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Abstract

Introduction: Research studies carried out for decades have not solved the
problem of the effect of electromagnetic radiation of various frequency and
strength on the human organism. Due to this fact, we decided to investigate
the changes taking place in human blood platelets under the effect of elec-
tromagnetic radiation (EMR) emitted by LCD monitors.

Material and methods: The changes of selected parameters of oxygen me-
tabolism were measured, i.e. reactive oxygen species concentration, en-
zymatic activity of antioxidant defence proteins — superoxide dismutase
(SOD-1) and catalase (CAT) — and malondialdehyde concentration (MDA).
A suspension of human blood platelets was exposed to electromagnetic ra-
diation of 1 kHz frequency and 150 V/m and 220 V/m intensity for 30 and
60 min. The level of changes of the selected parameters of oxidative stress
was determined after the exposure and compared to the control samples
(not exposed).

Results: The measurements revealed an increase of the concentration of
reactive oxygen species. The largest increase of ROS concentration vs. the
control sample was observed after exposure to EMF of 220 V/m intensity for
60 min (from x = 54.64 to x = 72.92). The measurement of MDA concentra-
tion demonstrated a statistically significant increase after 30-min exposure
to an EMF of 220 V/m intensity in relation to the initial values (from x = 3.18
to x = 4.41). The enzymatic activity of SOD-1 decreased after exposure (the
most prominent change was observed after 60-min and 220 V/m intensity
from x = 3556.41 to x = 1084.83). The most significant change in activity of
catalase was observed after 60 min and 220 v/m exposure (from x = 6.28
to x = 4.15).

Conclusions: The findings indicate that exposure to electromagnetic radi-
ation of 1 kHz frequency and 150 V/m and 220 V/m intensity may cause
adverse effects within blood platelets’ oxygen metabolism and thus may lead
to physiological dysfunction of the organism.

Key words: LCD monitors, reactive oxygen species, malondialdehyde,
superoxide dismutase, catalase.
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Introduction

Studies on the effect of electromagnetic radia-
tion (EMR) of different parameters on living organ-
isms have been carried out for years. Already at
the beginning of the 1960s, in the Soviet Union,
Asanowi and Rakov determined the effect of this
factor on the health of workers staying close to
a power transmission line and exposed to an elec-
tric field of the intensity up to 26 kV/m. The results
of these studies demonstrated that this kind of ex-
posure can cause functional disorders within the
autonomic and central nervous system [1]. Other
studies concerned the effect of EMR on different
systems and organs and on their functions in living
organisms as well as on subjective ailments, e.g.
fatigue, headache, dizziness, nausea, sleep disor-
der, loss of appetite, and irritation. The results of
some of these studies did not demonstrate a neg-
ative effect of EMR on human health and life [2—4].

Due to the fact that the results of scientific stud-
ies are ambiguous and that there are few studies
carried out on human cells, especially regarding
extremely low frequency (ELF) and electrical com-
ponents of the field, the authors decided to investi-
gate the effect of EMR emitted by LCD monitors on
the parameters of oxidative stress in human blood
platelets. Oxidative stress, defined as an imbalance
of the pro-oxidant/antioxidant equilibrium, arises
due to uncontrolled increase of reactive oxygen
species (ROS) production and to the change of en-
zymatic activity of antioxidant defence proteins,
e.g. superoxide dismutase and catalase.

The aim of the study was to determine changes
taking place in blood platelets under the effect of
electromagnetic radiation generated by common-
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ly used LCD monitors. This radiation is character-
ized by 1 kHz frequency and 150 V/m intensity
at a distance of 30 cm from the monitor screen
and 220 V/m at 15 cm. The tested sample was
exposed to the electromagnetic field for 30 and
60 min. The following parameters of blood plate-
let oxygen metabolism were investigated: ROS
concentration, enzymatic activity of superoxide
dismutase (SOD-1), enzymatic activity of catalase,
and concentration of malondialdehyde (MDA) —
a marker of membrane lipid peroxidation.

Material and methods
Sample preparation

A suspension of human blood platelets at the
concentration of 1 x 10°/cm?, obtained by manual
apheresis from whole blood, was the material for
the study. The preparation was obtained from the
Blood Donation Centre from voluntary blood donors
who underwent medical examinations (those who
had contraindications for blood drawing were ex-
cluded) and laboratory tests typical for blood donors
were performed. Blood donors were healthy people,
not taking any medication, staying on a mixed, av-
erage-calorie diet aged 25—45. The blood was trans-
ported to the laboratory in a box shielding against
any radiation material.

