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Background: The cellular phone towers were established in Iraq, specifically in Baghdad, in 2003 after 

the war. These towers serve as a double-edged sword: they facilitate connectivity for individuals, yet 

simultaneously release electromagnetic frequencies into the environment. This pioneering cross-sectional 

study in Baghdad was designed to assess the potential health risks posed by cellular phone towers to 

individuals residing in proximity to them. Moreover, it investigates any correlation between the distance 

of their residences from mobile phone base stations and reports health issues and DNA damage.  

Methods: In a small panel survey routinely carried out by the Iraqi Center for Cancer and Medical Genetics 

Research at Mustansiriyah University in Baghdad, Iraq, the authors initially utilized a population-based, 

cross-sectional analysis. Initially, inquiries concerning the effects of mobile phone base stations were 

addressed by 14 healthy male and female participants who were directly exposed (n=8) and those residing 

at a greater distance from the towers (n=6), encompassing a range of ages. The participants first responded 

regarding their overall health and their perceptions of the influence of mobile phone base stations. There 

was a list of ailments mentioned. The closeness of a dwelling to mobile phone base stations and risk 

perception were two predictors of health complaints found using a multiple linear regression model. The 

genotoxicity of cell phone tower station radiation was determined using a DNA comet assay. 

Results: Participants were classified based on their exposure to 3G and 4G mobile phone base stations. 

The genotoxicity findings for the volunteers who were exposed revealed Types 3 and 4 DNA damage, as 

assessed by the comet assay, while the control group displayed Type 0-1 damage, which is regarded as 

normal. 

Conclusion: The installation of mobile phone towers directly atop residential structures, positioned at 

elevations between 0 and 15 meters, could present a risk of cumulative DNA harm, which may result in 

significant health issues for individuals in the future. 
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Introduction
Currently, the majority of telecommunication sources, 

including radio and television broadcasts, as well as 

wireless technologies (e.g., mobile phones and local area 

networks), all operate at frequencies around 6 GHz [1]. 

Mobile phones utilizing 3G technology generally 

operate within a frequency range of 900 to 1800 MHz, 

whereas 4G networks function within a standard 

frequency range of 2 to 8 GHz. In comparison, 5G 

technology employs significantly higher frequencies, 

extending up to 60 GHz. Each country has established and 

implemented its own regulations for Wi-Fi channel bands, 

particularly concerning the frequencies utilized by Wi-Fi 

systems. Typically, Wi-Fi systems operate within the 

frequency range of 2.4 GHz to 60 GHz, covering the 

industrial, scientific, and medical bands. The human body 

is constantly exposed to electromagnetic fields (EMF) 

from mobile phone infrastructure, especially tower base 

stations [2]. The growing adoption of wireless 

networking technologies, especially Wi-Fi networks 

and WLAN hotspots, could subject individuals to 

elevated levels of radiofrequency electromagnetic 

radiation (EMR) [3]. In fact, in metropolitan locations 

throughout a variety of countries, significant levels of 

multi-source EMR, including radiofrequency EM 

spectrum, have been observed [4]. The expansion of 

cell phone towers for mobile connectivity brings up 

two issues: visual pollution and potential biological 

effects. In places with large population densities, the 

likelihood of the aforementioned two problems 

becomes more apparent. These two problems are 

interrelated in such settings. As a result, there is an 

increase in visual pollution and potential biological 

effects [5]. 

To understand the biological effect,  several key 
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points must be clarified. Oxidative stress is defined as the 

condition that results from an imbalance between the 

effectiveness of the antioxidant system in removing 

reactive oxygen species (ROS) and the rate at which ROS 

are produced. Superoxide and hydroxyl radicals are the 

two primary forms of ROS in living things. Although they 

are essential for many biological processes, their 

unchecked overproduction can cause DNA damage, such 

as single-and double-strand breaks and crosslinks [6]. In 

general, several internal or external stimuli, such as 

oxidative stress, may be brought on by gamma or UV 

radiation, which is thought to be the source of the creation 

of free radicals and molecular oxidation [7]. According to 

research, producing free radicals, especially hydroxyl 

radicals, which can cause DNA double-strand breaks, can 

be increased by EMF at incredibly low frequencies [8-

10]. Extremely low-frequency EMFs have been shown 

by Mihai et al. to be capable of causing DNA strand 

breakage in healthy human cells [11]. Vero cells were 

exposed to an extremely low-frequency EMF (100 Hz, 

5.6 mT). In comparison to the control group's 

untouched cells, a significant proportion of cells with 

damaged DNA (increased tail length) were found using 

the comet test and cell cycle analysis. Data from cell 

cycle analysis showed a rise in the number of cells in 

the S phase, which is a sign of DNA single-strand 

breakage. Mihai et al. proposed that the creation of 

ROS generated by EMF is the fundamental mechanism 

of reported DNA damage induction [11]. The 

biological effect of EMF is illustrated in Figure 1[12].

