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Abstract

Radiofrequency fields of cellular phones may affect biological systems by increasing free radicals, which appear
mainly to enhance lipid peroxidation, and by changing the antioxidase activities of human blood thus leading to
oxidative stress. To test this, we have investigated the effect of acute exposure to radiofrequency fields of
commercially available cellular phones on some parameters indicative of oxidative stress in 12 healthy adult male
volunteers. Each volunteer put the phone in his pocket in standby position with the keypad facing the body. The
parameters measured were lipid peroxide and the activities of superoxide dismutase (SOD), total glutathione
peroxidase (GSH-Px) and catalase. The results obtained showed that the plasma level of lipid peroxide was
significantly increased after 1, 2 and 4 h of exposure to radiofrequency fields of the cellular phone in standby position.
Moreover, the activities of SOD and GSH-Px in human erythrocytes showed significant reduction while the activity
of catalase in human erythrocytes did not decrease significantly. These results indicate that acute exposure to
radiofrequency fields of commercially available cellular phones may modulate the oxidative stress of free radicals by
enhancing lipid peroxidation and reducing the activation of SOD and GSH-Px, which are free radical scavengers.
Therefore, these results support the interaction of radiofrequency fields of cellular phones with biological systems.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Oxidative stress is a cellular or physiological
condition of elevated concentrations of reactive
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oxygen species that cause molecular damage to
vital structures and functions [1]. Several factors
influence the susceptibility to oxidative stress by
affecting the antioxidant status or free oxygen
radical generation. These factors can be divided
into those of endogenous, e.g. exercise and psy-
chological stress or of exogenous origin, e.g.
food, alcohol, cigarette smoke, environmental
pollutants and radiation [1].

Recently, people have become especially con-
cerned about the safety of wireless communica-
tion, e.g. cellular phones that are rapidly gaining
popularity and yet little is known about the
health hazards of the radiofrequency fields of
these cellular phones. There are several cellular
phone systems in use, which allow many users
to communicate via the system simultaneously.
The dominant access technique in Egypt is the
so-called time division multiple access (TDMA),
which is used in global system for mobile com-
munication system (GSM). The carrier frequency
bands allocated for this service is set mainly in
the spectrum regions of 800–900 MHz [2].

The question of whether the radiofrequency
fields of cellular phones affect oxidative stress
and the antioxidase activities are of considerable
interest to biomagnetics and biochemistry. Thus,
the present study was designed to evaluate the
effect of acute exposure to radiofrequency fields
of commercially available cellular phones on
some parameters indicative of oxidative stress
(lipid peroxide, superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) and catalase)
in human blood.

2. Materials and methods

The study was conducted on 12 adult male
volunteers (aged 20–25 years) and weighed 71.33
kg�2.013 (S.D.). They were non-smokers, nor-
motensive, took no medication and were of the
same socioeconomic status. Each volunteer
placed the cellular phone (Ericsson GH 688, Er-
icsson Mobile Communication, AB, Sweden) in
his pocket in standby position, emitting a 900
MHz radiofrequency field, with the keypad of
the phone facing the body. After exposure to the

cellular phones for 1, 2 and 4 h, blood was
collected on EDTA to obtain plasma and ery-
throcytes according to the method described by
Parogzai et al. [3]. Blood was also collected
from the volunteers before their exposure to the
cellular phones as a control (zero time of expo-
sure). Plasma was kept in −80 °C until ana-
lyzed for lipid peroxide using the method of
Yagi [4] based on the formation of malondialde-
hyde (MDA) and measured by the thiobarbituric
acid method. Erythrocytes were washed with iso-
tonic solution of Nacl and centrifuged at 3000
rpm for 10 min where erythrocyte pellets were
separated and resuspended in cold distilled water
to obtain the erythrocyte lysates, which were
used immediately for the enzymatic assays. SOD
activity was determined using the xanthine and
xanthine oxidase method as described by Nebot
et al. [5].

Total GSH-Px was determined using reduced
glutathione and cumene hydroperoxide as ascer-
taind by Barja de Quiroga et al. [6]. Catalase
activity was measured using hydrogen peroxide
as a substrate according to the method of Aebi
[7]. Protein concentration was measured as de-
scribed by Lowry et al. [8].

The statistical significance of the results was
calculated using Student’s t-test.