Exposure condition setting and instruments

In a laboratory stand designed for reconstruc-
tion of the parameters of electromagnetic radia-
tion generated by display screens (1 kHz, 150 V/m,
220 V/m), a flat capacitor was the source of the
electromagnetic field (Figure 1). Requirements of
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Figure 1. Laboratory stand designed for reconstruction of the parameters of electromagnetic radiation generated

by display screens
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the TCO (the Swedish Confederation of Professional
Employees) and MPR (the National Board for Mea-
surement and Testing) specify strict conditions for
the measurement of exposure. The authors mea-
sured the field by the measurement procedure at
the location of points placed in front of the monitor.
When electromagnetic radiation of low frequen-
cy is tested, the electric and magnetic components
should be investigated independently. Monitors
with liquid crystal screens produce non-sinusoidal
electromagnetic fields, with the dominant electric
component, due to control of power semiconduc-
tor chips. Significant fields as regards their effect
on the human body are fields with frequency of
lower power consumption and voltage switch-
ing power supply, with superimposed oscillation
dampened RLC circuits, which act as voltage rip-
ple smoothing filters. The source of the signal
simulating shape of the field generated by the
LCD was the programmable generator Hameg
8010, which is amplified by the measuring am-
plifier W-320, and the source of the electric field
was a flat capacitor arrangement. The capacitor
was formed by two circular copper plates posi-
tioned over and under a plastic support in which
8 polyethylene tubes containing the tested prepa-
ration were inserted into holes made symmetrical-
ly on the circumference of the circle, the diameter
of which was smaller than that of the capacitor
plates so that the electrical component of the field
acting on the tubes was homogeneous in nature.
The tested preparation was placed in polyethylene
tubes, each containing 3 ml of the preparation.
The temperature in the laboratory stand was at
the same level all the time, i.e. +24/+25°C. Pre-
serving constant conditions of the environment,
the preparation was exposed to the activity of
the electromagnetic field of 1 kHz frequency and
150 V/m intensity (corresponding to a distance of
30 cm from the monitor) and 220 V/m intensity
(corresponding to a distance of 15 cm from the
monitor) for 30 and 60 min. The exposure of the
platelets to the radiation was done on the day they
were collected from the Blood Donation Centre.

Measurement of reactive oxygen species
and antioxidant activity of superoxide
dismutase, catalase and malondialdehyde
concentration

The selected parameters of oxidative stress
were measured before and immediately after the
exposure. The level of ROS generation, enzymatic
activity of antioxidant defence proteins (super-
oxide dismutase and catalase) and the concen-
tration of malondialdehyde (MDA) as a marker of
lipid peroxidation were determined. Chemilumi-
nescence (emission of light as the result of chem-
ical reaction) was used to determine ROS concen-

tration. After stimulation of platelet-activating
factor there occurs simultaneous increase of cell
metabolism associated with an elevated demand
for oxygen. It results in oxidative burst generating
reactive oxygen species which initiate a cascade
of reactions leading to formation of different com-
pounds which in turn lose their energy in the form
of light radiation. This emission of light (chemi-
luminescence) accompanying oxidative burst
was measured using a Lumicom luminometer
(HAMILTON) connected to an IBM PC. Simultane-
ously sequential measurement was performed for
6 samples for 30 min. The tested samples consist-
ed of 200 pl of blood platelet suspension of the con-
centration 1 x 10°/cm?, 20 pl of luminol, and 780 pl
of phosphate-buffered saline (PBS) (a buffer solution
of salt to pH 7.2). The obtained results were com-
pared with the control sample of 200 ul of platelet
suspension not exposed to an electromagnetic field
(EMF), 20 pl of luminol, and 780 pl of PBS. We used
36 control samples and 36 exposed samples.