 

 
Figure 1. Electromagnetic waves' influence on biological processes and possible therapeutic uses [12]. 

 

Upon reviewing the latest research on the topic alongside 

previous studies, a total of 29 articles were identified that 

examine the genotoxic and epigenetic effects associated 

with the induction of DNA strand breaks (DNA-SB) by 

magnetic fields (MF). In total, 50% of the samples had MF 

effects, whereas 50% did not exhibit DNA-SB. However, 

when considering only genotoxic or epigenetic studies, 

37.5% and 69.2% reported that MF induced DNA-SB, 

respectively. According to these findings, MF may 

contribute to DNA damage rather than acting as a direct 

genotoxic agent [13]. According to the documented effects, 

extremely low-frequency EMF has been classified as 

'possibly carcinogenic to humans' by the International 

Agency for Research on Cancer [14]. However, many users 

and governmental organizations throughout the world 

continue to be concerned about the possible risk posed by 

the EM radiation that telecommunications equipment emits. 

Therefore, extensive parallel investigations on the effects of 

EMF on the critical functioning of biological systems and 

carcinogenicity should be conducted in conjunction with the 

development of EMF-based therapy systems. This brief 

study aimed to assess potential DNA damage in the blood of 

human volunteers following accumulated exposure to 

radiofrequency radiation from 3G and 4G mobile phone 

tower stations, using the comet assay. 

Materials and Methods 

Volunteers and Distance of Towers 

This study investigated two categories of mobile 

phone towers, specifically 3G and 4G. A total of 14 

volunteers took part, comprising 8 individuals who lived 

in proximity to mobile phone towers positioned directly 

above their residences, at elevations between 7 and 15 

meters above the rooftops. The other 6 participants 

resided in areas far removed from any mobile phone 

towers, serving as the control group. According to [15], 

human blood samples were collected via venipuncture 

from the antecubital veins into vacutainer tubes 

containing Ethylenediaminetetraacetic acid. All patients 

signed a written informed consent form for anonymized 

evaluation and publication of their data. All reported 

investigations were carried out in conformity with 

national laws and the Helsinki Declaration of 1964. 
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Comet assay 

The alkaline comet assay, primarily developed by Singh 

in 1988 [16] and further described by Dhawan in 2003 [17], 

was used to evaluate DNA damage. Some modifications 

were carried out in our Lab. Briefly, whole blood from 

volunteers was transported in an ice box to the laboratory 

and processed for the comet assay. Subsequently, 500 µl of 

0.6% agarose with a low melting point was combined with 

10 µl whole blood, and 90 µl of the blood/agarose 

combination was applied to two different locations of the 

comet slides. Slides were put on ice for 10 minutes, 

transferred to a lysis solution that had already been 

refrigerated, and then incubated at 4°C for 1:30 hours.  

The slides were then added to an electrophoresis device 

that was horizontal and contained an alkaline 

electrophoresis buffer. After 20 minutes of DNA 

unwinding, electrophoresis was carried out at 4°C for 20 

minutes at 0.8 V/cm. The slides were washed for 20 minutes 

in water and neutralization buffer, and then air dried before 

being stained with 50 µl of ethidium bromide solution 

(prepared immediately) [18]. Fluorescence microscopy and 

imaging software were used to examine 50 randomly chosen 

cells with comets per slide area (casp1.2.3b1). The 

"parameter DNA intensity in the tail" was used to 

objectively assess the degree of DNA damage (% tail DNA). 

Results are presented as the mean of the average calculated 

from the percentage of the tail of the entire slide area. 

 

Statistical aspects 

Quantitative data from the comet test, which scored 50 

nucleoids per slide, were reported as mean±SD. 

GraphPad  Prism 8 software [19] was used to perform a 

Student's t-test for independent samples with normally 

distributed analyses in order to compare numerical 

variables between the research groups. Blood samples 

from healthy individuals were compared with those from 

radiation-exposed volunteers. The same experiment 

yielded a mean±SD of 1.002±0.105 % tail DNA. Tail 

length, tail moment, and % tail DNA were measured and 

recorded using CASP software (version 1.2.3b1). 

