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Abstract
Background: Male infertility represents almost half of all infertility cases
worldwide. High social activities have made some men use earphones or
hands-free devices to stay in touch while on the move; hence, often giving
radiation exposure to male reproductive organs when their mobile phone is
kept in trousers’ pocket or on the belt. Because testis is an organ that is
susceptible to radiation, the effect of radiation on testis is worth investigating.
Objective: This study aimed to determine the direct effect of radiation
exposure on the motility quality and viability of human sperm. Material and
method: Thirty two healthy men came to donate their sperm. Each sample
was prepared by swim-up method. The sperm samples obtained were multiplied by means of dividing each sample into two parts and each part was
assigned into the treatment group (exposed to mobile phone radiation) and
control group. The sperm sample then underwent a procedure to assess its
mobility and viability, which was performed every 30 minutes for 3 hours.
Results: A total of 64 washed samples were included in this study. The
duration of exposure of mobile phones to sperm at 30, 60, 90, 120, 150, and
180 minute did not show significant differences in motility or viability of the
sperm compared to those of the control group. Conclusion: This study concludes that the exposure to mobile phone radiation to sperm that has been
washed for 3 hours does not lead to a negative effect on motility and viability
when compared to the control group.
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1. Introduction
In today’s modern era, it is common to see men, especially those who are socially
active, use mobile phones in almost every activity and continuously in years. The
use of mobile phone has been increasing globally with time. However, exposure
to radiation generated by mobile phones may form oxidative stress that influences the human body [1]. Cell phones emit electromagnetic radiation
(EMR), a low radiofrequency (RF) signal with a frequency between 800 and 2200
MHz [2].
Several studies have concluded that radiation at low frequencies, one of which
is caused by a cell phone, is rarely dangerous [3]. On the other hand, there are
also studies stating that RF signals resulting from the use of mobile phones (800
- 2000 MHz) adversely affect the expression of genes and proteins [4] [5].
Specific absorption rate (SAR) is a rate that measures the level of energy absorbed
by the human body after an exposure to radiofrequency waves-electromagnetic
field (RF-EMF). Specific absorption rate represents the absorption of energy per
unit mass of tissue, which is measured in terms of watt per kilogram (W/kg).
Specific absorption rate level of mobile phones varies from 0.12 to 1.6 w/kg body
weight depending on the model. Specific absorption rate level is different when a
mobile phone is used in talking, listening, and standby modes (talking >
listening > standby) [6]. Moreover, in today’s world, the contribution of RFEMF in talking and standby mode increases every year along with the development of mobile phone technology that is “getting smart” in the form of an
auto-update feature. This technology has exposed mobile phone users to almost
constant radiation even if they do not use the phone all the time. Some evidence
on the potential danger has been reported, which is presented as warm feeling
up to a burning sensation around the ear [7], headache, decreased immune
system [8], and others. Testis is one of the organs in the human body that is
sensitive to radiation, even at low doses, in which the radiation may disturb
spermatogenesis [9].
Disturbance of spermatogenesis may cause infertility in men. Infertility
generally occurs in 15% of couples in reproductive age, and nearly half of them
are caused by male infertility factor [10]. In general, male infertility is caused by
the lack of semen, poor sperm quality, or both. In addition to internal causes
from such as genetic abnormalities and congenital abnormalities, there are also
external causes of male infertility. The external factors relate to lifestyle, pollution, chemicals from food or drugs, lack of nutrients in the body, stress, or
working in a sitting position for a long time [11].
One of the causes discussed in this study is lifestyle. In the study of Kilgallon

et al. it is revealed that men who keep their mobile phone near the testicles can
experience reduced sperm quality [12]. Another study conducted on 371 healthy
men presents two factors as the causes of decreased sperm quality. The first is
the use of mobile phone that exposes the head with the mobile phone signal
transmission. This may lead to infertility due to the fact that electromagnetic
radiation from the mobile phone will affect the testes by changing the level of
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hormones produced by the glands located in the head. The second cause is that
the electromagnetic radiation from mobile phones can directly cause DNA
damage in the male genital tract cells [13]. Men are susceptible to decreased
sperm quality due to mobile phone use because men often put their cell phone in
their trousers’ pocket when they do their daily activities.
In addition to the above studies, there are also studies that present no
significant results regarding the effect of mobile phone radiation on sperm
quality. Differences in the type of mobile phones, transmission mode in
radiation exposure (talking or standby mode) and also the distance between the
sperm and the phone can give ambiguous results in these studies [14].
The purpose of this study was to assess the effect of mobile phone radiation
on human sperm quality. In this study, sperm exposed to radiation from mobile
phones in talking mode (mobile phone turned on during phone calls) was
compared to sperm without radiation exposure. This study referred to the habit
of men who tend to put the mobile phone in the trousers’ pocket or belt and also
the habit of using communication accesories (handsfree device), both wire and
wireless, while still put the mobile phone in the trousers’ pocket or belt.

