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ABSTRACT

The EMF effect on the arterial blood flow is investigated employing a mathematical model. The
propagation of an incident electromagnetic wave in the ultra-high frequency range (UHF), 200MHz
-100GHz, is studied. This range covers the microwave to the millimeter wave ranges (MW-
mmWave), currently adopted as the 5G mobile communications. Thermal and non-thermal possible
effects, due to this UHF far field exposure are accounted for by the present results. These results,
obtained from the proposed mathematical model, illustrate the distribution of both the induced
power and the current densities versus frequency in arteries and blood within. The frequency
dependence of dissipated and stored power densities is thus investigated. In addition to this, the
ohmic and displacement current densities are computed. These are related to thermal and non-
thermal effects as well. The present results are calculated for electric field strengths ranging from
1V/m to 1kV/m.

Keywords: Mathematical model; MW and mmWave exposure; stored and dissipated power; current
density; arterial exposure.
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1. INTRODUCTION

The increase of the dependence on wireless
communication has a strong impact on the
scientific and engineering research world. Most of
the technological applications utilize wide
frequency ranges especially with the advent of
the fifth generation of communication (5G). The
5G that employs millimeter waves (mmWave)
ranging from 2.3GHz to 3.4GHz encourages
excessive use of wireless products. Previously
the use of mmWave band has been exclusively
kept for the military and police applications.
Despite the great benefit of expanding to the
mmWave range, the EMF whole body exposure
levels will undeniably increase as a result.
Accordingly, the employment of such band
requires the establishment of denser cell phone
tower urban networks, estimated as five times the
existing one. In addition to this, it is expected that
more wireless devices, including wireless-
enabled vehicles, will be commonly used. So the
public are expected to receive an excessive EMF
dose.

The EMF effect on the health and environment
has enjoyed a considerable interest of scientific
research [1-8]. Despite the extensive work on the
health and safety levels of RF and MW, [9-12];
the impact on human and animal health or on the
environment of such high frequency
electromagnetic spectrum is still not adequately
addressed by the scientific world. These safety
levels are measured as SAR (w/kg) or power
density (W/m?), the effect of which in the tissues
is beleived to be thermal [13-17]. It is possible
that the mmWave have completely different
biological effects from those caused by the MW
[18-20]. The mmWaves have been used as
military weapons causing the temporarily
sensation of skin burn [21] among other
symptoms [22]. On the other hand low intensity of
these waves have been used for therapeutic
treatment [23].

The inconclusive reports on the non-thermal
effects of EMF radiation that disregard their
possible interaction mechanism with human
tissue,arouse a cotroversy about the existing
standards of health and safety.

The main purpose of the present work is to
employ an analytical approach to calculate the
average power density absorbed in the arterial
tissue and blood within. The incident frequency,
in the MW and mmWave range (200MHz-
100GHz), is considered. The induced current
densities are calculated as a function of

Naggar; PSIJ, 22(1): 1-8, 2019; Article no.PSIJ.47853

frequency and electric field strength. Both
induced power and induced current densities are
related to the thermal and non-thermal effects.

2. MATHEMATICAL MODEL

The present model considers normal incidence of
a polarized EM wave. The electric field of
strength, E,, is assumed to fall normal on a
homogeneous 1mm’® arterial section, of 1Tmm
thickness and 4mm radius, with blood flowing
through, shown in Fig. 1.
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Fig. 1. The model

Maxwell’'s equations are applied, tracing the
normal electric and magnetic fields, E, and H,.
The incident waves penetrate the arterial section
in z- direction reaching the blood within. The
transmission, reflection, dispersion coefficients
are calculated for the artery and the blood as
complex functions of frequency.

Mathematical details of the model has been
reported previously [24]. The model employs the
values of the electromagnetic properties of the
tissues under consideration reported in mnay
researchers [25-27]. The dissipated and stored
power densities, Pyss and Pg,4 are calculated
(W/m?) for the artery and the blood within, in
terms of ¢ (f), o(f), and u (f), as complex
functionsof frequency, f, and field strength, Ey. In
addition, the induced ohmic and displacement
current densities, J,;, and Jp; (pA/mmZ) are
calculated. These quantities are calculated for
different values of E, ranging; 1V/m-1kV/m. The
total electric and magnetic fields in the artery and
blood within are produced over the frequency
range (200MHz-100GHz). The computations of
the proposed deterministic model are executed
by the Maple-V computer program.

3. RESULTS

Fig. 2a and Fig. 2b illustrate the power densities,
dissipated and stored, versus frequency
respectively, in the artery. Fig.(2a) shows minima
at 17.99GHz and 49.89GHz while Fig.(2b) shows
a single minimum at the latter frequency for
E,<10V/m. Whereas Fig.(3a) and Fig.(3b) show



these distributions of power densities, dissipated
and stored, versus frequency for the blood.
These figures show multiple minima at f>10 GHz
for E,=10V/m-1kV/m. Fig.(4a) shows the ohmic
current density distribution versus freauency
while Fig.(4b) shows the freauency distribution of
displacement current density through the arterial
section.These figures show the dissipated power
distribution when subjected to different field
strengths.They show multiple minima at f>10GHz
for E,=10V/m-1kV/m. Fig.(5a) and Fig.(5b) show
these distributions,ohmic and displacement
current densitiesin blood.

