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ABSTRACT

The use of mobile phones has expanded in recent decades. Despite the extensive studies in this field, less attention
has been paid to the biological effects of electromagnetic fields emitted by the mobile phones. Therefore, in this
study there has been an attempt to compare the electric field, the specific absorption rate caused by exposure to
mobile phones from samsung, nokia and sony to be followed. The electric field of Samsung maobile phones (8
Brands), Nokia (9 Brands) and Sony (4 Brands) at intervals of 2, 25 and 50 cm in case of ringing, vibration and
silent modes by HI-3603 equipment to measure and compare. The electric field amplitude Brand Samsung 0.06 to
1.5 v/imin Nokia brand 0.06 to 10.9 v/m, 0.05 to 2.8 v/min the Sony brand. Specific absorption rate respectively in
different modes Samsung brand; vibration<silent<ringing for nokia and sony; brand vibration<silent<ringing.
Foecific absorption rate in nokia brand in non-significantly was more than the Sony and Samsung (p value> 0.05).
Although the electric field, followed by specific absorption rate was significantly less than standard, many dangers
of mobile phone use is unknown, therefore their use should be taken with caution.
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INTRODUCTION

The electromagnetic fields expand in form of enaisdields in a vacuum or matter. The fields incladlectric and
magnetic fields that oscillate in its phase perpandr to the direction of their energy. Due to thequency of
electromagnetic, radiation fields are classifiedt tits spectrum includes radio fields, radar anétared radiation,
visible light, ultraviolet radiation, X-rays andmana [1, 2]. These fields are produced in diffeaipment’s and
appliances used in daily life such as refrigegtreezers, television, radio, micro field, phapiers, computer
screens, halogen lights and printers [3]. The §ietd micro field are also part of the electromagndields’
spectrum, which its frequency ranges varies frod BHz to 300 GHz. Its field length varies from 1 mmnl m
[5,4]. The fields radiated from mobile phones wittean frequency of 900 MHz up to 1 GHz are placethis
frequency range (Figure 1) [6].
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Fig. 1: Thefrequency range of fieldsradiated by mobile phones

Because of the radiation of the field on the enengjecules it is absorbed the molecular and catieemolecules
vibrations or change of its temperature. Identifythe biological effects of micro field radiatios @ complex and
controversial issue and there is evidence thatrdibekow these fields based on the intensity amedjfency of
exposure time, different biological effects in nmles under radiation are created [7,8]. The expansf the
widespread use of electrical devices (EMF), esfigamobile phones and numerous reports that existecent
years about the of various abnormalities effectshef fields on different developmental processassiog many
concerns regarding the harmful effects of cell ghoadiation on human health. Currently, a numberasf-thermal
symbiosis effects also consisting of alternatiomsceéll function, including changes in reproduction speed or
changes in gene expression that cause cell death, réduction in melatonin production and human
electroencephalogram by the antenna of homes’ lplertaobile phones have been reported [9]. Todgyosuxre to
the electromagnetic field emitted by mobile phoisegevitable [10,11]. In 2011, 129.86 million dfet 140 million
populations of Japan, in the United States of Aoze8il % and 94 % in Great Britain have used mqiines [12-
14]. The mobile phone ownership increases from 1i2 %999 to 76 % in 2009. In Iran according to thenber of
SIM cards that have been granted have a rate ofd 8@obile penetration [15]. This overuse, especiallthe last
two decades caused much concern on the effectBSKElectromagnetic fields) emitted by smart melghones
on human health [16-18]. Radiations are divided tmio categories ionizing and non-ionizing [19].al reports
indicate that exposure to the light of non-radiatisuch as EMFs can cause effects such as headaquws
concentration and memory, fatigue, drowsiness amdety in humans [20,21], intervention in cardiaattbry
performance (at a distance of less than 15 cmgaple with heart disease [22], adverse effecthenréproductive
system, including men'’s infertility [23]. EMFs alsan also have damaging effects in other organiBosexample
earthworm FetidaEisenia if exposed to EMFs mol@@0(MHz) its cells’ DNA will be damaged [24]. The W
Health Organization has categorized the EMFs edhlttethe cell phones considering the aspects aira@genesis
in Class 2 B (possibly carcinogenic) [25]. At aguency of 900 and 1800 MHz, 41.25 m/v and 53.8 imiatended
as a guide for public exposure [26, 27]. Studiesetshown that at frequencies greater than 100Mtt) as mobile
frequencies, exposure assessment by calculatings@i® (specific absorption rate) is very importa@8,[ 29].
International Committee of the protection of nonimng radiation (International Commission on Nomizing
Radiation Protection)for special absorption of glmmagnetic field by SAR have suggested the lohi2 W/Kg in
10 grams of tissue and electrical Institute andtedaic (Institute of Electrical and Electronicadineers)and the
World Health Organization 1.6 W/Kg in 10 grams wstie radiation is required [27,30]. In recent gearany
studies have tended towards the impact of elecorté fields on health [31], clinical disease [32[d behavioral
effects [33]. But less attention has been paichéspecific absorption rate of mobile phones iglantro-magnetic
field. That's why in this study thee has been derapt to measure and compare the electric fielarfy, Samsung
and Nokia mobile phones. As well as the specif&oaption rate of the SAR was compared with thedstedh limits.

