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Abstract

Background: As a part of modern life, using electromagnetic field exposure
has increased. EMFs might produce a variety of adverse effects on different
parts of human body including the reproductive system. The consequences of
exposure to the emitted EMFs from a hair dryer on sperm parameters were
the major concerns of the present study. Materials and Methods: Fifty four
adult Male Sprague-Dawley rats were randomly assigned to 9 groups. Sam-
ples from all experimental groups received exposure with two different mod-
es: switch on (hot wind) and switch off (cold wind). Samples of group 1 (con-
trol) maintained under experimental conditions without any exposure. The
exposure protocol for samples in groups 2 to 9 were 10 cm at 10 min—on, 10
cm at 10 min—off, 10 cm at 20 min—on, 10 cm at 20 min—off, 20 cm at 10
min—on, 20 cm at 10 min—off, 20 cm at 20 min—on, 20 cm at 20 min—off.
After exposure sperm motility was analyzed with a light microscope as a blind
experiment. Nonparametric tests were used to detect statistically significant
differences between different groups. Results: Findings of our study indicated
no significant changes in the frequency of sluggish and non-motile sperms of
rats in the control group compared to all treatment groups and showed statis-
tically significant differences between the relative frequency of progressive
sperms in control group rats compared to all treatment groups except groups
2 and 7. There were no statically significant changes between groups with
different time and distance. Sperm count and morphology were not affected
by microwave emitted from hair dryer. Conclusion: Exposure to the hair
dryer microwaves affects sperm motility, which is amongst the key parame-
ters determining the chance of conceiving.
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1. Introduction

Infertility and its related challenges are considered unavoidable problems in a
couple’s life. The most common reason of male infertility is inability to produce
sufficient normal active sperm [1]. Male infertility during the past several dec-
ades is as a result of direct or indirect exposure to certain environmental factors
such as radio-frequency electromagnetic waves (RF-EMW) [2] [3] [4] [5]. There
are electromagnetic field exposures everywhere, at home or workplaces as a re-
sult of different types of common electrical equipment such as refrigerators,
washing machines and kettles [6] [7]. Even the building wiring as an invisible
environmental pollutant factor is harmful to animals and human health [8].
Ambient electromagnetic fields produced by various electrical devices and from
power transmission lines expose human beings undoubtedly [9]. As a part of
modern life, using electromagnetic fields especially the extremely low frequency
electromagnetic fields [ELFEMF] has increased. Both high energy sources like
power lines and microwaves and low energy devices like cell phones can produce
such fields [10].

We can categorize electromagnetic sources into two groups: natural electro-
magnetic sources (atmospheric discharges like thunder, sun, some distant stars
or human body) and unnatural or human made sources (printers, vacuum clean-
ers, cell phones, hair dryers, microwaves) [11] [12], electrical home equipment,
computers, cables that carry electrical currents, Television [13], radio and TV
base stations, mobile phone base stations and phone equipment [14] [15]. A lot
of investigations have carried out to evaluate the effects of electromagnetic fields
on human health, histologically and also physiologically [7] [8] [9] [16] [17] [18]
[19]. A common health issue is the safety of human exposure to various elec-
tromagnetic field sources [20]. Electromagnetic field may cause a variety of ad-
verse in vivo effects such as headaches, chronic fatigue, cataracts, chest pain,
heart disease, stress, forgetfulness, nausea, effects on learning and memory, re-
productive system [13] [21], CNS, endocrine, immune system [22] [23], sleep
disorders, alterations of biological functions in human and animals and also
modifications of electroencephalographic activity [24] [25]. EMFs also can cause
an increase of the risk of life-threatening illnesses such as leukemia [26] [27]
[28], brain cancer [28] [29], breast and lung tumors [22] [23] [30], Lou Gehrig’s
disease [31], increased risk of miscarriage, childhood morbidity, de novo muta-
tions, genotoxicity and neurodegenerative disease, infertility and birth defects
[32] [33] [34], amyotrophic lateral sclerosis, depression [35] [36], birth defects
[37], committing suicide [38], and Alzheimer’s’ disease [39]. Male fertility po-

tential has been decreased by using electronic household equipment and cell phones
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by inducing pathological changes in sperm parameters and testes, morphology,
decreasing sperm count, motility and viability [40]. DNA breaks, protein mis-
folding and cell growth inhibition are the result of increasing free radicals and
[Ca™] as an effect of EMFs. The effect of EMFs exposure on reproductive system
depends on frequency and wave strength and duration of exposure [20]. Sper-
matogenesis, Sertoli and Leydig cells can be badly affected by EMFs [9] [41] [42].
Some studies show the atrophy of the seminiferous tubules of experimental ani-
mals caused by EMFs [17]. Few studies are available on how cell phone waves af-
fect sperm parameters. Wdowiak, ef al [43] showed that cell phone waves in
people who used it, reduced the motility and percentage of sperm with normal
morphology. Besides, these waves decreased motility, viability, and count of sperms
with normal morphology [4] [44].

