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Abstract

Introduction: Public and occupational exposure to electromagnetic fields due to the growing trend of electronic
devices may causc adverse effects on human health. This paper describes the risk of mutation and sexual trauma
and infertility in masculine sexual cell by mobile phone radiations.

Methods: In this study, we measured the emitted dose from a radiofrequency device, such as switching high voltage
at different frequencies using a scintillation detector. The switching high voltage power supply (HVPS) was built
for the Single Photon Emission Computed Tomography (SPECT) system. For radiation dosimetry, we used an
ALNOR scintillator that can measure gamma radiation. The simulation was performed by MATLAB software, and
data from the International Commission on Non-lonizing Radiation Protection (ICNIRP) were used to verify the
simulation.

Results: We investigated the risks that result from the waves, according to a report by International Commission
on Non lonizing Radiation Protection (ICNIRP), to every organ of the body is defined by the beam and
electromagnetic radiation from this electronic device on people. The results showed that the maximum personal
dose over a | 5-min period working at the mentioned HVPS did not exceed 0.31 uSV/h (with an aluminum shield).
So, according to other sources of radiation, continuous working time of the system should not be more than 10
hours. Finally, a characteristic curve for secure working with modules at different frequencies was reported. The
RF input signal to the body for maximum penetration depth (8) and electromagnetic energy absorption rate (SAR)
of biological tissue were obtained for each tissue.

Conclusion: The results of this study and International Commission of Non Ionization Radiation Protection
(ICNIRP) reports showed the people who spend more than 50 minutes a day using a cell phone could have early
dementia or other thermal damage due to the burning of glucose in the brain.

Keywords: Radiofrequency, Mobile Phone, Radiobiological Effects, Mutation, ICNIRP

1. Introduction
Many people are not aware of the harmful effects of radiofrequency waves (RF) and their role in cancer and other

serious risks. Scientific evidence suggests that cancer is not only linked to mobile phone radiation and that other
factors also may be involved in its development. Most mobile operators use from radiofrequency waves in the range
up 300 MHz to 3 GHz that can be harmful for human health (1). Many scientific studies have been done on the
radiobiological effects of RF waves, and most of them have reported the rare relationship between RF exposure and
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;';:;c C;;;v:cd by mo}nlc' phoncs on the body m the last 18 vears (2). However, 'thcy could lead to i.n_crumic.d.bud.y.
perature, cspecially in the head and neck, who have a low threshold dose and increases the probability of injury if
‘h‘j"’c 18 1“"{11'14’?7“ exposure to these waves. Mobile phones emit RF waves even when they are in standby mode. When
using mobile phones, various factors should be considered, such as the duration, location, and method of use, in order
1o reduce the pgssihlc effects of exposure to radiation in the RF. Because of the risk of mutation and sexual trauma
anfj to prevent infertility due to the effect on male sexual cells, the mobile phone should be away from the waist. In
this study, we measured the emitted dose from a radiofrequency device at different frequencics using a scintillation
detector. The results of this study and International Commission of Non Tonization Radiation Protection (ICNIRP)
reports show that people who use cell phones more than 50 minutes a day face carly dementia or other thermal d:\mngé
due to the burning of glucose in the brain (3). Currently, the ranges of subjects related to occupational and public
exposure of clectromagnetic ficlds have been increased. Due to the possibility of adverse effects on human health,
performance study of these devices has significant importance (4). There are two types of electromagnetic fields based
on the frequency range. i.c., extremely low frequency (ELF) and very low frequency (VLF) fields. ELF and VLF
ficlds® frequency ranges are between 3 and 300 1z and 3 and 300 ktlz, respectively. Due to the nature of static
clectricity. clectric and magnetic ficlds at thesc frequencies operate separately from cach other and will be measured
in the different circumstances (5). Electric and magnetic fields can be produced by carrying of electric current at any
wiring or equipment. such as overhead or underground power lines, home wiring, medical equipment, and electronic
devices (6). The most important factors that influence human exposure are power density of the frequency generator
source, distance from the source. type and thickness of the exposed beams, and frequency (penetrated depth) of the
RF input signal to the body (7). Figure 1 shows the frequency ranges of electromagnetic fields.
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Figure 1. Electromagnetic fields according to the frequency ranges (4).

2. Material and Methods
2. 1. The Switch Mode High Voltage Module (SMHVM)

The High Voltage Power Supply (HVPS) that was used in this study was made based on the push-pull topology (4-
8). It was designed and built for the Single Photon Emission Computed Tomography(SPECT) system, and its
performance was evaluted through simulation as well as experiment. The nominal frequency of SHVPS is about 31
kHz that is achieved in half of the duty cycle. Some module specifications, such as the maximum intensity of the
magnetic field (B..ax), output voltage (¥,), output current (/,), maximum switching frequency (£ max), reference voltage
(V,), and bias voltage are By = 200 mT, V,= 2000 V, I, = 20 mA, Fnu = 60 kHz, V,=55V,and V.= 12 V,
respectively. Figure 2 shows the prototype model of the constructed module.In switched mode power supplies,

switching frequency interference results in a sudden flow of electric and magnetic fields. Thus, to reduce the effects
of interference, Electromagnetic Interference (EMI) filters and RF shielding are used.
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Figure 2. The prototype of cc‘)n'éutlruccd high voltage owcr supply module.