MATERIALSAND METHODS

M easuring the electric field

This descriptive analytical study was conductedutober 2015 in a way that first three models o&irmobile
phones of the famous brands and the most use@ wwahd with names of Samsung, Nokia and Sony \selected.
From Sony model (4 brands: Xperia L, Xperia G, Xpé&5 and Xperia XA), Nokia (9 brands: 6300, 7336;03,
1202, C6, 5530, X2, X6 and C5) and Mel Samsungré®ds: Gt-s6312, Gt-18262, Galaxy Star, Galaxy &3,
s5360, Galaxy Ace, Galaxymini2 and Galaxy Tab3)e €lectric field was measured by EMFs survey meiadel
HI 3603 equipment. Before you begin measuring tleetec field background that can be due to otHectecal
equipment’s such as telecommunication towers, rtestibstation, television and etc., was measukéshsuring
was done at a distance of 2 cm, 25 and 50 cm a&ndrtging, vibration and silent.
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Calculating the Specific Absor ption Rate
The specific absorption rate is defined in formnofmal energy loss in confrontation of the denseena [34].
To calculate the specific absorption rate of theetic field, the equation 1 was used by ICNIRP,385%.

SAR = % @

p

In this equation SAR; electric field specific alstion rate (W/kg)o is being under guide line of the SARtmM™)
that in MHz 900 MHz 1800 equals 0.7665 and 1.183in™ equals 1.1531 respectively amis the mass density of
the SAR (Kgr?), which is also in 900 and 1800 MHz equals Kghd30 [35].

Statistical Analysis

For statistical analysis the Spss software V16d @ffice Excel 2013 were used. After determining farameters
of a normal distribution, the test (Fist paramdtefest) was used for statistical analysis. Foratmparison of the
mean electric field of mobile phones, Samsung, Bl@kid Sony and the comparison of at intervals pft%2and 25
cm) and various modes the test ANOVA (HSD) was ufed the comparison of the electric field and specific
absorption rate with guidelines and standardseafuencies of 900 and 1800 MHZ, the test (One Samydlest)
was used. P value <0.05 was chosen as the sigrifidavel ¢ = %5).

RESULTSAND DISCUSSION

The electric field amplitude in the Samsung bregdals 1.5 to 0.06, in the Nokia brand equals 1®®@.06and in
the Sony brand equals, 2.8 to 0.05 (Table 1).

Table 1. Electric field of Samsung ,Nokia and Sony brand in theringing, vibration and vibration mode

Brand Model EW (v/m) Bran | Mode EW (v/m) Bran Model EW (v/m)
d | d
Ringin Vibratio | Silen Ringin Vibratio | Silen Ringin Vibratio | Silen
g n t g n t g n t
0.3* 0.2 0.2 2.55 9.02 9 1.5 1 1.05
0.06** 0.06 0.06 6300 0.13 0.15 0.14 Xperia 0.06 0.06 0.06
Gt- 0.06** 0.06 0.06 0.06 0.06 0.04 L 0.06 0.06 0.06
$6312 *
0.1 0.09 0.1 8.735 10.9 9.6 Xperia 1.73 2.6 1.2
Gt- 0.06 0.06 0.06 2730 0.12 0.14 0.14 G 0.04 0.06 0.06
18262 0.06 0.06 0.06 0.06 0.06 0.04 Sony 0.06 0.06 0.p6
15 0.92 15 0.08 0.06 0.06 Xperia 1.25 2.1 1.5
Galaxy 0.06 0.06 0.06 C5- 0.06 0.06 0.0 E5 0.05 0.06 0.p5
Star 0.06 0.06 0.06 03 0.06 0.06 0.0 0.0§ 0.06 0.p5
0.08 0.1 0.08 0.65 0.65 0.44 Xperia 2.3 2.8 1.1
Galaxy 0.06 0.06 0.06 1202 0.06 0.06 0.0 XA 0.06 0.06 0.p5
S3 0.06 0.06 0.06 0.06 0.06 0.0 0.0§ 0.06 0.p5
0.53 0.5 0.57 0.08 0.08 0.06
Gt- 0.06 0.06 0.06 C6 0.06 0.06 0.0
Samsun S5360 0.06 0.06 0.06 | Noki 0.06 0.06 0.0
g 0.26 0.2 0.16 a 0.09 0.07 0.06
Galaxy 0.06 0.06 0.06 5530 0.06 0.06 0.0
Ace 0.06 0.06 0.06 0.06 0.06 0.0
0.12 0.12 0.11 0.18 0.12 0.1
Mini 2 0.06 0.06 0.06 X2 0.06 0.06 0.0
0.06 0.06 0.06 0.06 0.06 0.0
1.05 0.7 0.7 9.8 8.9 7.92
Tab 3 0.06 0.06 0.06 C5 0.1 0.13 0.08
0.06 0.06 0.06 0.06 0.06 0.0
25 25 2.5
X6 0.06 0.06 0.06
0.06 0.06 0.06