2. Methods
A total of 32 healthy sperm donors came to the Aster fertility clinic of Dr. Hasan
Sadikin General Hospital, Bandung as volunteers for this study during May
2017. The semen samples used were selected based on the inclusion criteria, all
participants were informed and had signed an informed consent for their
participation in the study. The inclusion criteria were all normozoospermia
samples obtained by masturbation on the same day as the study, participants
already informed to reduce exposure to mobile phone radiation in the pelvic
area before sampling, and have been abstinence for 3 - 5 days before sampling
[15]. The exclusion criteria were azoospermia and oligozoospermia semen
samples, unhealthy donors, and recent sexual intercourse. All sperm donors
were pre-selected to meet the inclusion and exclusion criteria in this study. This
study was approved by the hospital ethics committee.
Semen samples were obtained through masturbation. Thirty two sperm
samples were collected and were doubled by means of dividing each sperm samples into two to be assigned in the treatment group (n = 32) and control group
(n = 32). The variables examined in both groups were motility and viability. The
minimal sample needed is 15 with 80% power test.
Sperm preparation method applied was the swim-up method by using a 5 cc
syringe filled with 1 cc of VITECH and 1 cc of sperm, thus layers were performed (medium at the upper layer and sperm at the bottom layer). This was
then incubated at room temperature for 1 hour, while tilted 45˚. After an hour,
the needle on the syringe was removed and the sperm in the lower part was
discarded which left 0.5 cc of top layer. This amount was the sperm yield, which
was then immediately examined for its motility as motility in minute 0. Group A
which consisted of prepared sperm sampled was placed around an active mobile
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phone in speaking mode (n = 32) with a distance of ± 10 cm. Group B which
consisted of prepared sperm sample did not receive any treatment with no active
active mobile phone around. All groups were checked for motility and viability
every 30 minutes. This checks were performed up to 6 times (3 hours). This
study only monitored the exposure within 3 hours with the assumption that the
maximum use of mobile phone per usage is 3 hours among men.
The results were processed using a table form by calculating the change of
motility and viability every 30 minutes. Data were analyzed using Microsoft

Excel and SPSS. The p value < 0.05 was considered statistically significant.
Sperm motility analyzed using WHO simple method, to see the progresive,
non progresive, and nonmotile sperm. Viability was analyzed using Trypan blue
exclusion test. Trypan blue 0.4% stains dead cells blue but does not permeate the
membrane of living cells, which remain unstained.

3. Results
Thirty two sperm samples were collected in this study, which were then doubled
by dividing each sample into two and assigned one sample in the treatment
group (n = 32) and the other in the no treatment group (n = 32). The characteristics of sperm donor participants based on their habitual risk factors that
may affect sperm such as age, body mass index, caffeine consumption, smoking
habits, wearing tight clothing habits, and remaining sauna users were listed in
Table 1.
In Table 2 the comparison of sperm motility quality between treatment and
control group was discussed. This comparison between the two groups was
perfromed every 30 minutes from minute 0 to minute 180. Every 30 minutes, a
significance test of motility quality between treatment and control group was
performed. Analysis was conducted using Mann Whitney Test with Bonferroni
Correction, showing an overall P > 0.05. This means that, statistically, there was
no correlation in the motility quality of sperm in minute 0, 30, 60, 90, 120, 150,
and 180 between the sperm in the treatment and control groups.
In Table 3, data on of sperm viability comparison between treatment and
control groups were presented. With Bonferroni post hoc analysis and general
linear model test, it was revealed that p = 0.959, meaning that there was no
Table 1. Patients’ Characteristics based on Risk Factors to Sperm.
Characteristics

Results

Age

28 (19 - 35)

Body mass index (kg/m )

24 (21 - 28)