2.2. RF Dosimetry

The body exposure that is caused by RF waves of electric and magnetic fields, which varies with the intensity (?f the
output signal was determined. Usually energy measurement of transmitted RF signals that enters the body is not
exactly possible. However, it can be estimated and predicted. For quantification of the exposure effects on the human
body, the term used is dosimetry (dosimetric quantities). Other quantities related to the exposure of tissue include the
electric ficld strength, the induced current in the body, and the rate of energy absorbed by the external field. The
dosimetry role is to evaluate the amount of the induced electric fields in the body. Also, the dosimetry term often is
used to connect the body and the biological effects resulting from energy absorption of electromagnetic waves. To
measure the absorbed energy in the body by RE wave that was emitted from the HV module, an ALNOR dosimeter
was used in this study. Usually, the exposure limit is expressed by specific absorption rate (SAR), which is a
measurecable metric. SAR is the time rate at which clectromagnetic energy is absorbed in a biological tissue and can
be expressed as (9, 10):
2

(1) SAR — O-EHHS
ye)

£}

where o is specific conductivity Sm- 1, Eyms is the effective amount of field in tissue, and p is the density of the
radiation-exposed tissue, which, for the head is 1.027 (gr cm™). Because the head is the most important member of
the body, it is necessary to €Xpress the above parameters for this body part. For head limp o at room temperature is

1.79 (S m"), Epns for this module at 1.5 m distance from the dosimeter (on the head) is 1500 (V m"'and density of itis
1.027 (gr cm™).

2.3. RF penetration depth measurenments

The penetration depth of the RF wave enters into biological tissues and the frequency of the emitted wave are inversely
related. The electric field due to the RF input signal to the body will decrease after a distance from its original amount

(Griffiths, 1989), known as the skin depth (Figure 3). The skin depth of each tissue type organ depends on the electrical
permittivity and conductivity.
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vhere @ i e :mgu'lm s bl L .ﬂ"d £are magnetic permeability of materials., conductivity (S m™'), and
) rmeability. respectively. l.JsunHy. 1Lin tissues has cssentially the same value as in free space, 4rr » 1077 (H m™").
T‘;IC rclmionship between skin depth of RF waves and frequency is shown in Figure 4.

Material frequency
#1100
Z
g r Low
Y
] -
9
Q
§ f—
g S Medium
]
v B .
; High
o
o
(4

Figure 3. Relation between RF wave depth penetration and emitted frequency from generator (4).

?. I'{fz:;ltsl the maximum allowable working with high frequency sources, according US Federal Communication
n ,

ission (FCC), is shown. According to the first row of Table 1, at the frequencies of 15 to 60 kHz, the maximurp
o e erator should not be more than6 min. To determine the intensity of magnetic field exposure limit
el e i operlues (rms) is given. In this study, the value of B at 25 kHz switching frequency is 2.4 mT. Figure
g ey effecml/e \(lia se rate received to dosimeter, at a distance of 1.5 meters from the module. The row data for
. demOI}Strath tllet'\?e dose and relationship between the penetration depths of RF wave entrances to body with the
Calcmatlonocf:'uer?nl;t?eii wave at different distances from module can be collected. As is clear from the results, the
g:g;igan depth of the wave RF and the frequency of the emitted wave is inversely: (& «<fi ).
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Figure 4. The dose rate at a distance of 1.5 m from the module (measured by ALNOR dosimeter)
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4. Discussion

Numerous epidemiologi : )
to ELF ficlds and the ‘%S(;(a‘o?g‘;‘ne: th.e aSSO.Clation between public and occupational exposure, particularly exposure
EM field is induced in the tissu Cr,hlncludu.]g lchcm%a, brain tumors and breast cancer has shown (8). An internal
Conference of Governmental 1 € when 4 b‘O_IOglcal tissue is exposed to RF waves (11). According to American
exposure limit, for the whole b (gldUSIrlal Hygienists (ACGIH) and ICNIRP reports (7). the normal Occupmionz‘ﬂ
flux density of the magneti ody. notto exceed 60 mT or 600 G. Occupational exposure limit values of the magnetic
are T . g.,ncpc field with a frequency rangc 30 kHz and less than it, refers to @ value that if employees
equently faced with it, does not have any ne ativegeffect on their health. To determine the intensity of magnetic
2zlduzxposure limit values are effective values (rrgns) is given. Occue;;ational ;:xposurcs in the range of extremely low
B _(:‘ 63((:3}; (ELF) 1 Hz to 300 Hz, the amount shall not exceed the ceiling provided in the link below:
f
}fn the abov? equation, the level of exposure by tesla (T) and f'is the fre
requency range of 300Hz to 30 kHz (including audio frequency band [VF] from 300 Hz to 3 kHz and very low
frequency band [VLF] is the 3 kHz to 30 kH2z) shall not exceed the ceiling 0.2 mT. Exposurc limit values for frequency
of 300Hz to 30 kHz, including the body and is also part of the body. At frequency of 35 kHz (nominal module
frequency) maximum valuc of & factor is cqual to 19.9um in the middle of the skull bone (1 to 7 mm) is much less,
but the RF energy can penetrate into the brain in the area of the bone in place leaves. Hypotension, dizziness, insomnia,
headaches, loss of memory, etc. (12). There is also the direct cffects of long-term cancer risk. The as Low as

