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Abstract
The radio waves are part of the non-ionic electromagnetic radiation that occupy the range (100KHz-300GHz).
RF frequency radiation is existed in a lot of devices such as the mobile phone, radio stations, and medical
devices. There are many symptoms and side effects that result from the exposure to such radiation. The Heart
and brain tissues, were the most affected tissues by the RF waves. There is no evidence regarding these side
effects on humans, although there are numerous frequent scientific researches on this subject. This study
deals with a review of the most important scientific aspects that must be studied in this field, namely the
thermal and non-thermal effects on human tissues. The calculation leads to conclude that a special RF band
have low frequencies matches with the tissues molecules frequency, to make a resonance causes damage to

human body cells.
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Introduction
The exposure of RF fields at certain circumstances
may lead to the biological responsive such as
heating of tissue, changes at the chemical
processes into the body, or the influence on
electric currents in the tissues and nerve
stimulation (NS). Here, we can put two outlines of
biological responses : a) Heating of tissue involves
and all effects that resulting from that, b) The
nerve stimulation (NS) involves and all effects that
resulting from that (Betski, 1999; Soichi, 2006;
Gregory, 2013).The stimulation of instantaneous
electric currents into the tissue by RF fields above
100KHz may lead to NS, but these effects are not
clear (Soichi, 2006). At the range of frequencies
between 100KHz-10MHz we have the all
probabilities that mentioned above, but the
preferences to heating tissue by absorption of RF
energy (W. Soichi,2006 Betski, 1999). At
frequencies above 6GHz the expected damages are
related by deposition of energy in the uppermost
layers of tissues such as skin, cornea (Betski, 1999).
Some studies determines the basic restrictions
that controlled occurrence the biological
responsive, in general the ratio of energy absorbed
and the strength of internal electric fields ,voltage
gradients and currents are the most important
factors to occurrence the responsive (Betski, 1999;
Soichi, 2006; Guillaume, 2016; Tanghid, 2017). The

183

reaction of microwave power is highly selective
where at certain frequencies the reaction of cells
becomes extremely strong (Smolyanskaya, 1973,
Adey, 1983) .

The interaction of RF radiation with the tissues of
the human body: The human body has a weak
electromagnetic field. When it exposed to the
external electromagnetic field, it interacts with the
external field and this interaction may affect
human health. A plane electromagnetic wave
traveling in a positive one dimensional direction
can be described by (Adey, 1983)

E(z) =Fe V. (1)

E is the complex amplitude of the signalatz=0, z
the propagation distance and y the complex
propagation constant (Betski, 1999). In general the
complex propagation constant of a wave can be
specified as:

y = m\/E eee e (2)

with p = u, uy,the permeability of the material,
which is equal to y, because u,. =1 for biological
materials, and the permittivity € = g;¢,.

The biological tissues of the human body are not
homogeneous where it consists of many different
components, the most important component is a
water (dipole molecule)addition similar cells,
dissolved organic molecules, and insoluble matter
(Ross, 1983; Hinchliffe, 2015; Tanghid, 2017).
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Figure 1: Cross section of leaf tissue

where each component interacts with the external
field by different way, the reason is the difference
in the relative permittivity (the dielectric constant)
of each of them, So the tissue display different
polarization mechanisms that shown in following:
1-Polarization by dipole alignhment: Occurs at a
polar material that has a dipole molecules such as
the tissue's water where interaction with RF
frequencies that over HF frequency until the
microwave region.

This interaction is representing by the alignment
the dipole towards the external field, this process
is continuous to the external field frequency
becomes equal to the resonance frequency, in this
case, the dipole is not able to keep track of change
at the external field.

for alignment the dipole must overcome some
molecular and atomic forces, so it is there
absorption for some the electromagnetic energy
that travels through the material, and the
difference in the phases between the applier
external field and the polarization.

This process may be associated by rises the
temperature of tissue that is known by the
dielectric loss (Gregory, 2013; Tanged, 2017), here
the relative permittivity is complex as shown in
equation (3).