Caffeine consumption

10 (31.25%)

Active smoker (n)

3 (9.37%)

Habit of wearing tight clothes
(n)

4 (12.50%)

Sauna user (n)

1 (3.12%)

2
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Table 2. Comparison of Sperm Motility Quality between Treatment and Control Group.
Treatment
Motility

Median
(min-max)

Control
Mean rank

Median
(min-max)

Mean rank

P value

Minute 0 (%)

80 (70 - 92)

31.89

81 (69 - 92)

33.11

1.000

Minute 30 (%)

73.5 (43 - 86)

32.27

72 (55 - 90)

32.73

1.000

Minute 60 (%)

70 (47 - 86)

29.91

72.5 (58 - 96)

35.09

0.884

Minute 90 (%)

70 (47 - 86)

29.91

72.5 (58 - 96)

35.09

0.884

Minute 120 (%)

60 (24 - 79)

29.58

62.5 (50 - 76)

35.42

0.805

Minute 150 (%)

61 (46 - 75)

32.19

56.5 (47 - 84)

32.81

1.000

Minute 180 (%)

66 (44- 75)

32.05

64 (49 - 79)

32.95

1.000

Table 3. Differences in Sperm Viability Quality between Treatment and Control Groups.
Viability

Treatment (n = 32)
Mean ± SD

Control (n = 32)
Mean ± SD

Mean Difference (CI 95%)

P value

Minute 0 (%)

81.50 ± 3.04

82.28 ± 2.37

−0.781 (−2.14 - 0.58)

0.256

Minute 30 (%)

80.56 ± 2.85

81.25 ± 1.97

−0.688 (−1.91 - 0.54)

0.266

Minute 60 (%)

79.91 ± 3.03

80.34 ± 1.72

−0.438 (−1.67 - 0.79)

0.480

Minute 90 (%)

78.69 ± 3.12

79.28 ± 1.76

−0.594 (−1.86 - 0.67)

0.352

Minute 120 (%)

78.00 ± 3.06

78.44 ± 1.98

−0.438 (−1.73 - 0.85)

0.500

Minute 150 (%)

77.19 ± 3.24

77.47 ± 2.60

−0.281 (−1.75 - 1.19)

0.703

Minute 180 (%)

76.06 ± 3.04

76.41 ± 3.14

−0.344 (−1.89 - 1.20)

0.658

significant statistical different in the viability quality in minute 0, 30, 60, 90, 120,
150, and 180 between the treatment and control groups.
Figure 1 also shows the observation of sperm viability quality every 30
minutes for 3 hours by investigating whether there was a difference between the
sperm viability quality with radiation exposure for 3 hours and the viability
quality of untreated sperm. As mentioned above, there was no significant
difference found for each 30 minutes observation for 3 hours that it was
concluded that phone radiation for 3 hours did not affect the viability quality of
sperm. Some previous studies also support the findings of this study.

4. Discussion
This study shows that even though the treatment group received radiation from
a mobile phone in talking mode (during phone calls), there is no difference is
found in the motility quality of sperm when compared to the control group. A
different results have been stated by several previous studies which retrospectively found disturbing effect of mobile phone radiation on the spermatozoa
motility characteristics. A retrospective study on 304 men has presented a
significant reduction in the percentage of sperm with progressive motility in the
group that received mobile phone treatment. In that study, almost 65.7%
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Figure 1. Time chart of radiation measurement against sperm viability
quality.

