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Abstract 

The use of 5 GHz Wi-Fi has spread and potential effects on microorganisms and human health are still under 
investigation. To investigate the possible effects for that, experiments were performed using three different 
microorganisms, Escherichia coli, SH-SY5Y human neuroblastoma cells and Caernohabditis elegans. The maximum 
allowed temperature for the Wi-Fi Access Point (AP) was considered in the measurement setup in order not to harm the 
internal circuitry of the router which can result impact the performance of the router. Suspension turbidity, optical 
density measurements and simultaneous counting of E. coli were performed. It was observed that 5 GHz Wi-Fi exposure 
slow down the E. coli growth rate at the same temperature conditions with sham exposed groups especially after the first 
6 h. 5 GHz Wi-Fi induced decrease in cell viability remarkably for the cells seeded at densities 20,40, 100 (×103) and 
viability values were varied between 20 and 30%. C. elegans which is a nematode, plays key role in nutrient cycling and 
soil fertilization was affected by the radiation and egg-laying rates changed by 27.49%. 
Keywords: 5 GHz Wi-Fi, C. elegans, E. coli, SH-SY5Y Cell 

5 GHZ KABLOSUZ AĞ DALGALARININ ESCHERICHIA COLI, CAENORHABDITIS 
ELEGANS VE İNSAN NÖROBLASTOM HÜCRELERİNE ETKİSİ 

Özet 

5 GHz kablosuz internet bağlantılarının yaygınlaşmasıyla, bu dalgaların mikroorganizmalar ve insan sağlığı üzerindeki 
etkileri halen incelenmektedir. Bu çalışmada, adı geçen dalgaların sağlığa etkisinin görülmesi amacıyla üç farklı 
mikroorganizma; Escherichia coli, Caernohabditis elegans ve SH-SY5Y insan nöroblastom hücreleri incelenmiştir. 
Denemelerde, aygıta zarar vermemek ve sinyal üretimine engel olmamak için kablosuz ağ bağlantı noktasının 
kullanılabilecek en yüksek sıcaklığı kullanılmıştır. Örneklerin süspansiyon türbiditesi, optik yoğunluğu ve eş zamanlı 
hücre sayımı yapılmıştır. Sonuçlara göre 5 GHz kablosuz ağ dalgaları E. coli için çoğalma hızını özellikle 6. saatten sonra 
düşürmektedir ve nöroblastom hücreleri için yaşayabilme oranı %20 ile %30 arasındadır. Dahası, C. elegans gibi besin 
döngüsü ve toprağın doğal gübrelemesinde önemli bir rol oynayan ipliksisolucanın yumurta bırakma yüzdesi 27.49 % 
oranında düşmüştür. 
Anahtar Kelimeler: 5 GHz kablosuz ağ, C. elegans, E. coli, SH-SY5Y hücreleri 
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1.  Introduction 

The advancements of technology help human to live a 
comfortable life, by performing multiple tasks quickly, 
easily and with an ease of access to the required 
information. When new technologies and applications 

are first introduced, potential health risks are often 
neglected by mainly focusing on their positive 
outcomes. One of the best examples of this rapid 
adaptation of technology is wireless technology. 
Wireless communication enables people communicate 
regardless of their location and two or more devices to 
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communicate with each other faster. On the other hand, 
in order to meet the demand for capacity, bandwidth 
and higher data rates, the number of Base Stations 
(BS’s) are increased and new frequency spectrums are 
introduced for commercial use. This has resulted in the 
continuous exposure of these frequencies, especially in 
cities. [1]   

5 GHz frequency spectrum operate in a bandwidth of 20 
MHz for non-overlapping channels. That high 
bandwidth gives us the ability to transfer more 
information but with a cost of decrease in coverage area. 
It is noticed that the higher the frequencies of a wireless 
signal, the shorter is its range [2].  With the increase in 
the exposure to 5 GHz Wi-Fi, its effects on health have 
started to be more intriguing. Numerous research 
groups offer different results on this subject. 

Even the 2.4 GHz Wi-Fi frequency caused degeneration 
in the mouse liver, brain and lung [3] Since the 2.4 GHz 
frequency is no longer sufficient due to the increase in 
demand, the 2.4 GHz reaches to its saturation point. This 
leads to the increasing demand for new spectrum and 
directed the communication engineers towards 5 GHz 
frequency [4]. The fifth-generation Wi-Fi is expected to 
become widespread in the near future and we can see 
multiple AP’s operating on those frequencies [5]. 
Evolution of current 5GHz Wi-Fi technology will reach 
much higher radio frequencies (RF) such as 60GHz [6]. 
The higher frequencies may cause some changes in the 
biological structure and function due to the exposure to 
RF radiation (RFR) from multiple base stations 
operating on multiple frequencies every few meters.  In 
the scientific literature, it is seen that the effects of 
wireless networks on health are examined and there are 
contradictory and supportive results [7].   