Human being in developed society will be exposed to EMFs at home and at
work, inevitably, but should be aware of the harmful effects of EMFs. To have
healthy reproductive system people should try to avoid EMF exposure and use
techniques to relieve EMF radiation [20]. The hair dryer is a common used in-
strument at home and barber shops. The consequences of exposure to the emit-
ted EMFs from a hair dryer on sperm parameters were the major concerns of the
present study.

2. Materials and Methods

2.1. Animals

Fifty four adult male Sprague-Dawley rats weighing between 200 and 250 g (11 -
12 weeks old), obtained from an inbred colony were housed in groups of four
per cage and free access to food and water. Animals were kept under stable room
temperature (23°C £ 2°C) and a 12 h light/dark cycle (the light period started at
7 A.M.). All Experimental procedure was conducted in accordance with the eth-
ical guidelines set by the ethical committee of Khatam al-Nabieen University and
Shiraz University of Medical Sciences. All experiments were arranged to be done
from 10 to 12 A.M. to avoid any circadian rhythm induced bias. Rats were care-

fully handled to minimize unwanted stress during the housing and experiments.

2.2. Experimental Design

The rats were randomly assigned to 9 groups of 6 rats in each group. Samples
collected from each group treated according to Table 1. Distances and durations
are according to the way people, specially barbers, normally use hair dryer.

For the collection of samples, the rats were anesthetized with diethyl ether, the
animals were cervical dislocated and the peritoneal cavity was opened through a
lower transverse abdominal incision. Thereafter, the epididymis was immediate-
ly removed in all experimental and control groups. The cauda epididymis was
cut into pieces and placed in a petri dish containing 2 ml medium of Ham’s F-10
and incubated at 37°C (with 5% CO,) for 15 minutes.

Group 1 comprised the control group and samples received from this group
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Table 1. Experimental design.

Group N Distance (cm) Time (min) Switch
1 (control) 6 - 20 -
2 6 10 10 on
3 6 10 10 off
4 6 10 20 on
5 6 10 20 off
6 6 20 10 on
7 6 20 10 off
8 6 20 20 on
9 6 20 20 off

maintained under experimental conditions without any exposure, the other ex-
perimental groups have different duration of exposure with different distance to
the source of exposure (hair dryer). Samples from all experimental groups re-
ceived exposure with two different modes: switch on (hot wind) and switch off
(cold wind).

The exposure protocol for samples in groups 2 to 9 were 10 cm at 10 min—on,
10 cm at 10 min—off, 10 cm at 20 min—on, 10 cm at 20 min—off, 20 cm at 10
min—on, 20 cm at 10 min—off, 20 cm at 20 min—on, 20 cm at 20 min—off.
Samples were placed in a Gumi box in order not to be affected by the tempera-
ture and a thermometer was placed in the box to control the temperature. After
exposure sperm motility was analyzed with a light microscope as a blind expe-
riment.

For evaluation of sperm motility, one drop of sperm suspension was placed on
a microscopic slide and their motility was determined as progressive (rapid and

slow), in situ or sluggish and non-motile levels using 40x objective lens.

2.3. Hair Dryer

A hair dryer (Johnson super 1800 W-Italy) was used in this study as an RF ex-
posure source.

2.4. Data Analysis

Non-parametric Kruskal-Wallis and Mann-Whitney tests were used to detect
significant differences between different groups. All statistical analysis was per-
formed by using SPSS version 21. Differences amongst means were considered

statistically significant if the P < 0.05. The results are expressed as mean + SEM.

3. Results

Table 2 shows short term exposure of samples to microwave emitted from the
hair dryer, indicating no significant changes in the frequency of sluggish and

non-motile sperms of rats in the control group compared to all treatment groups

DOI: 10.4236/jbm.2020.86002

20 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2020.86002

S. Safari et al.

Table 2. Comparison of the sperm motility in different groups.

Groups Non-motile Sluggish Progressive
1 87.55 +2.61 112 +2.24 1.21 £ 0.51*
2 90.41 +2.96 9.08 £2.75 0.48 +£0.32
3 94.35+1.27 542 +1.21 0.18 +0.12%
4 88.58 +2.16 11.06 + 2.09 0.12 = 0.09*
5 92.99 +1.32 6.42 +1.25 0.53 = 0.50*
6 84.46 +2.52 15.19 +2.46 0.29 £ 0.17*
7 89.29 +2.04 10.11 +£1.97 0.37 £0.24
8 9134 +1.14 10.28 +1.98 0.11 + 0.08*
9 87.93 £2.31 11.40 +2.16 0.18 + 0.10*

These data show the difference in sperm motility in different groups. All values were expressed as mean +
SEM. Groups with the same asterisks are significantly different. *P < 0.05, n = 6 per group.

and showed statistically significant differences between the relative frequency of
progressive sperms in control group rats compared to that of group 3; exposed
for 10 min at 10 cm distance, switch off (P = 0.016), group 4; 20 min at 10 cm,
switch on (P = 0.015) and group 5; 20 min at 10 cm, switch off (P = 0.015) and
group 6; 10 min at 20 cm, switch on (P = 0.045) and group 8; 20 min at 20 cm,
switch on (P = 0.015) and group 9; 20 min at 10 cm, switch off (P = 0.038)
(Figure 1). Sperm morphology was not affected by microwave emitted from hair
dryer (Table 3). There were no statically significant differences in sperm count
between different groups (Table 4). No statically significant changes were seen
between groups with different time and distance.