*distance 2 cm, ***distance 25 cm, ****distance 50 cm

The mean of the electric field at a distance oft2was more than and 25 and 50 cm. At a distance @h in
ringing mode, Vibration and Silent for Samsung lravas 0.49 + 0.52, 0.35 = 0.32 v/m and 0.43 + &A@ for
Nokia brand was 2.74+3.84, 3.59+4.61 and 3.3+4/@4fer the Sony brand was 1.7+0.45, 2.13+0.81 a@d % 0.2
v/im (Table 2). The background electric field wa@30and that's why no intervention took place in teasuring of
the electric field.

The maximum and minimum of the electric field ire thistance of 2 cm for Samsung brand in ringing eneds
and for Sony brand was in silent mode and in ttherimobile distances not the difference was obsebatween
phone brands (Table 2). In the Samsung brand tlet amount of the electric field was on the ringingde (0.49+
0.52 v/m), in the Nokia brand was in vibration m¢8e9+4.61 v/im) and for Sony brand as also inatibn mode
(0.81+2.13). Samsung brand also the lowest elefitid was related to vibration mode, in Nokia watated to
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ringing mode and for the Sony was in a silent mdde sequence of electric field in different modésSamsung
mobile phone was ringing<silent<vibration, for nmknobile phones was vibration< silent< ringing doxdSony
was also Vibration< Silent< Ringing, respectivedplmogorov—Smirnov test has shown that the dataoisnally
distributed (p value = 0.19), therefore paramdtrtest) tests were used.

The electric field at a distance of 2 cm for theki brand was more than sony and samsung bueidittance of
35 and 50 cm no difference was observed betweebrérals (Figure 2).
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Figure 2. Comparison of the electric field of, Samsung, Nokia and Sony mobile phone brands

Table2. Mean and standard deviation of the electric field samsung, nokia and sony mobile phone brands

EW (v/m)
Brand Distance Ringing Vibration  Silent
2Cm 0.49+0.52 0.35+0.32 0.43+0.49

Samsung 25Cm 0.06+0.01 0.06+0.01 0.06%0.01
50Cm 0.06+0.01 0.06+0.01 0.06%0.01
2Cm 2.74£3.84 3.59+4.61 3.3¥4.24

Nokia 25Cm 0.08+0.03 0.09+0.04 0.08+0.03
50Cm 0.06+0.01 0.06+0.01 0.06%0.01
2Cm 1.7+0.45 2.13+0.81 1.21+0.2

Sony 25Cm 0.06+0.01 0.06+0.01  0.06+0.01
50 Cm 0.06+0.01  0.06+0.01  0.06%0.01

Since the electric field in Samsung phone was rtiae Nokia and Sony, so the SAR was also highehisrbrand.
In the 900 and 1800 MHz frequencies in the dista2w® the highest and lowest SAR in Samsung brarsliwa
ringing mode and vibration for Nokia brand was ibration and ringing mode and sony brand was imatibn and
ringing mode (Table 3). SAR at a frequency of 1806ompare to 900 MHz was significantly (p value843).

