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Abstract
Background: This study aimed to assess the specific absorption rate (SAR) due to the exposure to the 
radiations from different brands of cellphones, and to compare it with guideline values. The SAR is 
calculated using the mathematic equation based on the measured energy.
Methods: In this regard, 204 cellphones from different brands were randomly surveyed. A questionnaire 
composed of demographic and self-reported questions was designed to survey the students’ awareness 
and attitude about cellphone brands, usage duration and observed health effects. The Kolmogorov-
Smirnov test was used for statistical analysis at frequencies of 900 and 1800 MHz and the differences 
between brands were assessed by the Kruskal-Wallis test. 
Results: According to the results, it was found that 46.7% and 8.4% of people used cellphones for less 
than 4 and more than 12 hours per day, respectively. According to the statistical tests, students with 
higher talk time, sent messages, and Internet usage, and those using wireless hands-free, had the most 
reported symptoms of headache, tinnitus, eye burning and eyestrain, sleep disturbances, and skin color 
changes.
Conclusion: The authors found that there was no significant difference between different brands 
based on the SAR values. However, Samsung and Nokia brands had the highest SAR values and ASUS 
brand had the lowest ones. Also, the type of game apps (online/offline) was significantly correlated 
with possible health effects. Therefore, regarding these cases, as well as the fact that many dangers of 
cellphone use are unknown, it is recommended to use cellphones cautiously. 
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Introduction
Today, due to the advances in wireless technology, 
industrialized nations are exposed to a complex mix of 
electric and magnetic fields in the broadband frequency 
ranges from human-made sources (1,2). Electromagnetic 
fields (EMFs) are consisted of cosmic, gamma, X, 
ultraviolet, visible, infrared, microwave and radio 
waves (3-5). These radiations are divided into two types 
of ionizing and non-ionizing radiation (6). Ionizing 
radiation such as gamma, X, and ultraviolet rays are able 
to ionize and severely damage to biological materials like 
DNA (7). Non-ionizing radiations occupy a wide range of 
radio magnetic frequencies and are emitted from various 
electrical devices such as radars, high-voltage power lines, 
telecommunications devices (cell phones), television 

transmitters and more (3). Due to their low energy, 
non-ionizing radiations cannot produce negative effects 
immediately after exposure, while they only intensify in 
chronic contact. These radiations are safer than ionizing 
radiations (8). 

Radiofrequency electromagnetic fields (RF-EMF) 
have a frequency range of 0-300 GHz according to the 
International Commission on Non-Ionizing Radiation 
Protection )ICNIRP( guidelines (2). Some indoor sources 
of RF-EMFs are cellphones, wireless telephones, and Wi-
Fi access points, and some outdoor sources are cellular 
base stations and radio stations (9). Today, the use of 
cell phones is not limited to a specific age group but is 
widespread across all age groups, especially adults (10). To 
this end, the impact of EMF waves emitted by cell phones 
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on the life of organisms and human health has become 
one of the most important research topics (3). In general, 
electromagnetic waves have two major known effects on 
tissues, including thermal and non-thermal (chemical) 
effects (3). Non-thermal effects are cumulative over time 
and their risks become more pronounced after 8-10 
years (11,12). Meanwhile, there is no known biological 
mechanism for the damaging effects of cellphone radiation, 
as the quantum energy used for mobile communication is 
far below the level that breaks chemical bonds. In fact, the 
only accepted mechanism for RF-EMF of cellphones that 
can have a detrimental effect on health is the generation 
of heat. Previous studies demonstrated that elevation 
of brain or ear channel temperature from 1.5 to 4.5ºC 
occurred after about half an hour continuous cell phone 
operation, which is also preventable by contact restrictions 
imposed by ICNIRP for ordinary people (10,12). The 
exposure to cellphone RF radiation has been reported to 
cause various symptoms such as fatigue, headache, sleep 
disturbances and poor sleep quality (6,13,14), and other 
neurovegetative symptoms such as damage accumulation, 
nausea, palpitations (15), earache, blurred vision, short-
term memory loss, numbness, severe electromagnetic 
sensitivity and anxiety (6), and skin complications like 
redness, itching, and burning (15). However, some cohort 
studies have reported an inverse association between 
cellphone use and Alzheimer’s disease, Parkinson’s 
disease, and epilepsy among men (16). Other studies 
have emphasized the long-term development of brain 
tumors due to the effects of radiation on cerebral vessels 
and cells responsible for learning and motion memory 
(3,10). Lerchl et al reported increased incidence of brain 
tumors in the intensive use of cellphones (12). Sadetzki 
et al found that there was a relationship or association 
between long-term and intensive use of cellphones and 
the development of parotid glands tumor (17), the World 
Health Organization (WHO) has classified cell phone 
radiation as a Class 2B carcinogen (5).