'(w) = g(w) —ig (@) .......(3)

g.isthereal part of the relative permittivity

g, is the imaginary part of the relativepermittivity.

by putting equation (3) into equation (2) y can
expressed as

Y = w\pE = wyJu(s’ —ig")......(4)
So:

y=wfue (115 ()

The loss tangent is defined as the ratio of the
imaginary permittivity and the real permittivity:
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—5 e (6)

The complex propagation constant can also be
expressed as:

y=a+if......(7)

where the real part describes the attenuation
constant a of the wave and the imaginary part the
phase constant B. To calculate (a,B) we take the
real part and imaginary part of the complex
propagation constant §i)} }: (Frenkel, 2002;
Hinchliffe, 2015).

tandé =

ﬂog’)

a=Refiy}=w ( >

B =Im{iy} =w (HOTS’) [( 1+ (i—’,’)z) + 1]2 ...... (©))]

The phase velocity and the wavelength of an
electromagnetic signal is defined as:

The polarization by a dipole alignment decrease by
increasing material's temperature.

2-lonic Polarization: due to separation of positive
and negative ions at a molecule, this polarization is
continuous to IR region (Tanghid, 2017).

3-Electric Polarization: due to the movement of
negative charge (electrons) away from the positive
charge (nucleus) in the atom for distance equal to
dipole's length. This polarization is continuous to
the UV region, it occurs at the material of nonpolar
molecules (Tanghid, 2017).
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Figure 2: (a) positive Sodium ion associated with and surround by the polar water molecule (b) because of
applied field, ions are displaced, inducing ionic polarization
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Figure 3: (a) Atoms when no external electric field applied (b) Electric dipoles induced as the externally
applied electric field distorts the electron cloud

Debye equation one of the mathematical formula
to describe the complex

relative permittivity [1,2], that is shown in
equation (11)

X £.(0) — &,(c0)
e(w) = ET(OO)+1(1-|-—1'CL1JT)-”(12)

&,(c0)is the permittivity(dielectric constant)in the highest frequencies,
&,(0)is the permittivity inthe low frequencies the static permittivity is
realized in full.

By comparing equation (11) with equation(3),we

can separate the real part and imaginary part of

the complex relative permittivity.

By multiplying the numerator and the denominator

in equation (11) by (1 — iwT):

g (w) = g.(0) + (1+iwD)(1—iwt)

So, the real part of the complex relative
permittivity is

. £.(0) — &.(0)

ST.(OJ) = ST(OO) + m . (14)
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The imaginary part is:
—i(wTer(0)—Twer(00))

—ie (w) = T (15)
. _ w7g,.(0) — Twe, ()
g (w)= 1+ i) ..(16)

For the relaxation mechanisms that are not first
order, this means that higher order equations must
be used to model these materials [1,2],

Agy Asg, Ag;
g(w)=¢,+ - - - . (17
r(@) 1+iot, 14iet, 1+ iweg, (17)
Ae = €, = €y gpa 4,15 the static ionic conductivity

of the tissue.

Cole-Cole relaxation model can be extended to
allow for multiple relaxations in the same way as
the Debye equation.

Eoo— &
* __ 00— Ep
£ =g,

This equation allows a better fit to the real
relaxation curves of many tissues (Gregory, 2017)

As mentioned above, we resulting that the relative
permittivity determined the tissue's components
responsive to the external field, where it depends
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on the frequency. The relative permittivity
decrease with increase the frequency of external
field, which is classified into three phases as
follows:

a - dispersion: Occurs at the low frequencies
(under 100KHz) that is featuring by penetration
depth larger than the highest frequency. Here the
relative permittivity is highest and realized in full,
meaning the imaginary part of the relative
permittivity is zero.

B -dispersion: Occurs at the medium frequencies
between 100KHz-10MHz, these frequencies have
penetration depth lower than the frequencies in a
dispersion, the penetration depth for it arrives to
the cellular membranes.

y - dispersion: Occurs at the highest frequencies
above 10MHz, the penetration depth for these
frequencies lower than the penetration depth of
the frequencies at the a and B dispersion.

This dispersion due to alignment the polar
molecules of tissue's water, here the Relative

permittivity decreases with increasing the
frequency and the water lose the dielectric
properties versus increase the alternating

conductivity, that leads to rising the temperature
of the water and it starts by evaporation that may
lead to the dryness of tissue (Tanghid,2017, Soichi
,2006, Betsk, 1999)

-The alternating conductivity associated with
frequency by equation(19)

o(w) = €& wuv ann ... (19)

- skin depth can be calculated using Equation by
equation(20)

S5 = =

e LT

The biological effects of RF radiation on the
human body tissues: There are many types of RF
radiation sources, some are near of the human
body as mobile phone, and some far as radio
stations and wireless stations. It plays the main
role of exposure human to the radiation that emits
from it, whether the long-term exposure or the
short-term exposure.