Reasonably Achievable (ALARA) rules are necessary-

quency in Hz. Occupational exposures in the

5, Conclusions

NCRP-86 reporting threshold of biological effects caused by occupational exposure to RF radiation absorption to 0.4
(W Kgh determined according to the amount of 39.21 (W Kg™") of this module is to measure the duration of the
ongoing work in the once the device should not exceed 15 min. Also, in switching power supplies, there are long lines
of communication between circuits components can reduce the effectiveness of high-frequency filters that this will
lead to an increase in exposurc. In general, considering that mental and psychological effects of these fields has been
reported in small quantities, In order to control the possible harmful effects RF fields as possible from exposure. In

this field, through the reduction of working time with a beam and the distance of the field with equipment distance

and the training of personnel exposed to radiation, is prevented.

Acknowledgments:

This work is a part of a large project aimed at developing an accurate, low ripple and safe high voltage power supply

for using in the medical equipment. It is supported in part by Shahid Beheshti University and Research Center for
Molecular and Cellular Imaging, Tehran University of Medical Sciences, Tehran, Iran. Also, it received no specific

grant from any funding agency in the public, commercial, or not-for-profit sectors.

Conflict of Interest:
There is no conflict of interest to be declared.

Authors' contributions:

All authors contributed to this project and article equally. All authors read and approved the final manuscript.

Page 2456



22 CCS? o e
e Drossos A, Sﬂ}:_‘omf‘“ ‘}/’ 'f‘”“'“ N. The dependence of electromagnetic energy nbsorption upon human head
issue composition i the frequency range of 300-3000 Mi1,, (112511, Tra icroviave v Tech, 2000,
4511): 1988-95. doi 10,1109/22.884187 L Trar S arovabe Theory T, 2008,

2) Ahlbom A, Green A, Kheilets L, Savitz D, Swerdlow
“ exposure. Environ Health Perspee. 2004; | 12(17): 174
lers IM, Lxposure 1o residential electric and

London SJ, Thomas DC, Bowman JD, Sobel E, Cheng TC, Pe
magnetic fields and risk of childhood Ieukemia, Am J Epidemiol, 1991; 134(9); 923-37, PMID: 1843457,

4) D’Antonc 1, Lolli M, Zanotti M. High voltage generator for the power supply of photomultiplicrs in the time
of flight system of Alpha Magnetic Spectrometer-2 experiment, Nucl Instr Meth Phys Res. 2002; 480(23):

555-64. doi: 10.1016/S0168-9002(01)01222-0.

Habash RW. Electromagnetic fields and radiation: Tuman bioeffects and safety, CRC Press, 2001,

Knave B. Elcctromagnetic ficlds and health outcomes, Ann Acad Med Singapore. 2001; 30(5): 44943

A. Epidemiology of health effects of radiofrequency
1-54, doi: 10,1289/¢hp. 7306, Py, 15579422,

3)

5)

6)
PMID: 11603131, o »
Advisory group on non-ionising radiation, Health effects from radiofrequency electromagnetic ficld. 2012

7)
978-0-85951-714-0. »
8) Brown M. Power Supply Cookbook. 2nd ed. Boston Oxford Johannesburg Melbourne, New Delhi
Publication, 2001. ISBN-13: 978-0750694421. o T e
9) Stevens N, Martens L. Comparison of Averaging Procedure for SAR Distribution at 900 an 2
(IEEE) Trans Microwave Theory Tech. 2000; 48(11): 2180-4. doi: 10'1']09/2‘2'8842'12:1 oo
10) Jha BK. Effects of clectromagnctic fields on human bcir/lgs al};izeéjctromc devices. Himalayan Physics. :
3(3): 38-9.http://www.nepjol.info/index.php/HP/article/view . ) ) . ~
11) B(criardi P, I’Iisa S, Puizz}iJ E. Specific absorption rate and temperature mcrc?'s% llnl éhge}zh;;ig&zigz .%”Uk’l
phone user. (IEEE) Trans Microwave Theory Tech. 2000; 48(’{'): ] 1'18-2f6Nd01.Y0r.k Do '1982.
12) Becker RO, Marino AA. Electromagnetism and Life, State University of New ;