Surveys show that the RF values generated by the 
cellphones depend on the number of cellular base stations 
around the area, mobile network traffic, and its distance 
from the base station (18). Cellphone technology, as an 
integral part of today’s life, requires undeniable attention 
(19). In 2018, 59.97% of people used cell phones. 
Penetration is predicted to continue to grow, rounding up 
to 4.78 billion people in 2020 and it will certainly increase 
in 2022 (20). Accordingly, the peak spatial-average specific 
absorption rate (SAR) values of 2 W/kg and 10 W/kg for 
the exposure of the public and exposures in controlled 
environments over 10 g of tissue were introduced, 
respectively. Accordingly, for frequencies above 100 
MHz, the radiation evaluation by the SAR calculation 
is important (12,21-23). The Institute of Electrical and 
Electronics Engineers (IEEE) and the WHO guideline 
value for SAR is 1.6 W/kg in 10 g of tissue. The guideline 

values for the electric field intensities at the 900 MHz 
and 1800 MHz are 41.25 V/m and 53.8 V/m, respectively 
(10,24). So, although many studies have been conducted 
today on the impact of electric fields on health and 
exacerbation of various diseases, little attention has been 
paid to the SAR of cellphones and awareness of people 
about the importance of cellphone SAR values. Although 
in few studies conducted in this regard, the SAR values of 
all cellphones were lower than the guideline values (10). 
The literature suggests that the harmful biological effects 
are initially on the brain at SAR level less than 0.001 W/kg, 
which accordingly increases the molecular stress response 
in cells (25).

Therefore, it is important for people to know the 
SAR values of the cellphones used. This study aimed to 
determine the students’ information on the cellphones 
SAR values awareness in Kermanshah School of Public 
Health. In addition, cellphone radiation and SAR in 10 
g of brain tissue (SAR10 g) were evaluated; the SAR of 
cellphones was compared with the ICNIRP guidelines, 
and their relationship with cellphone brand and number 
of active SIM cards was examined. 

Materials and Methods
Measuring the electric field 
This descriptive-analytical study was conducted in May-
June 2021 at Kermanshah University of Medical Sciences 
in Iran. A total of 204 students were randomly selected 
according to Morgan table. A questionnaire including 
awareness, attitude and demographic and performance 
information was designed, and Cronbach’s alpha was used 
to determine its reliability (95%) (Supplementary file). 
In addition, power density (mW/m2) of cellphones were 
measured using the TM-196-AXIS RF Field Strength 
Meter (Tenmars Electronics Co., Ltd, Taiwan). All 
experiments were performed on the X, Y, Z axes, and to 
reduce interference from other sources of electromagnetic 
radiation, all experiments were performed in a 60 × 60 × 60 
cm plexiglass box with 2 mm thickness and aluminum 
cladding, which is cases with 0.2 mm thickness. A plastic 
base was used to hold the cell phones. In each experiment, 
a cellphone was placed close to the sensor on a stand at an 
angle of 120 degrees in the box. The maximum and mean 
electric field and power density were measured for 60 
seconds. To consider the effect of base radiation changes 
due to weather conditions or intensity of antennas, 
the base radiation measured and subtracted from the 
measured phone radiation.

