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ARTICLE INFO ABSTRACT

The effect of exposure to electric field of 4kV/m-50Hz, magnetic field of 0.3mT-50Hz
and high energy photons of (6 MeV; 0.002A°-1 rad) on rats’ blood bioelectricity were
studied. The electrical conductivity, relative permittivity and dielectric loss factors were
monitored in the frequency range of 42Hz-8MHz for blood samples collected directly
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after exposure and 45 days’ post exposure. Moreover, the exposure effect was studied on
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Radiations the blood minerals (Sodium, Calcium, Phosphate and Potassium) and protein
Electric Field concentrations. Our findings illuminated the maximum shift in conductivity at 5SMHz

by 62% and in permittivity by 23 folds higher than control for samples collected after
exposure to magnetic fields (30days-8h/day). Then it is followed by samples collected after
exposure to high energy photons as conductivity changed by 46% and permittivity by
8 folds higher than control. On the other hand, maximum deteriorative impact of
exposure in minerals was shown for samples exposed to high energy photons, as it
indicated the percentage of change in relative to control by 13%, 17% and 5% for
phosphate, calcium and potassium respectively. No improvement was shown for samples
collected after 45 days’ post exposure. The exposure to magnetic field has a higher effect
than the exposure to electric field, even at thesame exposure periods. The effect of
exposure to non-ionizing radiations should take same concerns as ionizing radiation. Full
blood analysis should including dielectric characteristics as parameters indicate possible
cellular injuries. There is a need for more work to study the possible health consequences
due to exposure to such non-ionizing radiations and to set new exposure limits.
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for the status of anticoagulant therapy [3]. Recently,
a study of the dielectric properties of the total serum
proteins of the exposed mice to an electric field
(6 kV/m - 50 Hz) for periods 30, 45 and 60 days and for
30 days’ post exposure was done. The results indicated
that the electric field decreased the permittivity value of
the serum proteins and increased its conductivity. Also,
the intensity of the absorption spectral bands of the

INTRODUCTION

The electromagnetic environment consists of natural
radiation (geomagnetic field, intense solar activity,
thunderstorms) and man-made electromagnetic fields
(EMF) which includes (factories, transmission power
lines, electric appliances at work and home, and medical
treatments. The biological effects of these radiation on

human health have become the subject of important and
persistent public debate. The association between
extremely-low frequency (ELF) fields and the risk of
blood disease is not clear yet according to the assessment
conclusions of World Health Organization (WHO’s)
international EMF project [1], So still there is a need for
many researches to be done about this mystery. The
accurate knowledge of the dielectric properties of blood
is essential for deciding the limiting values for
electromagnetic pollution [2]. The dielectric blood
coagulometry may be a useful method for measuring
blood clotting and could provide the detailed assessment

serum proteins of samples collected from the exposed
mice showed a significant decrease. However, these
findings assured that ELF EMF influence on the
biological properties of the cell’s membrane protein [4].
Moreover, ELF EF induces electrical potentials, giving
rise to resultant current flow in aqueous medium that
surrounded the living cells. A small fraction of this
induced current penetrates the cell surface because of the
membranes of these cells form a dielectric barrier to the
passage current in these frequency range. This induced
per-cellular current produces electrochemical alterations
in the cell membrane surface and sends signals across the
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cell membrane carrier that produces changes in
physiological functions [5]. These changes of cell
functions may lead to the alterations of resonating
metabolic processes of the cell or destroy it, leading
finally to the cell death [6]. For this reason, there are
many studies aiming at using the low frequency electric
field in the treatment of tumor cells.

In addition, there are many studies of the biological
effects of magnetic fields at the tissues and cellular levels
[7-13]. The electric conductivity of blood serum protein
of exposed mice increases due to the changes in the
dipole’s orientation of their membrane components,
which leads to conformational changes in the membrane
structure. The dielectric constant values decrease as
a function of changes in the dipole moment of the
macromolecules which depends on the center of mass of
the charge distribution and the molecules radius [7]. The
interactions of the electric field and protein molecules
cause rearrangement of protein charge distribution and
changing its properties. This is in agreement with
Mccammon who reported that the variation in the surface
charge may cause the enzyme receptors to be more
sensitive to potential changes [8].

