from each country’s cancer
registries.

A United States study examined 3 cancer registries (Los
Angeles County, California and SEER 122) [42]. It examined

incidence rates between years 1992–2006 and reported
the Average Percent Change (APC) during those years.
“RESULTS: Increased AAIRs [Age-Adjusted Incidence Rates]
of frontal (APC +2.4–3.0%, p ≤ 0.001) and temporal (APC

2 SEER 12 is cancer registry data maintained by the National Cancer
Institute (NCI) using 12 States of the United States.
es With and without metal necklace
es With and without dental braces

+1.3–2.3%, p ≤ 0.027) lobe glioblastoma multiforme (GBM)
tumors were observed across all registries . . . The AAIR of
cerebellar GBMs increased according to CCR (APC +11.9%,
p < 0.001).”

The Danish Cancer Registry issued a press release that
stated, “The number of men  who are diagnosed with the
most malignant form of brain cancer (glioblastoma), has
almost doubled over the past ten years” [43].

The Australian study reported, “an overall significant
increase in primary malignant brain tumors was observed
over the study period from 2000 to 2008 (APC, 3.9; 95%CI,
2.4–5.4), particularly since 2004 (overall AAPC, 3.9; 95% CI,
2.6–5.2)” [44].

4.4. Selling toys for infants and toddlers

The iPad, tablets, laptop computers and cellphones
are not children’s toys. Within 20 cm of the device, the
exposure limit can be exceeded with iPads and laptop com-
puters. Figs. 3–5 are examples of toys for sale (there are
many more similar toys).
Fig. 3. An iPad placed within a rattle. Note the device is immediately over
the  boy’s testicles.
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Fig. 4. 2-in-1 iPotty with Activity Seat for iPad.
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[
M,  et al. The effect of age at smoking initiation on lung cancer risk.
Epidemiology 1993;4(September (5)):444–8.

[11] IEEE standard for safety levels with respect to human exposure to
radio frequency electromagnetic fields, 3 kHz to 300 GHz. The Insti-
Fig. 5. An iPad for entertaining a baby.

rticle describes the problem in great depth [45]. An empir-
cal study of the problem was published in 2013 [46].

.6. Governmental warnings

Many countries have issue warning about children’s
ellphone use. Some examples are:
urkey 2013:
Governor Aksoy Huseyin, of the Samsun province announced he
would launch a cellphone campaign to bring awareness of their
hazards.

elgium 2013:
The Public Health Minister bans cellphone sales for children under 7
years old. Advertisements are also banned during children’s TV
programs.

ustralia 2013:
The federal government created a fact sheet providing citizens ways
to reduce exposure from wireless devices. The agency advises
parents to limit children’s exposure to cellphones.

rance, 2010
Laws make advertising cellphones to children under the age of 12
illegal.

. Conclusions
The risk to children and adolescent from exposure to
icrowave radiating devices is considerable. Adults have a

maller but very real risk, as well.
[

d Ultrastructure 2 (2014) 197–204 203

(1) Children absorb greater amount of microwave radia-
tion (MWR)  than adults;

(2) MWR  is a Class 2B (possible) carcinogen as is car-
bon black, carbon tetrachloride, chloroform, DDT, lead,
nickel, phenobarbital, styrene, diesel fuel, and gasoline.
It seems clear that we would not expose children to
these other agents, so why would we  expose children
to microwave radiation?

(3) Fetuses are even more vulnerable than children. There-
fore pregnant women should avoid exposing their fetus
to microwave radiation.

(4) Adolescent girls and women  should not place cell-
phones in their bras or in hijabs.

(5) Cellphone manual warnings make clear an overexpo-
sure problem exists.

(6) Wireless devices are radio transmitters, not toys. Sell-
ing toys that use them should be banned.

(7) Government warnings have been issued but most of the
public are unaware of such warnings.

(8) Exposure limits are inadequate and should be revised
such that they are adequate.
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