In a study to confirm the harmful effects, mice and blood 
biochemistry of mice exposed to RFR for 8 hours a day 
at a distance of 1 meter for 6 months revealed 
degeneration of some cells [3]. The cancer risk of RFR 
was also published in 2011 by the International Agency 
for Research on Cancer (IARC) and categorized RFR as 
human carcinogen [8] Some studies reported that 2.4 
GHz RFR damages reproductive cells in mice [9] and 
damages mouse brain cells after 1year by performing 
the detailed examination [10]. 

In general, high frequency is known to have an adverse 
effect on the bacterial population [11]. There are 
devices developed directly for this purpose and used for 
sterilization. In fact, bioelectric effect on bacteria has 
long been known [12,13]. This has shown that the 
electrical current supplied to the bacterial environment 
causes a significant decrease in the population of 
bacteria, particularly in the presence of antibiotic 
molecules. The effect of 10 MHz frequency waves on 
bacterial biofilms was increased antibiotic efficacy.  The 
mechanism in this investigation is basically explained by 
the fact that electric current or radio waves “vibrate the 
bacterial matrix, disrupting its integrity and facilitating 
the passage of antibiotic molecules” [14,15]]. In addition 
to this mechanism, it is interesting to note that electric 

current / radio waves can also produce by-products that 
disrupt the integrity of bacteria. Stewart et al. found that 
the oxygen produced in the presence of electric current 
/ radio wave has lethal effects on bacteria [16]. 

Studies with different proofs show that radiofrequency 
radiation increases oxidative stress in cells, induces 
apoptosis and causes DNA damage [17]. There are also 
studies linking long-term exposure to Wi-Fi with an 
increase in migraine headaches [18]. To the best of 
authors knowledge there has been no study so far to 
evaluate the 5 GHz Wi-Fi effect in human neuroblastoma 
cells. 

Differently cell and bacteria assays, Caenorhabditis 
elegans (C. elegans) may be an experimental model to 
track the results of RFR exposure in an organism. C. 
elegans is a model organism, feeds on bacteria and an 
alternative to mammalian assays because it is an easier 
experimental model with its completely sequenced 
genome, having neuronal, motor, digestive, 
reproductive system, transparent tissues and good 
correlation of endpoint tests [19]. 

In this study, the effects of 5 GHz frequency radiation on 
bacteria, human neuroblastoma cells and reproductive 
system of C. elegans were investigated. It is intended to 
examine the effect of the proliferation and viability and 
egg-laying rate of the bacteria, cells and C. elegans 
respectively. Gram-negative bacteria Escherichia coli (E. 
coli), which is a common model for several studies, and 
is pathogenic strains of this bacteria is dangerous at 
fecal-oral transmission route for humans, was selected 
as the model bacteria. SH-SY5Y cells were selected as in-
vitro modeling of neuronal function because these cells 
have neuron-like phenotype and they are afforded 
numerous benefits in the field of neuroscience research. 
Wild type (N2) C. elegans was used in the study to focus 
on to determine if it changes the egg laying rates. 

2.  Material and Methods 

E. coli (ATCC: 25922) were cultured for growth rate 
experiments. Mueller-Hinton agar was used for 
minimum bactericidal concentration (MBC) studies. SH-
SY5Y cells were cultured in DMEM F12 supplemented 
with 10 % fetal bovine serum, 2 mM glutamine, 1% non-
essential amino acids, 1 % penicillin streptomycin under 
standard conditions of temperature (37 oC– 5% CO2). 

2.1. Experimental Design   

Exposed and sham exposed (control) bacteria, cells and 
C. elegans were at the same temperature conditions. 
Exposed groups were hold in Faraday cage in order to 
prevent radiation exposure and the temperature were 
kept at 37 °C for bacteria and cells, 21 °C for C.elegans in 
order to model body and soil growth temperatures, 
respectively. 