The federal communications commission (FCC)
determined unit for the safe exposure levels for
the RF radiation that emits of mobile phone, it
namely specific absorption radiation (SAR).

SAR is a dosimetric quantity, it defined as the rate
of RF power absorbed per unite mass by any part
of the body, FCC determined the SAR by the value
(1.6watt/kg). When SAR is over this value that is
meaning that a mobile phone overrun the safety
boundary and it forms dangerous on the human
health, that represents by rises the tissue
temperature and probability occurrence a
dangerous biological damages (Gregory, 2013;
Guillaume, 2016; Tangid, 2017) .

RF effects on the human tissues classified to:
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1-Thermal Effects: Thermal effects associated by
heating tissues, this effects appears with the
heights frequencies that have a lower penetration
depths which arrive to region near of skin that
contains the sensuous cells thus we will feel by
heating when we exposures to this frequencies,
the body try reparation that by sweating or
increase the blood flow to keep the tissue at a
normal temperature, but when rises the
temperature of tissue over determinant levels
then the biological effects appears and may not
remove by stooping the exposure that lead to
dryness and burn the tissue, may damage in the
nervous cells ..etc.

These effects are unobservable until arrives the
rise in the temperature of tissue to 4.5¢° in period
30 min. The rise in the temperature of tissue at
the short-term exposure related with SAR by a
linear relationship, but at the long-tern exposure
the relationship between them becomes more
complicated (Ross, 1983; Hinchliffe, 1988; Betski ,
1999; Belgium, 2015; Tanghid, 2017).
2-Non-thermal Effects: These effects related to
induced electromagnetic effects into the body’s
cells due to the durable exposure to low
frequencies of RF radiation under the SAR to a long
period as staying near a wireless antenna or usage
of the headsets constantly.

According to ANSI, this damages is not thermal
effects meaning it no related by heating a tissue
but it is biochemical and physiologist damages as a
metabolism, the influence on the electrical signals
for the heart and brain, there are several studies
said that damages may be cumulative at the long-
term exposure (Ross, 1983; Hinchliffe, 1988;
Betski, 1999; regory, 2013; Belgium, 2015; Tanghid,
2017).

Previously, the studies were connecting between
the excess dosimetric of SAR over the
recommendable boundary by the US and rises the
temperature of tissue for the occurrence of
biological damage into the tissue. At recent years,
a lot of modern studies discussed the probability of
biological damages by the exposure to the low
frequencies of RF under the recommendable
dosimetric of SAR for a long period, but these
studies have not ascertained to this damage. The
searchers overbalances that the reason belongs to
that non-interpolation the necessary conditions to
this researches, such as, to investigate that the
mobile phones frequencies may be a reason to the
cancer we need to a long study because the
cancerous cells may need 15 years to appear,
Some mobile phone users in many studies tell
about several feeling unspecific symptoms when
use it as tingling sensation in the skin of the head,
fatigue, sleep disturbance, headache, dizziness,
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lack of concentration...etc. Gregory, 2013, Frenkel,
2002, Robert 2002)

Mathematical model: = DNA consists of two
polynucleotide chains infected with a double helix,
each chain contains a number of nucleotides.
These nucleotides are made from one of four
sugar bases: adenine (A), thymine (T), guanine (G),
cytosine (C). The bases are linked together by
covalent bonds forming the DNA, and the two
chains are carried together by hydrogen bonds
between the bases on the two paths. The whole
series of double rules is the so-called genome that
determines the genetic information.

The total potential energy inside any system
consisting of a number of interconnected particles
is calculated according to molecular dynamic, the
potential energy of any number of bounded
particles according to the following equation
(Betski 1999; Guillaume 2016):

WhereU ¢.,,.:is the finitely-extensible non-linear
elastic potential (FENE) the so-called gravitational
basin, which is the linear phase of the reaction.
Within this kind of interaction, any changes in the
two bodies energy will ends with its impacts with
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the disappeared of influential. The second type is
exiting when the second body is outside of the
effective volume, because of the increasing applied
power on it, this stage is called the nonlinear phase
of interaction. The impact at this stage becomes a
cumulative.