A CARY 100 BIO spectrophotometer (VARIAN)
was used for the measurement of superoxide dis-
mutase activity at 480 nm wavelength. Absorb-
ance in the control and study samples was meas-
ured every minute at +25°C for 5 min. The study
samples were obtained by adding 0.2 cm? of plate-
let suspension at the concentration of 1 x 10°/cm?,
0.8 c¢cm? of redistilled water cooled to +4°C and
0.5 cm® of 96% C,H,OH and 0.25 cm? chloroform.
The obtained mixture was shaken for 2 min and
then centrifuged at 4200x g at +4°C for 10 min.
After centrifugation, the enzyme remained in the
upper layer of the suspension. Then 0.2 cm?® of su-
pernatant was transferred into glass tubes togeth-
er with 2.6 ¢cm?® of 0.05M carbonate buffer of pH
10.2 and 0.2 cm? of adrenaline. The blind test did
not contain supernatant; the carbonate buffer was
used instead. The values were presented in U/g
of platelet protein. The amount of enzyme which
causes 50% inhibition at the maximal increase of
absorbance by 0.025 of unit/min on a rectilinear
segment of adrenochrome formation at +25°C at
480 nm is defined as a unit of SOD activity [5]. We
used 37 control and exposed samples.

To determine the catalase enzymatic activity,
the suspension of blood platelets was frozen and
thawed several times before the cell disintegra-
tion occurred. After centrifugation of the whole
system at 4200x g at +4°C for 10 min, a clear su-
pernatant was obtained.

The measurement was performed using
a CARY 100 BIO (VARIAN) spectrophotometer at
240 nm wavelength at +25°C and absorbance
was measured every minute for 5 min. The con-
trol sample contained 3 cm? of 0.05 M phosphate
buffer, whereas the study sample contained 2 cm?
of 0.05 M phosphate buffer, 50 pl of supernatant
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and 1 cm® of 0.1% H,0O,. The obtained values were
presented in Bergmeyer units per gram of platelet
protein. One Bergmeyer unit (U) determines the
amount of catalase which decomposes 1 g of H,0,
per min at +25°C at pH 7.0 [6]. We used 37 control
and exposed samples.

The concentration of malondialdehyde was
determined by measuring the absorbance on the
CARY 100 BIO spectrophotometer (VARIAN) at
532 nm wavelength vs. the control sample (1.8 cm?
PBS + 0.4 cm? thiobarbituric acid). The study sam-
ple was prepared by adding 1 cm?of 20% trichlo-
roacetic acid (TCA) to 1 cm?of blood platelet sus-
pension at the concentration of 1 x 10%/cm?; then
the mixture was shaken for 1 h at +4°C and centri-
fuged at 4200x g at +4°C for 15 min. To 1.8 cm? of
the obtained supernatant 0.4 cm?® of 0.12 M thio-
barbituric acid was added. The mixture was placed
in a boiling water bath for 15 min. After cooling,
the obtained solution was centrifuged at 3000x g
for 10 min at room temperature. The obtained re-
sults were expressed in nmol/10° of platelets [7].
We used 36 control and exposed samples.

Statistical analysis

The following statistical parameters were de-
termined for each of the characteristics in the
study groups: arithmetic mean, standard devia-
tion, median modal, and skewness coefficient.
The obtained results were analysed using a non-
parametric Kruskal-Wallis ANOVA rank test equiv-
alent to analysis of variance and Mann-Whitney
U test to compare the variables between the
groups. The analysis of empirical distributions of

the tested parameters was performed with Shap-
iro-Wilk W test. The value of p < 0.05 was consid-
ered the level of significance.

Results

In the in vitro study, oxygen activity in blood
platelets, expressed by the concentration of reac-
tive oxygen species, stimulated by the electromag-
netic field generated by monitor screens, increased
significantly compared to the control values (Fig-
ure 2). The largest increase of ROS concentration
vs. the control sample was observed after expo-
sure to EMF of 220 V/m intensity for 60 min (from
X = 54.64 to x = 72.92). After exposure to EMF of
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Figure 2. Concentration of reactive oxygen species
in blood platelets exposed to electromagnetic ra-
diation dependent on the intensity and exposure
time (n = 36)