 

Results  

The participants (n=14) expressed concerns about the 

potential health effects of mobile phone base stations 

and the duration of their exposure. Among them, 8 

individuals who believed that mobile phone base 

stations could negatively impact health were living in 

close proximity to the towers, at distances of 

approximately zero meters and at heights ranging from 

7 to 15 meters above their residences. The study results 

indicated significant genetic effects associated with 

accumulated exposure and close proximity to these 

towers. The remaining 6 participants, who served as the 

control group, lived in areas distant from any mobile 

phone towers. 

In total, 32 to 40 cells were analyzed for each of the 

involved cases and controls. The classification of cell 

damage included five levels. G0 and G1 were 

considered normal, while G2, G3, and G4 were 

considered damaged levels with respect to tail DNA, % 

tail DNA,  tail length, and olive tail moment as 

presented in Figure 2. By calculating cell frequency at 

each level, the type of damage was determined [17]. 

The following results of each case are presented in 

Figure 2: 

Case 1: A 24-year-old male was exposed to a 3G 

communication tower for over three years, located 7 

meters above him. His cells showed type 2 damage. 

Case 2: A 26-year-old male was exposed to a 3G 

communication tower for over three years, located 7 

meters above him. His cells were at damage type 3. 

Case 3: A 20-year-old male was exposed to a 3G 

communication tower for three years, 7 meters above 

him. His cells were at damage type 3. 

The first, second, and third cases, as previously 

noted, pertained to individuals who both worked and 

resided in the same vicinity, facing constant exposure 

(24/7) to a nearby 3G mobile phone tower. This tower 

was positioned roughly 7 meters above the roof of their 

building, with their bedrooms located on the second 

floor, merely 4 meters beneath the antenna. These 

individuals endured daily exposure for a duration of 

three years. Results from the comet assay indicated 

Type 2 and Type 3 DNA damage across all three cases. 

As depicted in Figure 2, the cells exhibited deviations 

from their typical condition. 

 

 
Figure 2: Shape movements of comet tails. Based on the intensity of the head and tail, there are five classifications. An integer between 0 and 4 was 

assigned to each category: ( 0) = minimal damage and (4) = severe damage (i.e. almost all DNA in the tail) [17]. 
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Table 1. Parameters used to determine comet assay, and a comparison between two volunteer groups (apparently healthy group and exposure group). 

volunteers 
Age/ 

Gender 
Zone* 

Distance from 

the cell tower 

(m) 

Estimation exposure time 

(year) 
G3 G4 Tail moment Tail length 

Type of 

damage 

1 24/♂ 0m 7m 3Y √ - 2.67 ± 3.24 19.67 ± 10.51 2 

2 26/♂ 0m 7m 3Y √ - 2.75 ± 3.48 17.79 ± 20.61 3 

3 20/♂ 0m 7m 3Y √ - 2.17 ± 5.19 13.12 ± 19.68 3 

4 22/♂ 0m 7m 6Y √ - 2.40 ± 3.11 18.28 ± 11.94 4 

5 57y/♀ 0 m 9m vertical 10y - ¥ 2.40 ± 3.11 18.28 ± 11.94 3 

6 38/♀ 0 m 9 m 10 y - ¥ 1.17 ± 1.86 14.88 ± 13.1 3-4 

7 27/♀ 0m 9 m 3Y - ¥ 2.17 ± 2.53 16 ± 12.05 3 

8 26/♂ 0m 10 m 6m - √ 5.07 ± 13.5 23.94 ± 38.87 1 

9 50/♀ - - - - - 1.61 ± 1.58 16.89 ± 8.8 0 

10 43/♀ - - - - - 1.7 ± 1.4 15.8 ± 7.8 0 

11 28/♂ - - - - - 3.96 ± 7.19 22.94 ± 21.39 0-1 

12 50/♀ - - - - - 3.57 ± 4.95 18 ± 19.3 0-1 

13 44/♂ - - - - - 2.95 ± 4.95 13.31 ± 13.84 0-1 

14 29/ ♀ - - - - - 2.30 ± 5.95 12.23 ± 12.84 0 

1-8 cases 

 9-14 control. 

¥: exposed to G3 which updated to G4 

 

Case 4: A 22-year-old male was exposed for six years 

to a 3G communication tower, 7 meters above him for 3 

years, and was exposed previously for 2 years in another 

place. His cells were at damage type 4. 

Case 5: A 57-year-old female was exposed to a 

vertically 9-meter 3G communication tower updated to 

4G for 10 years in total. She revealed damage type 3. 

Case 6: A 38-year-old female was exposed to a 

vertically 9-meter 3G communication tower updated to 

4G for 10 years in total. She revealed damage types 3-4. 