Calculating the specific absorption rate
The SAR is defined as the loss of natural energy in the face 
of dense materials (10). Using the obtained power density 
values, SAR values at 900 and 1800 MHz were calculated 
using the following equation (25):
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SAR = ( )E 2
m

σ
ρ

 = PA/  mρ

Where, SAR is the specific absorption rate of the electric 
field (W/kg), σ  is the conductivity coefficient of human 
brain tissue, which was 0.7665 Ω/m and 1.1531 Ω/m at 
900 and 1800 MHz, respectively, |E|2 is magnitude of the 
electric field vector, and Ρ is mass density of human brain 
tissue at 900 and 1800 MHz equal to 1030 kg/m3.

Statistical analysis
The results were statistically analyzed using SPSS 
version16.0 and Excel 2016. First, the normality of data 
was checked, the Kolmogorov-Smirnov test was used for 
statistical analysis at frequencies of 900 and 1800 MHz. 
Due to the non-normality of SAR for all brands in the two 

mentioned frequencies, the differences between brands 
were assessed by the Kruskal-Wallis test. The SAR was 
compared with guidelines and standards at frequencies of 
900 and 1800 MHz. In statistical tests, P < 0.05 was chosen 
at the significance level of α = 5% and the corresponding 
graphs were plotted.

Results
In this study, 204 cases were surveyed. Accordingly, after 
completing the questionnaire, demographic information, 
self-reported items including health effects, safety 
considerations, awareness, and attitude were assessed. 
As shown in Table 1, 75% of the participants were female 
and 25% were male. The frequency of brands among the 
examined phones was shown in Figure 1. As shown in this 

Table 1. Relationship of demographic information with awareness and attitude

Variable
Frequency Awareness

Level
Attitude

Level
Number Percent Mean ± SD P value Mean ± SD P value

Gender
Female 158 75 6.91 ± 1.50

0.754
Good 29.33 ± 18.4

0.03
Good

Male 55 25 6.83 ± 1.70 Good 16.26 ± 4.27 Good

Having body exercise
Yes 97 4.335 7.07 ± 1.52

0.102
Good 17.20 ± 4.24

0.08
Good

No 117 5.674 6.73 ± 1.56 Good 25.48 ± 18.4 Good

Kind of workout
Regular 28 2.926 7.22 ± 1.69

0.463
Good 16.39 ± 4.42 0.20 Good

Non-regular 76 7.083 6.97 ± 1.47 Good 17.58 ± 4.09 Good

Workout duration (h)

 < 0.5 58 5.316 7.09 ± 1.47

0.104

Good 17.96 ± 4.18

0.07

Good

1-2 40 3.838 7.03 ± 1.54 Good 17.60 ± 4.06 Good

2 -4 3 2.91 4.91 ± 1.37 Moderate 13.50 ± 3.50 Moderate

 > 4 2 1.94 7.50 ± 0.35 Very good 13.37 ± 2.29 Moderate

Brands

iPhone 10 4.67 7.00 ± 2.38

0.716

Good 16.77 ± 4.86

0.06

Good

Sony 41 1.169 7.01 ± 1.43 Good 17.77 ± 4.49 Good

Huawei 21 9.81 6.83 ± 1.63 Good 16.85 ± 3.62 Good

Nokia 37 1.297 6.97 ± 1.49 Good 19.38 ± 5.26 Good

HTC 8 3.74 6.03 ± 1.27 Good 5.26 ± 1.067 Good

Samsung 74 3.584 6.73 ± 1.61 Good 17.09 ± 3.84 Good

Huawei and Nokia 3 1.40 7.50 ± 0.66 Very good 13.66 ± 4.16 Moderate

Nokia and Samsung 4 1.87 7.37 ± 1.26 Good 18.37 ± 3.70 Good

Sony and Nokia 4 1.87 6.45 ± 0.41 Good 18.40 ± 2.70 Good

Sony and Samsung 2 0.93 7.87 ± 1.59 Very good 17.75 ± 3.88 Good

Others 10 4.67 7.50 ± 1.53 Very good 21.27 ± 3.81 Good

Cellphone usage (h)