Table I. Statistical analysis of changes in levels of reactive oxygen species in blood platelets exposed to electromag-

netic radiation of defined parameters and exposure time

Name of the Control Exposure to electromagnetic radiation of the parameters and time
characteristic group Intensity: Intensity: Intensity: Intensity:
150 V/m (30 cm), 150 V/m (30 cm), 220 V/m (15 cm), 220 V/m (15 cm),
30 min 60 min 30 min 60 min
Group | Group Il Group I Group IV
Number of 36 36 36 36 36
individuals
Minimum 45.45 56.63 65.73 66.01 63.21
Maximum 65.95 68.72 70.87 68.96 75.94
Median 54.64 61.06 68.10 67.36 72.92
Arithmetic mean 54.87 61.76 68.30 67.43 70.83
SD 6.16 3.98 1.39 0.82 4.34
Skewness -0.04 0.46 0.29 0.34 -0.62
Statistical analysis Test Anova rang Kruskala_Wallisa H = 145.42, p < 0.001
Test ztv:‘Manna,Whmya =-4,56, p < 0.001
Test kaa"na_Whi(”eya =-7.29,p < 0.001
Test Zk'NMwa,Whimeya =-7.30, p < 0.001
Test Z5V, - wtneya = —7»11, p < 0.001
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Figure 3. Enzymatic activity of superoxide dis-
mutase (SOD-1) in blood platelets exposed to elec-
tromagnetic field dependent on the intensity and
exposure time (n = 37)

150 V/m intensity the concentration of ROS in-
creased in relation to the initial values from x =
54.64 to x = 61.06 (30-min exposure) and to x =
68.10 (60-min exposure). After 30-min exposure to
the field of 220 V/m intensity the concentration of
ROS increased from x = 54.64 to x = 67.36 (Table |).

The enzymatic activity of superoxide dismutase
in blood platelets decreased significantly in rela-
tion to the control values after exposure to EMF of
both intensity 150 V/m and 220 V/m, regardless
of the exposure time (Figure 3). The most prom-
inent change of this enzyme activity in relation
to the control sample was observed after 60-min
exposure to the field of 220 V/m intensity (from
x = 3556.41 to x = 1084.83). However, after 30-
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Figure 4. Enzymatic activity of catalase (CAT) in
blood platelets exposed to electromagnetic radia-
tion dependent on the intensity and exposure time
(n=137)

min exposure to the field of this intensity the ac-
tivity of the enzyme decreased from x = 3556.41
to x = 1364.78. After 30-min exposure to EMF of
150 V/m intensity the decrease of superoxide dis-
mutase activity was noted from the initial value
X =3556.41to x = 1933.06. After 60-min exposure
to the field of this intensity the value of SOD activ-
ity decreased to x = 1906.75 (Table I1).

The activity of catalase in blood platelets ex-
posed to electromagnetic radiation increased after
both 30-min exposure (from x = 6.28 to x = 6.91)
and 60-min exposure (from x = 6.28 to x = 7.77)
at the field intensity 150 V/m in relation to the
control values (Figure 4). During 30-min exposure
to EMF of 220 V/m intensity, the activity of cata-

Table II. Statistical analysis of the enzyme activity of superoxide dismutase (SOD-1) in blood platelets treated with
electromagnetic radiation of the defined parameters and the time of exposure

Name of the Control Exposure to electromagnetic radiation of the parameters and time
characteristic group - - - -
Intensity: Intensity: Intensity: Intensity:
150 V/m (30 cm), 150 V/m (30 cm), 220 V/m (15 cm), 220 V/m (15 cm),
30 min 60 min 30 min 60 min
Group | Group Il Group Il Group IV
Number of individuals 37 37 37 37 37
Minimum 1757.79 463.97 406.63 436.65 225.50
Maximum 5638.57 3515.10 3264.86 2507.60 2206.04
Median 3556.41 1933.06 1906.75 1364.78 1084.83
Arithmetic mean 3429 1818.98 1809.13 1383.01 1077.43
SD 1147.98 906.41 857.38 623.47 516.18
Skewness 0.23 0.12 -0.02 0.04 0.40
Statistical analysis Test Anova rang Kruskala_Wallisa H = 75,81, p < 0.001
Test Zt':lmamwmm =5.19, p < 0.001
Test Z% Manna-Whitneya = 5.39,p < 0.001
Test Zk"”MWa,WhimEya =6.62, p < 0.001
Test 2, nineys = 7-11, P < 0.001
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Table lIl. Statistical analysis of enzyme activity of catalase in blood platelets exposed to electromagnetic radiation