In addition, the conductivity of red blood cells was
sensitive to ionizing radiation, and it is increased by the
presence of hemoglobin molecule. The change in
conductivity reflects the permeability damage of the cell
membrane with the subsequent loss of ions, electrolytes
and intracellular components [14]. It altered the relative
permittivity and dielectric loss which reflects the
possibility that some changes may have happened in the
protein of the cell membrane [15, 16]. Several studies
have been performed on the effect of high energy
ionizing radiation on red blood cells (RBCs). They
showed that lipid peroxidation, cross linking in
membrane proteins and change in the membrane
permeability will happen after the exposure to gamma
radiation [17]. To this end, other studies reported that the
exposure of red blood cells (RBCs) to ionizing radiation
might cause the loss of potassium and a gain of both
sodium and calcium. Former research works stated that
ionizing radiation can change the metabolism or altered
the Adenosine Triphosphate (ATP)-base activity and may
lead to a loss of membrane sulphydryl groups [17].
Recently main concerns were drawn to the health
consequences of magnetic fields and ionizing radiation
and very limited researches were interested in the
hazardous effects of electric fields. Moreover, the effects
of exposure to electric and magnetic fields on blood
biocelectricity are still unclear, not yet been fully
elucidated and a need for more researches to evaluate the
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exposure impacts on blood minerals became a must.
Many researchers monitored the dielectric characteristics
of blood cells as biomarker to its vitality and its
metabolic activities. Grapping the exposure effects due to
magnetic, electric and high energy photons on blood
dielectric characteristics and blood mineral concentrations
may illuminate new insights about such fields. The
present work it has been devoted to study the exposure
effect of ELF-EMF as non-ionizing radiation model and
high energy photons as ionizing radiation model on the
blood dielectric characteristics. Moreover, the dielectric
characteristics and biochemical measurements were
studied directly after exposure and also after 45 days post
exposure.

MATERIALS AND METHODS

In the present work 150 male albino rats weighing an
average of 170+15 g, were divided into 6-groups. Two
groups of 40 rats/each were exposed to an electric field
(4kV/m, 50 Hz-8h/d) successively during one and four
weeks. One group of 20 rats was immediately sacrificed
after its exposure period, another group of 20 rats were
left to survive and housed at normal environmental
conditions similar to the control group and sacrificed
after 45 days’ post exposure period. Similar to the
former direct and delay sacrificed subgroups, two groups
of 40 rats were exposed to magnetic field (0.3 mT,
50 Hz-8h/d) successively during one and four weeks.
One group of 20 rats was exposed to high energy photon
(6 MeV; 0.002A°-1 rad) emitted from a linear accelerator
(LINAC) at Faculty of Medicine, Alexandria University,
Egypt. Similarly, 10 rats were immediately sacrificed
after exposure and the other 10 rats were left to survive
normally and sacrificed after 45 days’ post exposure. For
each exposure condition 5 rats were kept without
receiving any treatment and left in normal environmental
housing whereas it has been sacrificed at the end of the
treatment condition. It is worthy to state that the normal
environment was adapted inside the lab at room
temperature at an average of 25 °C, and lighting
condition were natural light from large windows during
the day and complete darkness during the night.

Exposure to the electric field was achieved by using
mains of output voltage 4+0.2 kV, applied through two
Al electrodes connected at the two sides of Perspex
chamber. The animals were kept inside the chamber
dimensions 100x30x35 cm® during the exposure period
whereas the Al electrodes were covered by front fixed
Perspex sheets of similar dimensions. It should be
noticed that the Perspex material has a negligible effect
on the field uniformity as reported elsewhere [18]. It is
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important to confirm that the reading of the measured
electric field inside the chamber was 4kV/m.