 < 4 100 4.736 6.80 ± 1.62

0.458

Good 18.09 ± 4.77

0.69

Good

4-8 75 3.515 6.90 ± 1.57 Good 17.30 ± 3.91 Good

8 -12 20 9.35 7.40 ± 1.24 Good 18.03 ± 4.08 Good

 > 12 18 8.41 6.76 ± 1.31 Good 17.75 ± 4.60 Good

Number of active SIM 
cards

1 146 6.228 6.77 ± 1.66

0.274

Good 4.68 ± 17.84

0.85

Good

2 63 2.449 7.14 ± 1.30 Good 17.55 ± 3.76 Good

3 55 2.34 7.10 ± 0.84 Good 18.50 ± 3.56 Good

Sent and received 
messages

 < 5 66 3.281 6.60 ± 1.63

0.331

Good 4.81 ± 7.824

0.581

Good

5-10 47 2.272 7.07 ± 1.68 Good 4.28 ± 17.13 Good

10-15 19 9.00 6.89 ± 1.68 Good 4.62 ± 17.09 Good

 > 15 79 3.447 7.01 ± 1.35 Good 3.94 ± 18.12 Good
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figure, Samsung (55%) and LG and ASUS each with (1%) 
have the highest and lowest frequency, respectively.

The results observed in Table 1 showed that most 
students had only one active SIM card. Based on the self-
reported data, 46.73% of students had a cellphone usage 
less than 4 hours, 35.51% used cellphones between 4-8 
hours, 9.35% used cellphones between 8-12 hours, and 
8.41% used cellphones higher than 12 hours per day. 
Among the surveyed cases, 76.89% did not use handsfree 
during conversations, and the remaining using handsfree, 
preferred wired handsfree. Most students used third-
generation (3G) cellphones and offline games, and most of 
their online time was spent on social media. According to 
the results, more than 95% of the students did not have any 
information about SAR and most of them had non-regular 
exercises (body workout) less than 30 minutes per day.

In the section of the self-reported items that included 
health effects and safety considerations, there was no 
significant relationship between self-reported information 
(health effects and safety considerations) and students’ 
awareness based on the statistical tests (P > 0.05). This 
means that students did not have enough information 
about the safety of cellphone use, which could be due to 
the lack of regular training programs and lack of interest 
in spending time on finding information about the effects 
of cellphone overuse (Table 1).

According to Table 1, the obtained scores of students 
showed a good general level of awareness and attitude. 
According to the results, subjects’ awareness of the proper 
use of cellphones was at a good level. To investigate 
the relationship between variables, the questions were 
classified into demographics, and awareness, attitude and 
self-reported (practice) sections. After determining the 
normality of data, Pearson’s test was used to investigate 
the relationship between normal parameters and 
Spearman’s test was used to investigate the relationship 
between non-normal parameters. The Pearson’s test 
showed a significant relationship between awareness 
and attitude (P < 0.001) and the Spearman’s test showed 
no significant relationship between health and safety 
(practice) (P = 0.547). 

Also, based on the Kolmogorov-Smirnov and Kruskal-

Wallis tests, there were significant differences between 
male and female students’ attitudes and demographic 
information including talk time, using handsfree during 
calls, cellphone’s generation and students using and not 
using game apps (P < 0.001). According to the statistical 
tests, students with higher talk time, sent messages and 
Internet usage, and those using wireless handsfree, had 
the most reported symptoms of a headache, tinnitus, eye 
burning and eyestrain, sleep disturbances, and skin color 
changes (P < 0.001). Also, the type of game apps (online/
offline) was significantly correlated with possible health 
effects (P = 0.03) (Table 2).

The next step was to measure the SAR of cell phones. 
Figure 2 shows the frequency of different cellphone 
brands that had an SAR value lower than the specified 
guideline values (2 W/kg). 