For different E,, Table 1 illustrates the average
power for three frequency ranges namely; low
frequency range, LF (30kHz-300kHz), high
frequency range, HF (3MHz-900MHz) and ultra-
high frequency UHF(200MHz-100 GHz). Table 2
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Fig. (2a). Dissipated power density in arterial
section log(Pdiss) vs log(f)
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Fig. (3a). Dissipated power density in
blood log(Pdiss) vs log(f)
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and Table 3 illustrate the average value of the
current densities considering these frequency
ranges for the artery and blood within
respectively.

4. DISCUSSION

In the light of the current wireless technology and
applications there is a growing trend to employ
millimeter waves. This requires not only the use
of the frequency range approaching 42GHz, but
also a considerable increase in the transmitting
antennae density over populated areas (BTS).
Accordingly, EMF public exposure is expected to
escalate. Due to the considerable number of
reports concerning children vulnerability to blood
diseases, due to EMF exposure, the present
work investigates the penetration of these waves
through arterial tissue to the blood.
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Fig. (3b). Stored power densityin blood
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Table 1. Comparison of induced EMF power
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E, LF exposure (W/m°) [26] HF exposure (W/m°) [26] UHF exposure (10°W/m?) (present work)
Vim Artery Blood Artery Blood Artery Blood

Pdiss Pstrd Pdiss Pstrd Pdiss Pstrd Pdiss Pstrci Pdiss Pstrd Pdiss Pstn:i
10 0.083 0.669 0.026 0.0014 0.0004 0.0003 0.0004 0.3 0.05 0.03 0.05 0.0099
50 2.565 0.7187 0.582 0.0362 0.0101 0.0076 0.0072 7.4 1.4 0.7 1.4 1.3
100 8.283 0.9547 2.609 0.145 0.04 0.03 0.0101 29.7 5.6 3.1 54 5
1000 828.31 294.47 260.9 14.469 4.039 3.055 4.0164 2970.1 1055 357 538 499
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Table 2. Comparison of induced EMF current density in artery

Eo LF exposure HF exposure UHF exposure
Vim (10*uA/mm?) (10™*pA/mm?) (10*uA/mm?)

Jd Jpis Jq Jpis Jd Jpis
1 1.98 0.16 3.68 0.379 3.68 0.379
10 19.79 1.6 36.79 3.79 36.8 3.79
50 116.8 8.31 183.97 16.3 183.9 16.26
100 197.9 16 368 38 367.9 37.9
1000 1979.2 160 3673.4 0.379 3.68 0.379

Table 3. Comparison of induced EMF current density in blood

Eo LF exposure HF exposure UHF exposure
Vim (10°uA/mm?) (10°uA/mm?) (10°uA/Imm?)
J d JDis J d JDis J d JDis
1 0.2 0.0143 0.92 1.03 2 0.776
10 2 0.143 9.3 1.033 20 7.8
50 10.167 0.861 46.3 5.2 100.2 38.8
100 20.3 14 92.6 3.8 200.4 77.6
1000 203.2 14.4 926 10.31 2004 776
Hence, the present work introduced a observed in the induced thermal and non-

methodology to assess the absorbed power,
dissipated and stored, and the induced current in
blood.

The present work results are concentrated on
power and current induction in arterial tissue and
blood. We believe that the thermal effects are
related to the dissipated power (Pgss) and the
ohmic current (Jg). On the other hand the non-
thermal effects of these incident waves are
related to the stored power (Psyy) and the
displacement current (Jpjss)-

The present results illustrate the power
distribution with the UHF range, exhibiting
regular behavior up to f=10GHz. After which
considerable irregularities appear with f, which is
believed to be the combined effect of both the
characteristic variation of the permittivity as
shown in Fig.(6a) and the intrinsic properties of
the investigated tissue [27]. This pattern is
consistent for both dissipated and stored power
densities in the arterial section, as shown in Fig.
(2a) and Fig.(2b). The power density level either
dissipated or stored depends markedly on the
electric field strength. On the other hand, for
blood the regular frequency range of power, both
dissipated and stored, extends only to =6.3GHz
as shown in Fig. (3a) and Fig. (3b). After which
the irregularities become more obvious and
deeper than those in case of the arterial
response. Meanwhile the EM field exposure
affects the power absorption in a frequency
dependent behavior exhibiting minima at
f=14.97GHz.  Similar behavior has been

thermal currents in both arteries and blood. The
currents densities are almost regular up to
f=8.9GHz, then they exhibit considerable
irregularities that corresponds to the permittivity
variation, shown in Fig.(6b). As expected the
thermal and non-thermal currents depend on the
field strength, E,. It is noteworthy to point out that
the current density distributions show an
increase in the range 10GHz to 20GHz.

5. CONCLUSION

Most of the international safety standards,
(ICNRP, WHO, IEEE) [13-17], deal with the
possible thermal effects of whole body exposure
to EMF. Usually the non-thermal effects are
overlooked. In the present model, the author
shed some light on the possible non-thermal
energy and induced currents caused by such
exposure.

The new 5G technology, employed for the mobile
network, will change from operating on MW,
around 1GHz-3GHz, to operating on mmWave
approaching 40GHz. Besides, it is well
documented that the exposure to the mmWave,

similar to that proposed by the 5G
communication  frequency, is  considered
hazardous to an extent. Hence, particular

consideration should be given to their effect on
the different biological tissues.

In the present model, a mathematical approach
is employed to study the absorption, dissipation
and storage of power in biological tissue with
particular interest to the induced currents in both



arteries and blood. The values of these quantities
are illustrated for three frequency ranges in the
Tables. This is believed to contribute to thermal
and non-thermal effects. The procedure of this
work can be extended to study similar effects on
different organs subjected to the millimeter
waves.
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