In order to exam the effect of the radio waves
energy on the human body molecules. The
intermolecular energy will be calculated and
compared with the energy of the RF waves.

If we assume that the bonds wu;have Gaussian
distribution, our calculation will be done according
to Gaussian chain model, which is equivalent to
group of monomers linked one to another by
harmonic springs as in the following figure (4). The
potential energy in the non-linear stage is given by
the following equation (IIKA 2014, 2018):

3kotd u;f!
Ufene [{r!}] = Zb?zo Ziivzlln (1 - E)

In the case of the effect of radio waves on the
DNA, the considered calculation was according to
ri =20 , where r0 is a distance above which non-
linear effects start to appear in the bonds
elasticity, and k., is the rigidity constant of the non-
linear spring. Note that for ui <« r0 .. In practical
applications , k, = kgT [14,4,6]we will generally
taker0 = 1.5band ke = 10 kBT, {u;?) = b

Fig (4): the Gaussian chain model describing the DNA

U, : The Kratky-Porod chain potential

U.,: the truncated Leonard- Jones potential

In molecular dynamics, we can say that the
interaction between two bodies is divided into two
parts according to the amount of energy exerted
on the body, and the period of exposure to this
energy, the first section is the interactions within

BU[{ri}] = 3 X, (13 = 1im1)* e (23)

The DNA chain can be represented as a polymer
chain, with great curved stiffness, and this could be
defined with the potential of Kratky-Porod chain as
follows (Betski, 1999)
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Upl{r 3] = BB (1 = vy Uy ). (24)
Where k is the curved stiffness modulus, which is
represented by the thermal heat kBT, suppose
that equal to 10kgT
B represents the potential contributions in the
molecular assembly. (Smolyanskaya, 1973; Ross
1983; Hinchliffe, 2015).

The DNA for human tissues differs with the tissue
type, in addition to that the single tissue is
considered as a heterogeneous when talking about
the optical and insulating properties. Therefore
will be different for every different kind of tissues,

stiffness modulus
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and it will be equal to one for the aggregate tissue.

k =1, where 1, = 20b(for naked DNA)

In this aspect the Lenard-Jones potential will
appear in our calculations.

WO ifrer

(25
0 otherwise ®

Vij: the pair potential of Lennored — Jones

Vi (r) = 4¢ [(g)lz — (g)s] .(26)

U(r) = Vi = Vijen = Vi = (=Vy;) = 2V;... (27)
for rtdistance

[c-]

1
U,==| dr 4mr®Nu(r).........(28)

2 rth
When r <r™ N will be equal to the assumed
particle rate within the range in which we
compute, substitute for u (r) with V;; Leonard
Jones voltage, we will get:

3
U,, = —167Ne (%@

Within this concept the natural potential for the
DNA particles keep them tight together. and the RF
wave potential will not be enough to make a
distortion. In fact the RF wave potential can cause
deformation if the frequency of these waves
matches the natural frequency for the particles
making up the tissue, or its binding.
A Matlab code established to simulate resonance
effect of the low frequency RF wave with the
natural frequencies of the human cells. According
to this simulation, a doubling in the wave
amplitude occurs due to the resonance which may
lead to the damage .
Our results agrees with what lvancica 2012, Mobin
Marvi and Majid Ghadiri 2002, Robert K. Adair
results 2002, Lin Dong 2015.

Conclusions
1- Tissue display different polarization mechanisms
shown as follows:
a-Polarization by dipole alignment:
b- lonic Polarization
-the relative permittivity determined the tissue's
components responsive to the external field,
where it depends on the frequency.
-The relative permittivity decrease with increase
the frequency of external field.
-Its classified into three phases(a dispersion, B
dispersion, y dispersion)
c- Electric Polarization

J. Genet. Environ. Resour. Conserv., 2021,9(1):183-189.
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2- The sources of radio waves calcified to : near of
the human body as mobile phone, and some far as
radio stations and wireless stations.

3- specific absorption radiation (SAR). SAR is a
dosimetric quantity, it defined as the rate of RF
power absorbed per unite mass by any part of the
body, FCC determined the SAR by the value
(1.6watt/kg).

4- RF effects on the human tissues classified to:
thermal effects and non-thermal effects.
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