According to Figure 2, SAR values were lower than 
guideline values at frequency of 900 MHz in 97.4% of 
Samsung cellphones and 100% of other brands; and 
at 1800 MHz, in 100% of cellphones of Sony, iPhone, 
ASUS, and LG brands; and in 97.3%, 98.1%, 85.7%, and 
87.5% of the Samsung, Huawei, Nokia, and HTC brands, 
respectively.   summarizes the median, mean, standard 
deviation, and SAR values of cellphone brands examined 
at two frequencies of 900 and 1800 MHz. 

According to Table 3, the highest mean SAR values 
were seen in Nokia (0.29 ± 0.64 and 0.87 ± 2.04 at 900 and 
1800 MHz, respectively) and Samsung brands (0.27 ± 1.48 
and 0.87 ± 6.29 at 900 and 1800 MHz, respectively); 
and the lowest SAR values were seen in ASUS brand 
(0.0002 ± 0.0002 and 0.1 ± 0.13 at 900 and 1800 MHz, 
respectively). Since scattering of data resulted in relatively 
large standard deviations for some brands, median is a 
more appropriate index to compare brands in terms of 
SAR. Therefore, the lowest median value was reported in 
ASUS at 900 MHz and the highest one was reported in LG, 
HTC, and Nokia brands at 1800 MHz, the median values 
for all brands are lower than the guideline values. As shown 
in this table, for iPhone at frequencies of 900 and 1800 
MHz, the median and mean SAR values were reported 
0.0995 and 0.1985, respectively. Also, for Samsung, the 
median SAR values at frequencies of 900 and 1800 MHz 
were 0.05 and 0.07, respectively. According to the reports 
in 2021, iPhone had an average radiation SAR of 1.166 
W/kg whereas the Samsung devices had an average of 
0.517 W/kg. In order to compare SAR values among 
brands, the normality of SAR values at 900 and 1800 MHz 
was first determined using the Kolmogorov-Smirnov 
test. Due to the non-normality of SAR for all brands in 
the two mentioned frequencies (P > 0.05), differences 
between brands were assessed by the Kruskal-Wallis test. 
According to the results, no significant difference was 
observed between measured brands (P > 0.05). However, 
there was a significant difference between Huawei and 
iPhone in terms of SAR (P < 0.05). In order to examine the 

Figure 1. Frequency (%) of brands examined
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relationship between measured levels of power density 
and number of active SIM cards, normality of power 
density was examined by the Kolmogorov-Smirnov test. 
Due to non-normality of power density (P > 0.05), and 
also, as the number of active SIM cards consists of two 
groups (1 or 2 SIM cards), Mann-Whitney U test was 
used to examine the significant relationship between the 
power density level and the number of active SIM cards. 

According to the test results, there was no significant 
relationship between mean power density levels and the 
number of active SIM cards (P > 0.05).

Discussion
In a previous study, Fakhri and Majlessi conducted at 2, 
25, and 50 cm distances in the three Ringing, Vibrating, 
and Silent modes of three brands of Samsung, Nokia, and 

Table 2. Relationship of demographic information with awareness and attitude

Variable
Frequency Awareness

Level
Attitude

Level
Number Percent Mean ± SD P value Mean ± SD P value

Talk time (min)