3. Results

Table 1 shows that acute exposure to 900
MHz radiofrequency fields of cellular phones for
1, 2 and 4 h significantly increased the human
plasma level of lipid peroxide. On the other
hand, human erythrocyte SOD activity was sig-
nificantly decreased after 1 and 4 h of exposure
to radiofrequency fields of cellular phones
whereas an insignificant decrease was observed
after 2 h of exposure. GSH-Px activity in human
erythrocytes was significantly decreased after 1
and 2 h of exposure but did not decrease signifi-
cantly after 4 h of exposure. Human erythrocyte
catalase activity did not change significantly af-
ter acute exposure to radiation of cellular
phones.
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4. Discussion

Free radicals are very reactive and unstable
molecular species that can initiate chain reactions
to form new free radicals. Although formed as a
result of a wide range of normal biochemical
processes, they are potentially damaging. Several
mechanisms are in place to neutralize their effects,
which include a system of nutritional and endoge-
nous enzymatic antioxidant defenses that gener-
ally hold the production of free radicals and
prevent oxidant stress and subsequently tissue
damage [9]. The balance between the oxidants and
the antioxidants may be disturbed by an increase
in free radical production or by a reduction in
antioxidants [10]. This imbalance between the oxi-
dants and the antioxidants can lead to ‘oxidative
stress’ i.e. a series of peculiar and potentially
damaging biochemical reactions [11]. Particularly
susceptible to oxidative damage by free radicals
are the polyunsaturated fatty acid acyl chains of
phospholipids, which lead to lipid peroxidation.
Uncontrolled lipid peroxidation is a toxic process
resulting in the deterioration of biological mem-
branes [1,11]. Lipid peroxidation products e.g.
malondialdehyde has been taken as a biomarker
to oxidative stress in biological system [12]. The
antioxidant enzymes include, SOD, which re-
moves superoxide anion, as well as catalase and
GSH-Px that scavenge hydrogen peroxide and
prevent accumulation of the hydroxyl radical.

Radiofrequency waves are a very important
part of electromagnetic spectrum with respect to
their applications and possible health conse-
quences. Epidemiological studies remain inconclu-
sive with regard to the health effects of prolonged
exposure to electromagnetic fields [13–26]. Wire-

less communication especially cellular phones are
rapidly gaining popularity knowing little about
the effect of the radiofrequency fields of these
phones on human health. The present study
showed that acute exposure for 1, 2 and 4 h to
900 MHz radiofrequency fields of cellular phones
increased the plasma level of lipid peroxidation
and decreased the activities of SOD and GSH-Px
in human erythrocytes. Both enzymes are impor-
tant in scavenging the superoxide anion and hy-
drogen peroxide, respectively, and prevent
accumulation of the hydroxyl radical as well as
lipid peroxidation. The fluctuating activity of
SOD and GSH-Px and the insignificant decrease
in the activity of catalase in addition to the con-
sistent increases in the level of lipid peroxides
after all the times of exposure may be attributed
to disruption in the antioxidase mechanisms that
neutralize free radicals [9,10]. Erythrocytes are
particularly susceptible to oxidative stress because
they encounter higher oxygen tension than any
other cells in the body, with the exception of lung
cells [27]. Enzymes and proteins in mature ery-
throcytes are potential targets for oxidative dam-
age and that inevitably results in loss of cell
function.

Earlier studies [28–31] on the effects of electro-
magnetic fields on free radicals and antioxidants
utilized frequencies, intensities and times of expo-
sure different from those concerned with the elec-
tromagnetic field of the cellular phone. In
addition, their experiments involved in vitro and
animal studies and did not involve humans.
Zheng et al. [28] reported that exposure to 50
MHz fields for 3 h per day and continued for 30
days significantly increased the lipid peroxidation
in brain tissue of mice but did not change the

Table 1
Effects of acute exposure to radiofrequency fields of cellular phones on parameters indicative of oxidative stress in human blood

1 hParameters 2 hControl (0 time) 4 h

2.087�0.058 2.320�0.049*2.262�0.053a 2.279�0.058aPlasma lipid peroxides (nmol/ml)
57.04�1.056 *Erythrocyte SOD activity (U/mg protein) 59.36�0.90061.26�0.697 56.84�1.080a

Erythrocyte GSH-Px activity (U/mg protein) 1.869�0.023 1.698�0.037a 1.712�0.019a 1.796�0.038
Erythrocyte catalase activity (U/mg protein) 39.12�0.903 39.53�1.04239.73�0.70140.69�0.728

Values are mean�S.E., n=12.
a Significantly different from control using Student t-test (P�0.05–0.0005).
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activities of SOD and GSH-Px. Moreover, the in
vitro study of Iwsaka and Ueno [29] showed no
effect of magnetic fields on the reaction of SOD,
peroxidase and xanthine oxidase using a spec-
trophotometric system with an external optical
cell room in a super conducting magnet. How-
ever, the study showed an effect on the reaction of
catalase with 50 mM of hydrogen peroxide with-
out affecting the catalytic activity of the enzymes
itself. Other studies [30,31] reported that in vitro
exposure to magnetic fields generated free radical
species such as superoxide anion and hydrogen
peroxide that could affect the biological system.
These studies did not report the effect of magnetic
field exposure on the free radical scavengers.

5. Conclusion

The data presented here suggested that ra-
diofrequency fields of cellular phones generated
free radicals that increased peroxidation in human
plasma and decreased the activities of the antioxi-
dant system, SOD and GSH-Px in humans ery-
throcytes. Whenever the balance of antioxidants is
outweighed by prooxidizing factors as shown by
the radiofrequency of cellular phones, oxidative
stress may develop in cells. Therefore, these re-
sults support the interaction of radiofrequency
fields of the cellular phones with biological
systems.
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