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ABSTRACT 

Technological advances have led to an increase in ambient Electromagnetic Field (EMF) levels, adding to 

the natural background EMFs. Modern electronic devices contribute to this rise, resulting in what is 

known as Electromagnetic (ΕΜ) pollution. With the widespread adoption of wireless technology, concerns 

have grown about the biological effects of long-term EMF exposure, particularly for vulnerable groups, 

such as children and individuals with underlying health conditions. Current international safety standards 

primarily focus on human exposure and do not consider the potential effects on plants and animals. EMFs 

from communication devices are classified as "possibly carcinogenic," yet public awareness and 

precautionary measures remain limited, partly because EMFs are invisible to humans. Although it is 

difficult to completely avoid exposure, adhering to the proposed limits can help reduce the health risks. 

Children are a particularly important group to consider when examining the potential effects of EM 

radiation. Since children spend much of their day at school, they experience prolonged, nearly continuous 

exposure to EM fields. This study aims to assess the ΕΜ background in selected school zones in Tbilisi, 

Georgia. Direct measurements were utilized to map the EMF levels in the selected schools, identify high-

exposure areas -"hot-spots", and evaluate compliance with the safety standards. 
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I. INTRODUCTION  

The advancement of modern technologies has contributed 
to a rise in the environmental levels of Electromagnetic Fields 
(EMFs). While EMFs have always existed naturally, human-
made electronic devices now significantly add to this 
background, leading to what is known as Electromagnetic 
(EM) pollution. This issue has become increasingly pressing. 
Consequently, concerns have arisen regarding the potential 
adverse health effects of prolonged exposure to EM fields. 
Living organisms, including humans, have adapted to natural 
background EM radiation [1, 2]. Additionally, over time, they 
develop resilience to certain environmental changes. However, 
no such adaptation mechanism currently exists for the changes 
caused by exposure to artificial EM fields. The rise of EM 
pollution threatens not only human health but also the 
environment and ecosystems as a whole [1, 2]. EM radiation 
can affect biological organisms through both thermal and non-
thermal mechanisms, with impacts that may be either direct or 

indirect. Living systems possess the capacity to adapt to 
external influences, a process known as compensation. There 
are two types of compensation: physiological and pathological. 
Physiological compensation allows an organism to maintain 
normal function despite exposure to such influences. In 
contrast, pathological compensation occurs when external 
factors induce changes or disruptions that may lead to 
significant biological harm [3]. However, distinguishing 
between these two forms of compensation is often challenging, 
as the transition from normal adaptation to harmful disruption 
is not always clearly defined.  

In 2011, the World Health Organization (WHO) and the 
International Agency for Research on Cancer (IARC), drawing 
on existing scientific evidence, classified EM fields as possibly 
carcinogenic to humans [4]. Since EM fields are imperceptible 
to human senses, individuals are generally unaware of their 
presence. Avoiding exposure entirely to EM fields is quite 
challenging, but it is possible to reduce the intensity of such 
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exposure by limiting the use of emitting devices whenever 
feasible. By reducing the dose of the received radiation, the 
human body and health can be protected. In [5, 6], it was 
shown that EM fields may contribute to the development of 
oncological diseases, hormonal imbalances, and disturbances in 
blood composition in humans. External EM field exposure can 
also interfere with the proper functioning of electronic devices. 
High-intensity EM fields may disrupt the operation of 
implanted pacemakers, causing irregularities in the generation 
or delivery of impulses, which in severe cases could lead to the 
patient’s death [7-9]. 

The current safety standards and recommendations are 
primarily based on the guidelines from the WHO, which in turn 
rely on the recommendations of the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) and IEEE 
standards. To date, none of the guidelines for protection against 
radio-frequency radiation specifically address bio-species other 
than humans [10-12]. Scientifically, it is difficult to state with 
certainty that adhering to the established limits of EM field 
exposure can completely prevent potential long-term harm. 
However, maintaining EM field levels below these threshold 
values can help minimize health risks. 

It is generally assumed that animals, plants, and ecosystems 
are protected on condition that humans are protected. However, 
varying the exposure conditions and interaction mechanisms of 
EM radiation may cause specific effects on flora and fauna 
[12]. Insects are particularly vulnerable to EM radiation 
compared to mammals, birds, and reptiles. The total biomass of 
insects is decreasing by approximately 2.5% annually, 
suggesting that they could face extinction within the next 
century. The loss of insect diversity and abundance could have 
devastating consequences for food chains and pose a serious 
threat to entire ecosystems. Authors in [12-14] noted a direct 
correlation between steadily increasing EM field levels and 
these environmental problems. The 5G technology uses 
frequencies that have a particularly strong impact on insect 
populations. Due to their small body size, insects absorb energy 
more efficiently at high-frequency ranges compared to humans. 
The insects, birds, and other species living near cellular 
antennas mounted on pine trees are vulnerable because the 
existing EM regulations do not cover wildlife [12-14]. 
Scientists believe that the gradual decline of bees and other 
pollinators, linked to EM radiation, may pose more immediate 
and widespread problems than global warming. All these 
findings serve as a warning signal that healthy ecosystems are 
undergoing detrimental changes, which will likely manifest in 
the near future, with inevitable consequences for human health 
and quality of life. 