of defined parameters and exposure time

Name of the Control Exposure to electromagnetic radiation of the parameters and time
characteristic group Intensity: Intensity: Intensity: Intensity:
150 V/m (30 cm), 150 V/m (30 cm), 220 V/m (15 cm), 220 V/m (15 cm),
30 min 60 min 30 min 60 min
Group | Group Il Group Il Group IV
Number of individuals 37 37 37 37 37
Minimum 2.02 3.46 5.96 3.23 2.02
Maximum 9.73 12.55 13.40 14.04 6.91
Median 6.28 6.91 7.77 7.45 4.15
Arithmetic mean 6.26 7.46 8.11 8.15 4.14
SD 1.81 2.16 1.72 3.11 1.43
Skewness -0.15 0.70 1.08 0.17 0.07
Statistical analysis Test Anova rang Kruskala_Wallisa H = 67.55, p < 0.001
Test 2 tneys = =217, p < 0.05
Test Z5' - nitneys = —3:93, P < 0.001
| =
Test Z% ‘Mamrwmmeya =-2.51,p<0.05
Test 24V, - mineys = 471, p < 0.001
lase increased significantly in relation to the initial & 8 : : : : :
]
values (from x = 6.28 to x = 7.45), whereas after @ -
. . . o <
60-min exposure it decreased significantly (from = .
©
X =6.28 to x = 4.15) (Table IlI). 8 T
The measurement of malondialdehyde con- T»: 5 T —
centration demonstrated a statistically significant % 4 T T "
increase in blood platelets after 30-min exposure & ; o a a
to an electromagnetic field of 220 V/m intensity g
. . e el >
in relation to the initial values (from x = 3.18 to S 2 J_ T - 1T
x = 4.41) (Figure 5, Table IV). =
5 ‘ ‘ ‘ ‘ ‘
[
=

Discussion

Assessment of risks from electromagnetic
fields based on in vitro studies seems to be one
of the most authoritative and reliable methods. It
is known that low-frequency radiation penetrates
deep into the tissue and is absorbed to a small
extent by the surrounding cellular environment.
It is also known that changes taking place at the
cellular level account for the response of an or-
ganism as a whole. The production of toxic reac-
tive oxygen species and the mechanisms for their
neutralization determine the pro-oxidant-antioxi-
dant balance. Disruption of this balance leads to
pathologies because reactive oxygen species re-
act with components of the cells. These reactions
can have adverse and even dangerous health ef-
fects, and they can cause the so-called free radi-
cal diseases. Pathological implications of ROS and
oxidative stress reactions include, among others,
atherosclerosis, diabetes [8], rheumatoid arthri-
tis, multiple sclerosis, and Parkinson’s disease, in
which increased ROS production by phagocytes
and an elevated plasma MDA level were observed
[9]. Other studies also proved that ROS and anti-

Control  Exposure Exposure Exposure Exposure
30 min, 60 min, 30 min, 60 min,
30 cm 30 cm 15 cm 15 cm
O Median |:| 25-75% T Non-outliers range

Figure 5. Concentration of malondialdehyde (MDA)
in blood platelets exposed to electromagnetic ra-
diation dependent on the intensity and exposure
time (n = 37)

oxidants stimulate HIV replication in an organism
[10]. In the opinion of other researchers, ROS level
could be a universal indicator, which does not ex-
clude the individualized approach in each episode
of infective endocarditis (IE). The ROS may have
a particular implication in high-risk patients, es-
pecially when the assays of inflammatory markers
are confusing [11].

In children, hydrocephalus, Down’s syndrome,
autism, brain injury and brain cancer are associ-
ated with oxidative stress [12]. Another study re-
vealed increased levels of MDA and CO levels in
the chronic fatigue syndrome (CFS) group. The re-
searchers concluded that oxidative stress is pres-
ent in the group of CFS patients [13].
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Table IV. Statistical analysis of changes in levels of malondialdehyde in blood platelets exposed to electromagnetic

radiation of defined parameters and exposure time

Name of the Control Exposure to electromagnetic radiation of the parameters and time
characteristic group
Intensity: Intensity: Intensity: Intensity:
150 V/m (30 cm), 150 V/m (30 cm), 220 V/m (15 cm), 220 V/m (15 cm),
30 min 60 min 30 min 60 min
Group | Group Il Group Il Group IV
Number of individuals 36 36 36 36 36
Minimum 1.20 1.69 2.01 1.74 1.66
Maximum 5.41 9.65 5.24 5.67 7.04
Median 3.18 3.00 3.24 4.41 3.24
Arithmetic mean 3.15 3.25 3.37 4.00 3.48
SD 1.24 1.46 0.73 1.15 1.35
Skewness 0.01 2.78 0.64 -0.55 0.66
Statistical analysis Test Anova rang Kruskala_Wallisa H = 13.23, p < 0.01
Test Zt-:rAwa’Wmea =0.16, p > 0.05
Test Zkvld\,‘anna,v\,mmeya =-0.87,p > 0.05
Test ZkaMam_Whimeya =-2.86,p < 0.01
Test 25V, o whitneya = —0-75, p > 0.05