The exposure to magnetic field was performed using
magnetic unit consisting of four solenoid coils of
48 turns and a length of 63 cm (coils were wrapped by
using electrically insulated copper wires of 2 mm
diameter). A magnetic unit of 0.3 mT was used through
large cylindrical chamber of dimensions 100 cm long and
60 cm wide. The magnetic unit was connected in series
with the 50-Hz power supply and ammeter reading is
fixed at 0.8 A. The animals were housed inside its
Perspex cages of dimensions 30x40x35 cm?® on a shelf
inside the central axis of the cylindrical chamber. The
exposure of animals to high energy photon (6 MeV;
0.002A°-1 rad) was acquired by placing the animals
where the Elekta Linear accelerator (LINAC) output was
adjusted to give collimator and couch angles of 0° and
source to surface distance (SSD) of 100 cm. Immediately
after exposure all animals were sacrificed, heart
punctured and blood samples were collected. The
dielectric properties of blood samples were measured by
the use of a two-electrode technique configured with an
impedance LCR meter (HIOKI 3536, Japan). The
electrical conductivity, relative permittivity and dielectric
loss factor were scanned for blood samples in the
frequency range of 42Hz to 8MHz. Moreover, the blood
minerals (Sodium, Calcium, Phosphate and Potassium)
and blood proteins were measured as adopted by R. J.
Henry; 1974 [19] and OH Lowry; 1951 [20].

RESULTS AND DISCUSSION

The obtained dielectric characteristics overall tested
blood samples under the application of different
treatments showed remarkable bioelectrical alterations.
The dielectric characteristics were obtained by
measuring its bioelectric relaxations under the effect of
external alternating electric signals in the frequency
range of 42Hz to 8MHz. The dielectric parameters of
blood samples (electrical conductivity, relative
permittivity and dielectric loss) were studied as
a function of frequency and hence the relaxation curves
were obtained. In addition, blood minerals and protein
concentrations were measured for exposed and delayed
post exposure samples and compared to control ones.
Figure (1) shows the conductivity curves of blood
samples collected directly after exposure as a function of
the frequency. The obtained curves showed a similar
plateau shape as the control one, whereas it has different
order according to the effect of exposure. The maximum
depression of conductivity was obtained for samples
collected after exposure to MF-30days followed in
depression for samples collected after exposure to high

energy photons. On the other hand, samples collected
after exposure to EF-7days, did not show a remarkable
depression as compared to the other groups where the
longer exposure period EF-30days indicated significant
shift to lower conductivity values.

1.0

[—a-— control

‘ O—exposed to high energy photons, i H
|~A— exposed to EF-7days i :
|~Vv— exposed to EF-30days gl
|~ exposed to MF-7days G o

|-<1— exposed to MF-30days ¥ 2

o
©

o
)

Conductivity (S/m)
o
N

et
N

0.0

4000000 6000000 8000000

Frequency (Hz)

0 2000000

Fig. (1): The conductivity curves of blood samples
collected directly after exposure

1.0

—&8— control
—O— exposed o high energy photons
—&— exposed to EF-7days
7 exposed to EF-30days
»— exposed to MF-7days
4 exposed to MF-30days

o
@

S

o
o

Conductivity (S/m)
o
»

o
N

0.0

0 2000000 4000000 6000000 8000000

Frequency (Hz)

Fig. (2): The conductivity curves of blood samples
collected after 45-days post exposure

Pronounced shifts to low values in the conductivity
were monitored as shown in Figure (2); for collected
samples after 45-days post exposure to MF-30days and
high energy photons. The former findings support that
the new blood generation didn’t show an enhancement
and did not fully recovered even after being left 45-days
post exposure. On the other hand, the other collected
blood samples after 45-days post exposure to EF-7days,
30days and MF-7days indicated an improvement to come
closer to the control values.
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It should be noted that the screening of conductivity
values over the frequency range is in association with the
relative permittivity of the samples and it shows inverse
proportionality. Figure (3) shows the relaxation curves of
relative permittivity for blood samples collected directly
after exposure in comparison with control ones. The
obtained relaxations are in a the same manner as the
conductivity; the maximum shift in the permittivity for
samples collected after exposure to MF-30days and
followed by samples collected after exposure to high energy
photons. It is worthy to state that the shift in the permittivity
values could be remarkably shown in the range of frequency
less than 4MHz as shown in the magnified upper side
figure. Figure (4) shows the relaxation curves of blood
samples collected after 45-days post exposure as function of
the frequency. As aforementioned in the conductivity results
the obtained relaxations of blood samples collected after
45-days post exposure to 30MF-30days and high energy
photons didn’t show amendment on its bioelectricity even
for the new blood generation.
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Fig. (3): The relative permittivity relaxation curves of
blood samples collected directly after exposure
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Fig. (4): The relative permittivity relaxation curves of blood
samples collected after 45-days post exposure
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It should be born in mind, the blood cells conductivity
shows high sensitivity to the radiations and the presence of
hemoglobin molecules increase such effect. Also, any
damage in cellular permeability and loss of cell membrane
integrity attributed to the exposure may lead to subsequent
loss of intracellular components, electrolytes and ions and
as a result, the cell conductivity will be changed. [14]