The case was a heavy smoker. 

Case 7: A 27-year-old female was exposed to a 

vertically 9-meter 4G communication tower for three 

years. She revealed damage type 3. 

Case 8: A 26-year-old male who was exposed to a 10-

meter vertical tower for 6 months showed type 1 cell 

damage. 

All the control individuals who lived away from 

communication towers were either type zero or type 1 in 

which there was no serious damage.  

 

Discussion 

This study aimed to evaluate genetic damage in 

peripheral blood leukocytes of individuals living in 

proximity to mobile phone base stations through the 

single-cell gel electrophoresis (comet) assay. Moreover, it 

compared the findings with those of healthy control 

subjects. The findings of the present study emphasized 

two primary factors affecting DNA damage: the length of 

exposure and the distance of exposure, particularly for 

individuals living directly under mobile phone base 

stations (zero-meter zone). Both factors were determined 

to significantly influence the level of DNA damage noted 

in the exposed subjects. 

At the molecular level, the comet test measures DNA 

single- and double-strand breaks. Such DNA damage has 

biological repercussions that include cell death, cancer 

growth, and mutations [20]. The extent of DNA damage 

in the blood of a participant (Case No. 8), who was 

exposed to EMF from mobile phone tower stations for 

a duration of six months, was determined to be similar 

to the baseline level seen in a healthy volunteer residing 

away from these towers. This implies that, at this point, 

the exposure had not caused notable DNA damage, 

suggesting that short-term exposure may not result in 

severe genotoxic consequences. 

While the one case that was exposed for more than 3 

years revealed type 3 damage forward type 4, both 

Cases 5 and 6 were exposed to the same type of towers 

and the same duration. However, Case No. 6 showed 

progression from Type 3 to Type 4 DNA damage. The 

individual was a heavy smoker, suggesting a possible 

synergistic effect between electromagnetic wave 

exposure and smoking in exacerbating genetic damage. 

A further example of Type 4 DNA damage was noted 

in Case No. 4, demonstrating the effects of prolonged 

exposure at a height of 7 meters over a six-year 

duration. In contrast, Cases 1, 2, and 3, which were 

subjected to the same height for only three years, 

displayed reduced levels of DNA damage (Types 2 and 

3). This indicates that an extended duration of exposure 

may lead to a greater accumulation of genetic damage, 

possibly escalating the severity to Type 4. 

In a previously conducted study [21], it was 

concluded that the mobile phone base stations provide 

communication; however, their constant radiation 

emissions have generated health concerns. In 

comparison to the area from which control samples 

were taken, the power density in the region between 50 

and 100 meters from the base station exceeded the 

acceptable limits [21]. The participants (n = 8) in the 

current study, who lived within zero meters of a cell 

tower, illustrated the effect of direct exposure. DNA 

migration length, damage frequency, and damage index 

were all measured in the genetic sample groups.  

According to a recent study by Zosangzuali, 

several oxidative stress indices (e.g., Glutathione, 

Glutathione S-transferase, Superoxide Dismutase) in 
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the brains, hearts, kidneys, and livers of Swiss albino 

mice may be affected by exposure to mobile phone base 

stations that emit 1800-MHz radiofrequency EMR. 

Their findings showed that the formation of ROS had 

negative impacts on the mice's brains, as evidenced by 

increased lipid peroxidation and decreased antioxidant 

levels and activity [22]. 

Mobile phones, radio-based stations, phone towers, and 

high-voltage power lines emit electromagnetic radiation, 

which has been associated with a range of health issues, 

including the risk of cancer in people and negative 

impacts on animals, including birds. A recent literature 

review by Gupta et al. suggested that despite a dramatic 

growth in usage, there is still a dearth of awareness of the 

problems associated with mobile phone radiation [23]. 

 

Conclusion 

In this original study, the comet assay was employed to 

detect the genotoxic effects of radiation from 3G and 4G 

mobile phone tower stations on the blood of individuals 

exposed to these emissions. The placement of towers 

above residential buildings, with heights ranging from 

zero meters to 7-15 meters, presents a risk of DNA 

damage accumulation, which may contribute to future 

health hazards for individuals. 

The authors recommended conducting further 

genotoxic studies involving a larger sample of volunteers. 

They suggested placing the tower stations above 

uninhabited buildings to prevent continuous 24/7 

exposure and raising the magnetic generators to heights 

above 15 meters to minimize their impact on genetic 

material. Moreover, telecom companies could establish 

these towers outside the cities in a wide area to protect 

people's lives from harm.   
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