In our studies determining the effect of elec-
tromagnetic radiation of 1 kHz frequency and
150 V/m intensity (occurring at the distance of
30 ¢cm from the monitor) and 220 V/m (occurring
at the distance of 15 cm from the monitor) on ox-
ygen metabolism of blood platelets, a statistically
significant increase was observed in the concen-
tration of ROS regardless of the parameters and
the exposure time. Their highest increase in re-
lation to the control sample was observed after
exposure to an electromagnetic field of 220 V/m
intensity for 60 min. The results of the measure-
ment of ROS generation are a proof of the nega-
tive impact of the electromagnetic field generated
by LCD monitors on the human organism. It is par-
ticularly harmful during long work with a comput-
er or other appliances with an LCD monitor when
the head is at a distance of 15 cm from the screen.

Other researchers who investigated the im-
pact of electromagnetic radiation of extremely
low frequency (ELF, 3 Hz — 3 kHz) obtained similar
results. Canseven et al. observed in their studies
the effect of a low frequency electromagnetic field
(50 Hz and 1, 2 and 3 mT) on the level of free radi-
cals, the natural antioxidant system and respirato-
ry burst system activities in the heart and liver of
guinea pigs. They demonstrated that the intensity
and exposure time have an impact on increased
production of free radicals and on the changes in
the activity of antioxidant enzymes [14].

Furthermore, Chu et al. in their studies on the
effect of EMF of 60 Hz frequency and 2.3 mT in-
duction on rat cerebellar cells demonstrated the
increase of ROS with simultaneous decrease of
SOD activity after 3-hour exposure [15]. Superox-

ide dismutase (SOD-1), protecting a cell against
the cytotoxic effect of the superoxide anion rad-
ical, was another tested parameter. A reaction
was carried out of superoxide anion dismutation
to molecular oxygen and hydrogen peroxide.
The superoxide anion radical is a very danger-
ous compound, mainly due to the relatively long
half-life, and it diffuses easily from the place of
its formation to other cellular structures. Many
studies have reported the change of superoxide
dismutase activity under the effect of electromag-
netic radiation of different parameters. Exposing
erythrocytes and blood platelets to electromag-
netic radiation generated by cellular phones, low-
er levels of superoxide dismutase enzymatic activ-
ity were determined [16].

Xie et al. in their studies noted a decrease of
SOD activity in human cells exposed to 12-hour
EMF of 200 kV/m and 400 kV/m intensity. They
also observed an increase of MDA concentration
in these cells [17].

The measurement of superoxide dismutase en-
zymatic activity in our studies demonstrated its
decrease in relation to the control values after ex-
posure to an EMF of both 150 V/m and 220 V/m
intensity regardless of the exposure time. The ob-
served changes in the activity of this antioxidant
defence protein confirmed that under the effect of
electromagnetic radiation generated by LCD mon-
itors there occurs a process of uncontrolled gener-
ation of reactive oxygen species. The subsequently
observed significant decrease of superoxide dis-
mutase activity was probably caused by the exces-
sively high amount of ROS generated due to elec-
tromagnetic radiation. The results of the studies
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also revealed a correlation between the exposure
time and the level of the decrease of SOD activity.
During longer — 60-min — exposure the changes in
the activity are more pronounced, which proved
that together with the increase of exposure time
there occurs distinct impairment of pro-oxidant/
antioxidant balance. The results of these studies
also reveal a correlation between the field intensi-
ty and the intensity of changes in the enzyme. The
stronger the magnetic field, the more significant is
the decrease in the activity, which in consequence
leads to enhanced oxidative stress.