The dielectric loss of blood cells is an electro-metric
sensor of the responsive action of molecules under the
application of different frequencies and its energy loss
relative to the original molecular sites. Figure (5) shows the
dielectric loss relaxation curves attributed to the exposure in
comparison to the control ones. The obtained relaxations
showed same dispersion over all the examiner frequency
range for all tested samples but with different orders. The
order of dispersions is clearly observed at the frequency
range less than 4MHz, as depicted in the magnified upper
side. The obtained dispersions showed a maximum shift to
lower values for samples exposed to MF-30 days and
followed by samples exposed to high energy photons in
resemblance to the results of the conductivity and relative
permittivity. On contrary, the obtained curves showed no
difference between control and exposed samples to
EF-7 days whereas the exposure to EF-30 days showed
a significant shift to low values to come closer to the
samples exposed to high energy photons.

Similar to the former discussed results of conductivity and
relative permittivity of samples collected after 45-days post
exposure; the data of dielectric loss didn’t show
enhancement of blood bioelectricity to return back to its
original normal conditions. Figure (6) shows the dielectric
loss dispersions for samples collected after 45 days’ post
exposure and it depicted a maximum remnant drop in
samples exposed to MF-30days and samples exposed to
high energy photons. The relaxations dielectric parameters
of blood cells are directly related to polarizability of cellular
constituents under external field application in a way it
forms electrical dipole moments. Such dipole moments are
dependent on two mainly factors which are size and charge
carried by macromolecules implemented in blood cellular
envelope. In this regard the scenario of low frequency shifts
(a-dispersions), could be illustrated based on the hypothesis
of the counterion polarization imbedded from blood cellular
membrane that performed its external charges. To this end,
the alterations in the dielectric characteristics ascribed to the
relaxation, in a direction tangential to the cellular surface, of
the ion cloud constituting the diffuse double layer
surrounding it. Taking into account the wide range of
macromolecules dimensions bounded to the membrane and
a variety of its charge distribution, it shows broad relaxation
times in response to the applied external fields [21-25].
Moreover, the charge and current densities induced in
response to an applied external field of unit amplitude it
changes the conductivity and permittivity of a sample. So,
any structural changes and charge dislocation may be
attributed to the exposure and will be accompanied with
remarkable changes in the dielectric sample characteristics.
According to the applied frequency range; at very low
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frequencies, the volume fraction of extracellular fluids
affects strongly the conductivity while in frequency range
from 1 MHz up to 100 MHz the cell membrane is largely

shorted out and do not provide a significant barrier to

Dielectric loss

current flow.

In this regard,

the blood biochemical
concentrations were measured for samples collected directly
after exposure and after 45 days’ post exposure as listed in

Tables (1 and 2) respectively.
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Fig. (5): The dielectric loss relaxation curves of blood
samples collected directly after exposure
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Fig (6): The dielectric loss relaxation curves of blood samples

collected after 45-days post exposure

Table (1): The concentrations of some biochemical parameters of blood samples collected directly after exposure

e R R T
Control 136.2+0.06 2.83+0.17 2.24+0.08 5.82+0.09 57.72+0.32
Exposed to high energy photons 136.6+0.12 2.34+0.11 * 2.55+0.06 * 6.12+0.13 * 54.61+0.24 **
Exposed to MF-7days 136.3+0.09 * 2.77+0.13 2.31+0.11 * 5.94+0.18 56.88+0.25 *
Exposed to MF-30days 136.4+0.13 * 2.68+0.12 ** 2.38+0.09 ** 5.98+0.09 * 55.92+0.36
Exposed to EF-7days 136.3+0.07 2.81+0.12 2.29+0.09 5.88+0.19 * 57.08+0.45 *
Exposed to EF-30days 136.3+0.06 ** 2.79+0.14 * 2.33+0.04 * 5.91+0.16 56.91+0.37 **