 < 5 80 37.91 7.10 ± 1.51

0.387

Good 18.92 ± 4.62

0.018

Good

5-10 78 36.97 6.72 ± 1.56 Good 16.85 ± 4.23 Good

10 -40 35 16.59 6.92 ± 1.48 Good 17.13 ± 3.91 Good

 > 40 18 8.53 6.61 ± 1.59 Good 17.43 ± 3.45 Good

Handsfree
Yes 49 23.11 7.06 ± 1.67

0.340
Good 16.33 ± 4.31

0.011
Good

No 163 76.89 6.82 ± 1.52 Good 18.13 ± 4.29 Good

Wired handsfree
Yes 130 62.20 6.92 ± 1.58

0.712
Good 17.33 ± 4.10

0.075
Good

No 79 37.80 6.75 ± 1.53 Good 18.43 ± 4.67 Good

Wireless handsfree
Yes 18 8.45 6.84 ± 1.68

0.944
Good 16.76 ± 4.34

0.304
Good

No 189 88.73 6.87 ± 1.55 Good 17.83 ± 4.36 Good

Generation cellphones

2G 44 21.89 6.97 ± 1.33

0.652

Good 19.80 ± 4.66

0.001

Good

3G 136 67.66 6.78 ± 1.63 Good 16.83 ± 4.00 Good

4G 21 10.45 7.04 ± 1.55 Good 17.59 ± 4.17 Good

Duration of Internet 
usage (h)

 < 1 66 32.35 6.46 ± 1.58

0.08

Good 17.20 ± 4.64

0.394

Good

1-3 58 28.43 7.36 ± 1.47 Good 17.75 ± 4.50 Good

3-6 44 21.57 6.61 ± 1.52 Good 17.21 ± 3.48 Good

 > 6 36 17.65 7.01 ± 1.46 Good 18.62 ± 4.39 Good

Playing games
Yes 70 32.86 6.73 ± 1.65

0.303
Good 16.26 ± 4.19

0.001
Good

No 143 67.14 6.97 ± 1.50 Good 18.50 ± 4.32 Good

Duration of playing 
games (h)

 < 2 61 80.26 6.56 ± 1.64

0.411

Good 16.64 ± 4.24

0.960

Good

2-5 11 14.47 7.27 ± 1.80 Good 16.45 4.95 Good

5-10 2 2.63 7.12 ± 0.88 Good 15.00 ± 0.00 Moderate

 < 10 2 2.63 7.78 ± 0.17 Very good 16.37 ± 2.29 Good

Kind of Games

Online 12 16.67 7.18 ± 1.70

0.208

Good 16.47 ± 4.08

0.898

Good

Offline 43 59.72 6.43 ± 1.60 Good 16.58 ± 4.34 Good

Online and offline 17 23.61 7.13 ± 1.80 Good 16.01 ± 4.18 Good

Mostly use of cellphone

Call 36 16.90 6.61 ± 1.61

0.678

Good 17.02 ± 4.94

0.728

Good

Sent messages 54 25.35 6.98 ± 1.45 Good 17.99 ± 4.70 Good

Internet use 119 55.87 6.95 ± 1.56 Good 17.92 ± 4.13 Good

Games 4 1.88 6.93 ± 1.24 Good 17.87 ± 3.60 Good

Do you know what SAR 
is?