Catalase, the next tested parameter of oxy-
gen metabolism, converts the disproportionate
hydrogen peroxide (the substrate of a reaction
catalysed by SOD) to water and oxygen. The ac-
tivity of this enzyme in blood platelets exposed
to electromagnetic radiation increased after both
30- and 60-min exposure at the field intensity of
150 V/m in relation to the control values. During
30-min exposure to EMF of 220 V/m intensity, cat-
alase activity increased significantly in relation to
the initial values, whereas after 60-min exposure
it decreased significantly. The obtained result may
point to a compensatory increase of catalase ac-
tivity in relation to the increase of ROS generation
after exposure to electromagnetic radiation. High-
er intensity and longer exposure time (60 min)
caused impairment of antioxidant defence capaci-
ty manifested by a final decrease of catalase activ-
ity below the value of the control sample. Similar
results were obtained in the studies evaluating
the effect of an electromagnetic field of 1000 Hz
frequency and 0.5 mT magnetic induction on cat-
alase activity. It was found to increase significantly
after 30-min exposure, which correlated with the
increase of reactive oxygen species generation.
However, further measurements demonstrated
the decrease of this enzyme activity in relation to
the values of the control samples [18].

Other researchers reported a decrease of CAT
activity after 8-min exposure of rats to EMF of
70 uT induction, which correlated with the de-
crease of H,0, concentration [19]. The impairment
of pro-oxidant-antioxidant balance manifested by
uncontrolled increase of ROS can also lead to lipid
peroxidation. It is a process of rapid destruction of
cell membranes due to oxidation of their compo-
nents — phospholipids composed of unsaturated
fatty acids. This results in excessive synthesis of
lipid peroxides and transformation of polyunsat-
urated fatty acids into biological active substanc-
es. Thus, lipid peroxidation produces numerous
consequences such as changes in the structure
and fluidity of cell membrane, disturbances in
membrane transport, changes in the activity of
cell membrane enzymes and damage of protein
receptors found in membrane structures [20].

In the course of our studies malondialdehyde
(MDA) was used as a marker of lipid peroxidation.
It is one of the end-products of this process, be-
longing to the compounds reacting with thiobar-
bituric acid. The increase in MDA level in combina-
tion with increased ROS generation points to the
damage of cell membranes by ROS. A statistically
significant increase of MDA level was demonstrat-
ed in blood platelets after 30-min exposure to
EMF of 220 V/m intensity in relation to the initial
values. It proves insufficient adaptation of cellular
antioxidant mechanisms which protect, among
other things, against oxidation of cell membrane
components.

The studies carried out in other centres ob-
tained similar results. Balci et al. in an experiment
performed on the cells of rat cornea and lens ob-
served a negative effect of radiation on pro-oxi-
dant-antioxidant balance. These authors noted
an increase in MDA level in rats exposed to radia-
tion emitted from the distance of 20 cm from the
monitor [21]. Lai et al. also found that radiation
of power frequency and 0.1-0.5 mT induction in-
duced the occurrence of oxidative stress in brain
cells of the rat [22].

In another experiment, rats were exposed to
a magnetic field of 70 mT intensity, once a day for
8 min for 7 consecutive days. The results demon-
strated that the MDA level in plasma increased
initially, and after the second week of exposure to
the magnetic field it decreased, which the author
explained by decreased generation of ROS ob-
served in the experiments. It correlated with the
decreased SOD and CAT activity [23].

Countless research studies concerning the im-
pact of electromagnetic radiation of different pa-
rameters on the matter prove the negative effect
of this factor on health and life of living organ-
isms. Nevertheless, there are studies showing con-
tradictory results as well. Kang et al. reported that
combined exposure of RF radiation (CDMA at 2 W/
kg plus WCDMA at 2 W/kg for 2 h) did not cause
any observable adverse effects on the intracellular
ROS level in neuronal cell models: U87 human gli-
oma cells, PC12 rat pheochromocytoma cells, and
SH-SY5Y human neuroblastoma cells [24].

HOyto et al. also reported no effect in SH-SY5Y
and L929 (mouse fibroblasts) cell lines under GSM
(SAR of 5 W/kg for 1 h) exposure [25].

In the ELF frequency Kabuto et al. reported no
effect following exposure of mice to ELF-EMFs
(60 Hz, 0.2-1.2 mT). The study demonstrated that
neither ROS generation nor lipid peroxidation
could be detected in brain homogenates of ex-
posed mice [26].