The number of progressive sperms are significantly different in all experi-
mental groups (except group 2 and 7) compared with normal control. The number
of sluggish and non-motile sperms didn’t show any significant differences in all

groups. Data are expressed as mean + SEM. *P < 0.05, n = 6 per group.

4. Discussion

To our knowledge, the current study provides the first available detailed infor-
mation on the effects of distance and duration of exposure to electromagnetic
radiation of hair dryer on rat sperm parameters.

Infertility caused by male factors, as one of the parameters in this study, is a
major concern during the past several decades. Several investigations showed
that direct or indirect exposure to RF-EMW as the main environmental factor
plays a dominant role in decreasing the male fertility [45].

The results of the present study indicate that exposure to microwave radiation
emitted from a hair dryer influences sperm motility that is the main factor of
sperm parameters.

The findings of this study are generally in line with the results obtained in
studies on mobile jammers [46] as well as other different sources of electromag-
netic fields such as mobile phones, as mentioned earlier [4] [40] [45] [47], laptops
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Figure 1. The effects of exposure to electromagnetic radiation of hairdryer on rat sperm
motility.

Table 3. Comparison of the percentage of normal and abnormal sperm morphology in

different groups.
Groups Normal morphology Abnormal morphology
1 99.2£1.19 0.83 £1.19
2 99.1 £0.83 0.91 £0.83
3 97.7 £1.27 227 £1.27
4 98.0 £ 0.74 2.00 £0.74
5 98.9 £ 1.04 1.09 £+ 1.04
6 98.5+1.21 1.55+1.21
7 97.9 £2.17 2.09 £2.17
8 99.3+£1.19 0.73 £1.19
9 97.9 £2.17 2.09 £2.17

Values are expressed as mean * standard errors of the mean (SEM). No statically significant differences
were seen in sperm morphology between different groups. P < 0.05, n = 6 per group.

Table 4. Comparison of the percentage of sperm count in different groups.

Groups Sperm count (x10/ml)
1 25.90 £ 6.22
2 26.72 £4.71
3 32.21 £8.37
4 27.85+£9.45
5 22.45+6.03
6 24.45 £9.35
7 27.01 £1.00
8 27.01 £1.01
9 27.85+9.45

Values are expressed as mean * standard errors of the mean (SEM). No statically significant differences
were seen in sperm count between different groups. P < 0.05, n = 6 per group.
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or wireless internet-connected laptops [33] [48]. Several studies suggest that rats
exposed to 900 or 1800 MHz GSM RF radiation (1 h/day for 28 days) showed a
statistically significant lower proportion of motile sperms [49] or there is a sta-
tistically significant decrease in sperm motility in rabbits exposed to 800 or 900
MHz GSM RF radiation (8 h/day for 12 weeks) in standby mode [50] [51].
Another study also revealed significant decreased motility and viability and in-
creased reactive oxygen species (ROS) in fresh semen samples from 23 healthy
donors and 7 infertile patients after 1 hour exposure to cell phone radiation in
“talk” mode [4].

Also, Khaki et al exposed rats to electromagnetic field for 40 days and re-
ported a significant increase in apoptosis in testis, percentage of testis vein con-
gestion, and a significant decrease in testis weight, serum testosterone. Despite
our findings, the effects were different according to the frequency, duration of
exposure, and strength of EMFs [52].

Erogul et al. also reported a significant decrease in percentage of fast and slow
progressive sperms and increased percentages of immotile and non-progressive
sperms after they exposed fresh human semen to 900 Hz radiofrequency elec-
tromagnetic radiation and evaluated the motility of sperms [40].

In vitro human epidemiologic studies on men exposed to radiofrequency rad-
iation revealed a significant decline in sperm count, motility and increased reac-
tive oxidative stress, as reviewed by La Vignera et al [53]. However, the results
of the current study are not compatible with those reported by Falzone et al who
exposed the density-purified human sperm to 900 MHz cell phone radiation and
didn’t see any significant difference between exposed and control samples re-
garding sperm kinematic parameters [54].

Oxidative stress produced in the testicular organ as a result of EMF exposure
leads to a build-up of free radicals and ROS levels in sperm. Sperms are suscept-
ible to destruction from oxidative stress because of the high concentration of
polyunsaturated fatty acids in their membranes and few stores of antioxidant

enzymes [1].

5. Conclusion

It can also be concluded from the findings of this study that, exposure to micro-
wave radiation emitted from a hair dryer affects sperm parameters such as mo-
tility which are among the key parameters determining the chance of conceiving.
Thus, because of the extensive use of hair dryers, further researches in different
times and distances are required. It is also suggested that individuals who spend
more time using a hair dryer like barbers be monitored periodically in terms of

reproductive system health.
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