 



Hakan KAYGUSUZ, Bircan DİNÇ, Muhammad ILYAS, Osman Nuri UÇAN 
5 GHz Wi-Fi Effects on Escherichia Coli, Caenorhabditis Elegans and Human Neuroblastoma Cells 

 

9 

 

 
Figure 1. Experimental design of exposed and sham 

exposed groups 

 

2.2. Bacterial Growth Experiments  

Suspensions of E. coli were prepared in triplicate (3 for 
exposed, 3 for sham exposed) as 0.5 McFarland 
Standard in a densitometer (Biosan DEN-1 McFarland). 
Then, E. coli was brought up in bacterial agar (10 mL) 
for 1 day at 37 °C and bacterial growth curves were 
obtained considering the optical density at 625 nm, 
simultaneous densitometer measurements were taken. 
Density was measured at 3 h intervals for the first 12 
hours. After that the last measurement was taken at 
24th h with densitometer (λ = 565 ±15 nm). 
Experiments were repeated three times independently 
from each other. 

2.3. Cell Viability and DAPI Staining   

Cells were seeded 6, 24 well plates at different cell 
densities (20, 40, 100×103) and 72 hours later, MTT (3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide) assay procedure was applied and absorbance 
values measured at 550 nm. After 72 h incubation of 
100×103 cells in 6 well plates that have cover slips at 
the bottom and  at the same conditions similar to 
viability assays (Figure 1), cells were fixed 3% 
paraformaldehyde for 15 min after each treatment and 
stained with 4′,6-diamidino-2-phenylindole (DAPI), 
monitored under a confocal microscope (Leica DM 
5500) for morphological change. Invert microscope 
(Leica MC120) images were taken at 10X magnification. 

2.4. C.elegans egg hatching 

N2 type C. elegans was maintained at 21 °C on 
Nematode Growth Medium (NGM) petri dishes (100 
mm) with E. coli OP50 bacteria as a food source. 
Synchronous populations were generated by 
hypochlorite- NaOH treatment after collecting adult 
worms by pipetting distilled water. The isolated 
embryos raised on NGM culture plates. After L1 stage of 
isolated embryos, they were incubated with router up to 
reaching young adult stage for egg laying. After egg-

laying started, adults were collected 5h later. After all 
the eggs reached the L1 larva stage (~15h), the worms 
were scanned by high resolution scanner (EPSON V800) 
and counted (Figures. 2 and 3). 

  

Figure 2. Young adult C. elegans and eggs 

 

Figure 3. A) After egg laying reaching the L1 stage, B) 
Scanned L1 stage nematodes 

 

2.5. Statistical Analysis     

Optical density and suspension turbidity and bacteria 
counting values and cell viability values, C. elegans egg 
laying rate averages were subjected to t test and p<0.01 
& p <0.05 (IBM SPSS Statistiscs 22).  
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3.  Results and Discussion 

Resistance of bacteria to antibiotics is one of the 
important problems of our time. Studies have shown 
that bacteria exposed to Wi-Fi gain antibiotic resistance 
and their growth rates decrease compared to control 
groups [20,21]. Investigating whether it has a similar 
enhancing effect on viruses is also very important these 
days when we are dealing with COVID-19. An extensive 
literature is needed to support the views of different 
research groups on the subject. We are exposed to more 
Wi-Fi at the same time from many different sources. 
While 5GHz Wi-Fi have advantages like effectiveness, 
efficiency, high resolution and bi-directional bandwidth 
shaping, further studies are needed for potential 
hazards.   

In this study, we have investigated E. coli growth rate, 
SH-SY5Y cell viability and C. elegans egg-laying rate 
when they exposed to 5 GHz Wi-Fi waves for up to 24, 
72, 70 h respectively. According to 24 h growth rate 
change for E. coli (Figure 4 and 5), Wi-Fi exposed 
bacteria showed similar growth rate in the first 6 h. 
However, there was a meaningful change in rates of 
exposed and sham exposed bacteria growth rates after 6 
hours exposure up to 24th h. It is important to note that 
until 6 hours the values are statistically same and 
indicates that short term exposure of Wi-Fi is not 
effective enough to change the growth rate.   

 

Figure 4. Optical density of E. coli (p<0.05) 

 

Figure 5. Suspension turbidity of E. coli (p<0.05) 

When bacteria are exposed to 2.4 GHz Wi-Fi for a long 
time, it has been shown to affect the growth of bacteria 
[20]. In our study, the growth of E. coli (25922) after 6 h 

exposure was negatively affected from the 5 GHz Wi-Fi 
that corrects long term exposure results of previous 
studies [22,23].  