Another experiment demonstrated that the ef-
fect of ELF-MF irradiation on oxidative stress pa-
rameters depends on the time of animal exposure
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to the magnetic field. The aim of the study was
to assess the effect of ELF-MF parameters most
frequently used in magnetotherapy on ROS gener-
ation in brain tissue of experimental animals de-
pending on the time of exposure to this field. The
study showed that ELF-MF applied for 30 min/day
for 10 days can affect free radical generation in
the brain. Prolongation of the exposure to ELF-MF
(60/min/day) caused adaptation to this field [27].

The results of experiments do not lead to un-
equivocal conclusions. Despite numerous studies,
it was impossible to identify in full statistical cor-
relations between electromagnetic radiation of
defined parameters and specific somatic effects in
a human organism. In the field of electromagnetic
radiation it is extremely difficult to demonstrate
that there are cause and effect relationships. The
interpretation of the observed phenomena is diffi-
cult because the effects of the activity of electro-
magnetic fields are usually weak, transitory, and
difficult to reconstruct and repeat [28].

Moreover, the effects of electromagnetic fields
on biological systems depend on the frequen-
cy range of the employed signals, as well as on
their characteristics such as amplitude, intensity,
modulation, waveform, and exposure time [27].
The contradictory results may also arise from mis-
takes made when reproducing exactly the same
environmental conditions of the exposed case in
term of vibrations and temperature variations.
Description of the ELF-EMFs homogeneity within
the used exposure device and temperature control
is lacking in the majority of the exposure config-
urations. At the ELF frequencies, sham exposure
should be represented by coil systems using sep-
arated strand cables wrapped in parallel to enable
the currents to flow also in antiparallel directions.

Moreover, differences in cell lines [24, 25], ma-
terial (human or animal cells), and experimental
methods (laboratory exposure set-ups often pres-
ent limitations without proper dosimetry) used
for in vitro exposure might explain, in part, these
conflicting findings. Different components and cell
structures can be the site of electromagnetic radi-
ation in an organism. For example, the high meta-
bolic rate and lipid-rich composition of the nervous
system make this organ particularly sensitive to
oxidative damage. Human blood platelets, used in
our study, are also very sensitive to any changes.

The established regulations on health hazards
are based on two key mechanisms of interaction
with biological systems, one elicited by direct cur-
rent (DC) and extremely low frequency (ELF 1 Hz
— 100 kHz) sources, and the other by RF (radiof-
requency 100 kHz — 3 GHz) and MW (microwaves
> 300 GHz) exposures.

In the field of RF, a major experimental problem
is the definition of non-thermal effects and how to

distinguish them from direct and indirect thermal
effects (low-level EMF exposure does not induce
a thermal effect). Most of the RF-EMF radiation
absorbed is converted into increased thermal en-
ergy of the system, which is responsible for most
effects observed in biological systems [24, 25].

Besides, it is not accurate to perform an SAR cal-
culation that does not take into consideration the
different conductivities and densities of the animal
tissues — rats and mice (SAR is defined as the ab-
sorbed dose in the unitary mass of the biological
target within a certain time interval) [24, 25].

Furthermore, negative effects of EMFs in the
form of specific diseases are usually observed af-
ter a long time of latency, and they become ap-
parent often after years and even in further gen-
erations. However, it is known that the strength
of the EMF depends on the distance of its source,
and the intensity of radiation decreases rapidly
with the distance from this source. This has been
confirmed by our own and other authors’ studies.
Chen et al. and Zyss, assessing the exposure to
EMF emitted from monitors dependent on the dis-
tance from the appliance and also on the expo-
sure time, came to the conclusion that a person
should maintain the longest possible distance and
shorten the time of exposure when working next
to monitors [29, 30].

In conclusion, the observed changes (the in-
crease) within the scope of the generation of re-
active oxygen species in blood platelets exposed
to electromagnetic radiation emitted by the dis-
play screens are substantially and proportionally
dependent on the exposure time and the field
intensity. The decrease in the antioxidant activ-
ity of superoxide dismutase and the increase or
decrease (after longer and stronger radiation) in
catalase activity may be the cause of adverse ef-
fects of EMF exposure on oxygen metabolism in
blood platelets. The in vitro study showed that
the oxidative stress which develops after EMF ex-
posure may lead to lipid peroxidation in the cell
membrane of blood platelets, which is expressed
by a significant increase in malondialdehyde con-
centration. Electromagnetic radiation emitted by
the display screens may cause dysfunction of the
adaptability of the body in antioxidant systems
of somatic cells, which can significantly interfere
with the physiological functioning.
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