Yes 25 11.74 7.45 ± 1.55

0.057

Good 17.68 ± 4.61

0.915

Good

No 188 88.26 6.81 ± 1.54 Good 17.78 ± 4.38 Good

Information about cell 
phonesʼ SAR values

Yes 9 4.23 7.08 ± 1.67 Good 17.10 ± 4.04 Good

No 204 95.77 6.88 ± 1.55 0.709 Good 17.79 ± 4.09 0.690 Good

In permitted SAR limit
Yes 7 3.29 7.71 ± 1.27

0.156
Very good 15.39 ± 4.14

0.147
Good

No 206 96.71 6.86 ± 1.56 Good 17.84 4.39 Good

Check SAR when buying 
your cellphone

Yes 3 1.41 8 ± 1.8
0.216

Very good 15.16 ± 2.92
0.304

Good

No 210 98.59 6.87 ± 1.55 Good 17.80 ± 4.41 Good
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Sony, SAR values order was as Samsung < Sony < Nokia. 
In their study, SAR range in 8 Samsung models was 3.6E-
04 - 4.0E-05 and 5.5E-0.4 - 4.0E-05 at frequencies of 900 
and 1800 MHz, respectively; in 9 Nokia models, it was 
2.6E-03 - 4.0E-05 and 3.9E-0.3 - 7.0E-0.5 at frequencies 
of 900 and 1800 MHz, respectively; and in 4 Sony 
models, it was 1.6E-03 - 4.0E-05 and 2.4E-03 - 7.0E-05 
at frequencies of 900 and 1800 MHz, respectively. Based 
on these results, the SAR values were lower than those of 
the present study (10). In another study conducted on 
8 models of Samsung and 5 models of Nokia and Sony 
smartphones, the mean SAR in Samsung and Nokia at 5 
mm distance and in the alarms mode was 0.0024 ± 0.0005 
W/kg and 0.0041 ± 0.0013 W/kg at frequency of 900 
MHz, respectively; and 0.001 ± 0.004 and 0.0062 ± 0.002 
at frequency of 1800 MHz, respectively. In addition, SAR 
values for Nokia were significantly higher than those 
for Samsung. The reported SAR values for these two 
brands were significantly lower than those reported in 
the present study (P > 0.05) (7). Such differences might be 
due to the measurement of the radiation during calls and 
the difference in the models studied, as well as antenna 
coverage. Martínez-Búrdalo et al demonstrated that SAR 
values of cellphones in 10 g of brain tissue at 2.2 cm from 

measuring device at frequencies of 900 and 1800 MHz in 
all three human head models was lower than the European 
guidelines (2 W/kg). For instance, the adult people scale 
was reported as 1.44 and 1.45 W/kg at frequencies of 900 
and 1800 MHz, respectively (SAR 10 g). These values are 
generally lower than those of the present study, which 
can be due to the difference in measurement distance 
(26). However, according to the literature and Nokia and 
Samsung manufacturers, the mean SAR values in 116 
models of Nokia cellphones were 0.75 ± 0.27 and in 96 
models of Samsung cellphones were 0.65 ± 0.273, which 
are close to those reported in the present study (7).

According to the data obtained from this study, power 
density values, and subsequently, SAR values exceeded the 
guideline values only in a few cases, which could be due to 
factors such as cellphone models, poor antenna coverage, 
and etc. Also, comparing measurements in morning with 
evening showed that measurements in the evening hours 
gave significantly larger values than other times. This was 
approved by Dhami (25), in addition, in cloudy weather, 
power density measurements gave larger values. 

Conclusion
SAR values were higher in all brands at frequency of 1800 
MHz than at 900 MHz. Among the examined brands, 
Samsung and Nokia showed the highest mean SAR values, 
although this difference was not significant (P > 0.05). At 
both frequencies, cases with SAR values greater than the 
ICNIRP guidelines were found. According to the statistical 
tests, students with higher talk time, sent messages and 
Internet usage, and those using wireless handsfree, had 
the most reported symptoms of a headache, tinnitus, eye 
burning and eyestrain, sleep disturbances and skin color 
changes (P < 0.001). Also, the type of game apps (online/
offline) was significantly correlated with possible health 
effects (P = 0.03). The questionnaire revealed that most 
people had poor information in all three areas, therefore, 
considering the results of this study and the potential 
dangers of cellphone use, more attention should be paid 

Figure 2. Frequency of cellphones with an SAR value below the guideline values in different brands

Table 3. Medium, Mean, Standard deviation, and SAR (W/kg) for different 
brands

Brands
Median Mean Standard Deviation

900 
MHz

1800 
MHz

900 
MHz

1800 
MHz 900 MHz 1800 MHz

Samsung 0.05 0.07 0.27 0.87 1.48 6.29

Huawei 0.007 0.009 0.08 0.14 0.25 0.48

Sony 0.04 0.08 0.05 0.09 0.045 0.09

Nokia 0.1 0.2 0.29 0.87 0.64 2.04

iPhone 0.0995 0.1985 0.0995 0.1985 0 0

HTC 0.1 0.2 0.15 0.8 0.26 1.93

ASUS 0.0002 0.1 0.0002 0.1 0.0002 0.13

LG 0.1 0.2 0.066 0.13 0.06 0.11
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to the impact of cellphone use on human health.
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