Table 3. Specific absor ption rate dueto electric fields of samsung, nokia and sony mobile phones

SAR-900 SAR-1800
Ringing Vibration Silent Ringing  Vibration Silent
Samsung 3.6E-04 2.6E-04 3.2E-04 5.5E-04 3.9E-04 4.8E-04
4.0E-05 4.0E-05 4.0E-05 7.0E-05 7.0E-05 7.0E-05
4.0E-05 4.0E-05 4.0E-05 7.0E-05 7.0E-05 7.0E-05
Nokia 2.0E-03 2.6E-03 2.5E-03 3.1E-03 3.9E-03 BE-
6.0E-05 7.0E-05 6.0E-05 9.0E-05 1.0E-04 9.0E-05
4.0E-05 4.0E-05 4.0E-05 7.0E-05 7.0E-05 7.0E-05
Sony 1.3E-03 1.6E-03 9.0E-04 19E-03 2.4E-03 1.2E-0
4.0E-05 4.0E-05 4.0E-05 7.0E-05 7.0E-05 7.0E-05
4.0E-05 4.0E-05 4.0E-05 7.0E-05 7.0E-05 7.0E-05
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The results of this study showed that electricdfi¢he specific absorption rate by the head folldwenokia mobile
phone was non-significantly more than samsung ang sobile phones (P value> 0.05) As can be seéiigiure
3, the specific absorption rate in mobile phonaspsing, nokia and sony in all three modes at ardistof 2 cm
was significantly more than the 25 and 50 cm (Ri&al0.001). The electric field in the distance 88 &0 cm they
were not significantly different (P value> 0.05).

As it can be seen in Table 4, the electric fieldnh brands samsung, nokia and sony are not difféi@m each
other at various distances significantly (P val0ed5).

Table 4.Comparison of samsung, nokia and sony mobile phonesin the electricfield (v/m) at a distance of 2 cm

Distance Brand p value
Samsung  Nokia 0.09
2 Sony 0.45

Nokia Sony 0.51

Samsung  Nokia 0.72
25 Sony 0.69
Nokia Sony 0.57

Samsung  Nokia 0.7
50 Sony 0.68
Nokia Sony 0.57

The standard limits for the frequency 900 and 1B®{ is 41.25 and 53.8 v/m. therefore, the meaelettric field
in three mobile phone brands, samsung, nokia ang, seas significantly less than these lim{® value<0.001)
[26,27]. The mean of SAR at a distance of 2 cmlinttmee mobile phone brands were significantlyslélsan
standard 1.6 and 2 W/Kg [27,30]. According to theerse-square law [37], with increasing the distaftom the
source of the electro-magnetic field, the fiel&esgth will be reduced that is why the electricdiat a distance of 2
cm was much greater than the distance 25 and SFigure 3).

Ringtone 4 Vibration

==Samiuag  ==Nokia Sony ~Samsung  —Nokia Sony

Electric wave (v/m)
Klectrie wave (vim)
"~
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35 Sileat
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Figure 3. TheElectricfield at a distance of 2, 25 and 50 cm in theringing tone, vibrate and silent modes
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In the study of Fakhri et al that was performedsatifferent models of samsung and nokia, the médheoelectric
field at a distance of 5 mm was respectively+0.829 v/m and 2.28).39 v/m that in comparison to this study was
significantly higher (p value <0.05) [8]. Since ttiistance in the study of Fakhri et al was andaldhan this study
(2 cm), therefore, The electric field was also tgran the other hand, difference between the lsrander the study
could be another reason for the increase is thatreldield.

In another study done between smart and simplenggheonducted by Fakhri et al on the electric fialdhe

distances respectively was ™18 v/m and 2.38.18 v/m that in comparison to this study was aigmificantly

higher than [29]. Thus, the main cause for theedififices of electric field in the previous studiesompare to the
current study was the larger number of mobile peara the difference in phones brand. The meaheoélectric
field in the study of Lehmann et al was (5.5 v/igttwas higher than our study [38].

The SAR in the study Naif et al in the distanceDdflmm equaled 1.57 W/kg, which was much highen tar
study in comparison [39]. But in the study of Balmet al the specific absorption rate in adulta &equency of
900 and 1800 MHz respectively was 2.35 and 2.74 §\th&t in compare to our study the results werddrighan
[40]. According to the manufacturers, the mean SAR16 nokia models of mobile phone equals 80/837W/Kg
and in 96 models of Samsung mobile phones wast0.88 W/Kg and in 15 models of Sony mobile phone was
0.67+0.17 W/kg that in compare to our study was sigaifily higher [41]. In addition, in the study of djam et al
SAR for adults at frequencies 900 and 1800 MHz, rgapectively, 0.13 and 0.27 W/kg, that in commarito our
study it was higher than our study (P value <0[@3).

CONCLUSION

The electric field of the nokia mobile phones amnnsignificantly more than sony and samsung brafnde
sequence of the mobile phone brands based on SAReaspectively as such, samsung<sony<nokia wasl(fex
0.05). The electric field, followed by the SAR wsignificantly less than the standards. Although $i#&R in this
study was less than standard, the possible riskheofexcessive use of mobile phones cannot be amlextl.
Therefore it is recommended that the use of mgifitenes, especially nokia should be done with matgian.
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