of patients who did not use mobile phone has a normal motility compared to
only 17% among patients who frequently use mobile phone [16]. Furthermore,
another retrospective study also stated that the duration of mobile phone use
and daily transmission also create negative effect on motility [13]. This study
proves that there is no effect found on the sperm motility quality when the
sperm group was treated with 3 hours of radiation.
In the present study, the sperm was exposed with mobile phone radiation for
3 hours. This duration of exposure was selected because this study aimed to
assess the effect of mobile phone radiation on human sperm quality in daily use
of mobile phone, which assumes that the normal daily use of mobile phone is
not more than 3 hours per use.
Other studies also discuss the length of exposure to mobile phone radiation
per day. Davoudi et al. found a reduction in the rapid progressive motility
proporsion from 32.3% to 26.1% after using mobile phone for 6 hours a day for1
month [17]. The use of mobile phone of 4 or more hours a day has produced a
significant reduction in motility, viability, and morphology of the sperm [1].
An animal study by Dasdag et al. on rats that were exposed to mobile phone
for 20 minutes a day for 1 month with a distance of 0.5 cm has produced
insignificant result and that there is no proof of the side effects on the histology
of testes, immune re-activation of p53, number of sperm, morphology of sperm,
malondialdehyde concentration, and diameter of testical seminifrous tubule
[18].
Hamada et al. stated that there is no conclusion that can be drawn regarding
the mobile phone RF-EMW radiation effect on human body and male reproductive tract as long as there is no study protocol that takes into account an
adequate control group and limiting external variations [14]. The effect of
exposure duration has been found in a study by Salama et al. that used adult
rabbit subjects that were exposed to the mobile phone for 8 hours a day for 12
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weeks. In that study, the sperm motility is at the same level as control up to week
10 which was followed by a significant reduction in the group that was exposed
to radiation compared to the control group [19].
Several studies that show a negative effect of radiation on sperm viability
present the negative effect on the sperm motility. A study performed by Wang et

al. [20], concludes a viability reduction along with sperm motility reduction
when exposed to radiation. The same is true in a metaanalysis study performed
by Adams et al. [21] on 5 studies which shows a reduction of viability of sperm
exposed by radiation that is accompanied with sperm motility reduction [2] [22]
[23].
Ambiguity still persists in studies regarding mobile phone with controversial
findings. As already stated, there are a lot of studies that have shown a negative
correlation between mobile pone and human body, especially male reproductive
organs. However, there are also still studies that conclude the effect of RF-EMW
as negligible and that there is no correlation between mobile phone and semen
parameters [14]. A study performed on male population in Brazil in 2011 have
categorized the subjects according their mobile phone use. Of 571 subjects, there
were subjects who did not use mobile phone (n = 24) while others used mobile
phone with a daily use of under 120 minutes (n = 266), 120 - 240 minutes (n =
88), and more than 240 minutes (n = 120). The results show that the motility,
viability, normal morphology, and number of sperm are not significantly
different among the four groups. Through this study, Feijo et al. suggested that
differences in race and other unidentified factors may play a role in creating
different impacts of electromagnetic wave on the sperm parameters in different
male populations [24].
For future study, it may be necessary to include questions on the demographic
background of the participants, such as age, where they live, number of children,
occupation, race, and educational status. Questions on medical history and
treatment related to fertility (such as varicocele and orchitis), lifestyle (smoking
and alcohol consumption) also need to be included. Further question on the
mobile phone use every day, such as the number of mobile phones owned and
duration of call in a day is also needed. The length of use migh be categorized
into several groups (30, 60, 90 minutes). Considerations on the use of mobile
phone accessories such as handsfree devices or earphones, length of owning the
mobile phone, talking while charging, type of mobile phone, and frequency use
should be also included.
The limitations of this type of study are the lack of standardized testing
protocol, no testing for certain stage of sperm cell development to understand
the maturity of cells, and lack of standardized method to prepare and exposed
sperm. In terms of the mobile phone itself, the various differences in frequency
of radio wave, SAR level of each mobile phone, duration of exposure to sperm
cells, type of phone used, transmission mode during operation, and distance
between the cells and phone are found. These variations contribute to the
ambiguity in the results of studies on the correlation between mobile phone and
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sperm quality [14]. The resistance of sperm against radiation is different for
every man with DNA repair system and antioxidant capacity determine the
resistance mechanism against EMW radiation.
The Specific Absorption Rate varies in these studies, including the frequency,
intensity, polarization, and configuration of radiation source, and body. The
results of studies peformed on test animals also need to be interpreted with care
due to the differences in the anatomical characteristics, body size, and reproductive organ (such as whether the scrotum is hanging or not). The negative
effect of mobile phone radiation on the motility and viability in in vitro studies
and its effect to test animals often lead to negative effect in sperm parameters in
human study. The communication signal in standby mode does not affect semen
parameters significantly. On the contrary, the more frequent use of mobile
phone in daily life may disturb the characteristics of spermatozoa motility.

5. Conclusion
In this study, no significant negative effect of mobile phone radiation on the
motility and viability quality of spem is found. There is a need for further study
using a control group that is purely free from mobile phone radiation exposure
and bigger sample size to gain clearer information for the male mobile phone
users who want to keep up with the current technology advances.
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