* Statistically significant
** Statistically highly significant

Table (2): The concentrations of some biochemical parameters of blood samples collected after 45-days post exposure

g e s e o)
Control 136.2+0.07 2.83+0.18 2.24+0.09 5.82+0.10 57.72+0.33
Exposed to high energy photons 136.5+0.13 ** 2.64+0.12 2.35+0.07 * 6.02+0.14 56.91+0.24 *
Exposed to MF-7days 136.2+0.10 2.8+0.14 * 2.27+0.12 ** 5.84+0.19 57.11+0.26 *
Exposed to MF-30days 136.3+0.14 * 2.79+0.13 2.28+0.10 * 5.88+0.10 ** 57.02+0.37
Exposed to EF-7days 136.2+0.08 2.82+0.13 * 2.24+0.10 5.84+0.20 57.58+0.46
Exposed to EF-30days 136.2+0.07 ** 2.81+0.15 2.26+0.05 ** 5.87+0.17 57.51+0.38 **

* Statistically significant
** Statistically highly significant
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The obtained concentration data of the biochemical
parameters supported that the changes in thedielectric
properties due to exposure might have resulted from the
alterations in the ionic concentrations on cellular both
sides. Such structural alterations could be related to the
ionic pump dysfunctionality and modification of ionic
gradient [26-29]. The ability of EF and MF to change the
dipole’s orientation of the membrane components led to
changing the charge allocations across the cell membrane
[30-32]. As a result of charge redistribution the
enzymatic receptors were altered and the ionic
concentrations across the membrane were changed.
Particularly, the former findings proved that the exposure
to magnetic field has a higher effect than the electric
filed in manner that it may cause permanent deteriorated
effect. In comparison to the control samples, the change
of conductivity for samples collected directly after
exposure to MF-30 days and high energy photons
showed maximum percentages at 5SMHz by 62% and
46% respectively. Similarly, without remarkable
recovery the conductivity for samples collected 45 days’
post exposure showed 60% and 45% of changes after
exposure to MF-30 days and high energy photons. In the
context the permittivity results supported the maximum
changes at 5MHz attributed to the exposure of
MF-30 days and high energy photons that it became
higher than control by 23 and 8 folds respectively for
samples collected directly and by 10 and 8 folds for
samples collected delayed after exposure. Moreover, the
ability of external electromagnetic fields to interact with
bioelectric signals of blood cells might be the main
reason of the cellular alterations resulted from the
exposure. One may notice the direct effect of ionizing
radiation on the minerals concentration of blood as it
indicated percentage of change in relative to control by
13%, 17% and 5% for phosphate, calcium and potassium
respectively. In addition, the minerals concentration
showed resemblance to the dielectric characteristics as
concentrations of phosphate, calcium and potassium
changed by 6%, 5% and 3% respectively for samples
collected after exposure to MF-30 days. The variation of
the effect of electric, magnetic fields on blood minerals
may be due to the charge amounts to mass of each
element whereas the fields may interact to accelerate the
charges (as electric field influences) and/or reorient its
directions (as magnetic field influences). The changes in
the dielectric parameters proved the possible ionic
permeability alterations attributed to the exposure of EF
and MF are noticeable in comparison with exposure to
high energy photons. In addition, the exposure effect is
dependent on the period of exposure and type of field in
addition to the field strength.
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CONCLUSION

The present findings illuminated the significant
alterations in the dielectric characteristics and
biochemical analysis of blood samples after exposure to
the proposed fields. The exposure effects are dependent
on the exposure time and the filed type in a manner that
exposure to magnetic field has higher effect than
exposure to electric field even for same exposure periods.
is the findings of the present study suggest that same
concerns should be considered regarding the effect of
exposure to non-ionizing radiations as ionizing radiation,
especially for prolonged exposure periods. Full blood
analysis for exposed persons should be done frequently
and to include dielectric characterization as a parameter
that reflects the possible cellular injuries. There is a need
for more work to be done for examining the possible
health consequences due to exposure to such non-
ionizing radiations and to set new exposure limits.
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