SH-SY5Y cells have been used for in vitro studies of 
neurodegenerative disorders. Here, the long-term 
effects of 5 GHz Wi-Fi on cell viability and 
morphological changes were detected (Figure 6 A, B). In 
the images obtained after 24-hour exposure, there was 
no difference in cell shapes in exposed and sham 
exposed groups, but there were localized decreases in 
adherent cell distributions for sham exposed groups 
(Figure 7 A, B). 

 
Figure 6. A- SH-SY5Y sham exposed cells by DAPI 
staining; B- Wi-Fi exposed cells by DAPI staining 

 

Figure 7. A) Control SH-SY5Y cell density, B) Wi-Fi 
exposed SH-SY5Y cells 24 h exposure 

In viability tests with different numbers of cells, it was 
observed that the change in viability in cells was not at 
the same rate. Experiments with 20, 40 and 100 (x103) 
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seeded cells showed changes in viability ranging from 
20-30% (Figure 8-A) after 72 h exposure.  Previous 
studies report that radio frequency radiation indirectly 
effect cell membrane, translation of RNA, DNA damage 
and inducing oxidative stress [24,25]. DAPI nuclear 
staining was showed more regular and oval shape of 
sham exposed cells. Morphological changes of E. coli and 
cochlear stria marginal cells were reported before for 
extremely low frequency (<300 Hz) and 1800 MHz 
radiofrequency radiation [17,26].   

 
Figure 8. A) % Viability of different number SH-SY5Y 

cells (*** p<0.01, ** p<0.05), B) Average number of eggs 
for every adult (P<0.01) 

It has been described that even Wi-Fi waves of less than 
5 GHz in different cell lines cause oxidative stress in 
cells [10]. It has also been reported to cause apoptosis, 
neurological effects, poor sperm quality, morphological 
changes of sperms and DNA damage in the cell 
[25,27,28].  

While the health effects of high frequency 
electromagnetic waves continue to be discussed [29], 
research into the effects on different cell lines and 
bacteria is gaining importance. Although there are 
important studies claiming to have no impact on human 
health [30]], there are also research groups that draw 
attention to the potential hazard with experimental 
results [31].  

C. elegans population can has some roles on nutrient 
cycle and fertilization of soil [32]. We know that there 
are contradictory results in cells and bacteria exposed 
to RFR when studies by different research groups are 
examined [33,34]. A similar situation is also valid for C. 
elegans exposed to radiofrequency.  For C. elegans, 
which are exposed to non-thermal electromagnetic 
waves, induced some changes such as conformational 
damages to cellular proteins, opposite effects on growth 
and egg production [35]. In an opposite-minded 
research, after prolonged exposure to 1750 MHz RF 
fields, no effect was observed on longevity and 
development of C. elegans [36]. No significant 
differences were reported by another research group 
between exposed and sham exposed groups for lifespan, 
fertility, growth, memory, ROS, apoptosis or gene 
expression of C. elegans [37]. 

5 GHz Wi-Fi exposed L1 larvae were evaluated for egg-
laying rate after reaching young adult stage, when 
embryos of the young adults reached L1 stage again, 
adults were collected and L1 larvae were counted. 
According to egg production rate differences between 
exposed and sham exposed groups, there is a significant 

decrease in the egg production (Figure 8-B). The reason 
for the decrease may be RF-induced stress [38] or non-
thermal RF induced heat-shock [35,39,40] and this is an 
important area to investigate. Because, being affected by 
high frequency RFR of C. elegans egg laying rate as a 
member of nutrient cycle and indirect soil fertilizer, it 
may also disrupt the natural balance of life in regions 
exposed to high frequency waves up to 100 GHz or 
beyond for a long time. Long term exposure of high 
frequency RFR can even change yield of soil due to the 
effects on soil microorganisms.  

In our study, we intend to see the 5 GHz Wi-Fi effects on 
the growth rate of bacteria and the effect of viability in 
SH-SY5Y cells that have not been exposed to such a high 
frequency radio waves in previous studies. 

4.  Conclusion 

In this study, negative effect of 5 GHz frequency on 
bacteria, neuroblastoma cells and C. elegans was 
reported by the means of the decrease of growth rate, 
viability and egg laying rate after long term exposure. 
When exposed to radiofrequency radiation, the growth 
rate of bacteria decreased by up to 20%. A decrease in 
viability and deformed nuclei were observed in SH-SY5Y 
cells after 72 hours of exposure. We have reported an 
easily measurement technique and significant biological 
effect of 5 GHz Wi-Fi exposure on C. elegans, suggesting 
variety of approaches for the effects of high frequency 
RFR on plasma membrane, subcellular compartments, 
and exact mechanisms of interaction between RFR and 
living organisms. 
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