The potential health risks associated with EM radiation are 
particularly concerning for sensitive groups like children, 
adolescents, pregnant women, and those with compromised 
health. The prolonged exposure to EM fields may trigger a 
range of biological responses, most notably behavioral 
alterations and an increased risk of developmental disorders 
[15-19]. Children, particularly school-aged pupils, represent a 
group of special interest when assessing the potential impact of 
EM radiation. Schools are environments where children spend 
a significant portion of their day, resulting in continuous 

exposure to EM fields. It has been indicated that the effects of 
such exposure may be both immediate and long-term. Short-
term effects can include symptoms, such as difficulty in 
concentrating, increased anxiety, and visual disturbances, while 
long-term consequences, though still not fully understood, may 
involve serious health outcomes, including the potential 
development of tumors [20, 21]. 

It is important to emphasize that the full extent of health 
risks associated with prolonged EM exposure remains unclear. 
However, available measurements suggest that the background 
EM levels are steadily increasing. Naturally, this raises 
concerns among parents regarding whether school 
environments are truly safe from the standpoint of EM 
pollution. 

Considering these concerns, the present study aims to 
measure EM field intensities at selected school locations in 
Tbilisi, Georgia, to assess the level of EM pollution. Based on 
the collected data, specialized software tools were utilized to 
generate a thematic map of EM pollution, highlighting specific 
areas that warrant attention in terms of EM safety. 

II. METHOD 

The concentration of users in places, such as schools, 
hospitals, and shopping malls, can fluctuate depending on the 
day of the week and the time of day, which in turn affects the 
levels of the EM fields present in these environments. To 
evaluate the background EM field levels, measurements were 
conducted during daytime hours at public school sites, 
specifically around the school perimeter, where no special 
permissions were required. These measurements were taken 
periodically to monitor the trends in EM field values at selected 
locations, and the results were visualized using appropriate 
diagrams. Data collection occurred from January to June 2024. 
Additionally, measurements were performed during weekends 
(once a month), with the timing between measurements 
adjusted based on the weather conditions. 

The methodology for the measurements followed the 
recommendations outlined in relevant standards and guidelines. 
In accordance with the ICNIRP guidelines, exposure to 
Radiofrequency (RF) EM fields was assessed through the 
parameter of power density (W/m²). The HF-B8G device was 
utilized for the measurements. The potential impact of metallic 
structures, soil properties, and device accuracy on measurement 
results was considered and mitigated as follows: The HF-B8G 
Triple Axis RF Meter is factory-calibrated for the frequency 
range of 10 MHz to 8 GHz, with an absolute error of ±1.0 dB at 
1 V/m and 2.45 GHz, and a frequency response deviation of 
±1.0–2.4 dB depending on frequency. Before measurements, 
the Calibration Factor (CAL) was verified and adjusted in 
accordance with the manual, ensuring that the readings were 
accurate and consistent. Measurements were performed in open 
areas or at a sufficient distance from large metallic objects. The 
meter operates reliably in far-field conditions, where the 
reflections and interference from nearby metallic structures are 
minimal. However, when the meter was near unavoidable 
metallic structures, the readings were cross-checked along 
multiple axes using the XYZ function to account for potential 
field distortion. Although the HF-B8G primarily measures 
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electric fields in free space, care was taken to minimize the 
effects from soil conductivity and moisture, which can 
influence near-field readings. Measurements were performed 
with the sensor elevated or at consistent height above ground to 
reduce the ground-related variability. The meter was set to "All 
axis" mode (XYZ) for isotropic measurement and readings 
were taken using the instantaneous, maximum, and average 
modes as needed. Any low-battery indicators were checked to 
avoid measurement drift, as battery voltage can affect sensor 
performance. The tri-axis digital processing and isotropic 
sensing reduce orientation and directional errors.  Overall, the 
HF-B8G meter’s design, calibration procedures, and careful 
measurement setup ensured that the influences from metallic 
structures, soil conditions, and device limitations were 
minimized and accounted for in the data collection. 

For this study 75 public school locations were selected. For 
the measurements, a frequency range from 1 MHz to 8 GHz 
was chosen, which the measuring device can accurately capture 
using an isotropic antenna to assess non-ionizing radiation. 

To minimize the impact of weather conditions such as 
humidity, all measurements were performed under consistent 
weather specifically during clear, cloudless periods. 
Additionally, measurements were taken at the same time of day 
to eliminate any variations caused by differing times. 
Measurement points were positioned approximately 1.5 m 
above the ground, corresponding to the average height of a 
person. At each selected location, the measurements were taken 
in a stationary state, with the measuring device configured to 
continuously record the EMF level for at least 10 min. During 
this period, it was possible to detect variations in the EM field 
level caused by user activity and environmental conditions. 
Multiple measurements were taken at various points around the 
schools, with the EM field maximal value recorded for 
analysis. The corresponding GPS coordinates of the 
measurement locations were taken for monitoring purposes to 
ensure accuracy for future revisits. The EM field measurements 
were performed during weekdays and weekends across several 
locations. This approach aimed to explore how the pollution 
levels relate to the number of active mobile phone users and the 
time of the measurement.  

The measured data were recorded and subsequently 
imported into Excel for processing and analysis. The 
spreadsheets that were created were an appropriate method of 
organizing the substantial quantity of data that were gathered. 
The collected data were analyzed to check their compliance 
with safety standards. The processing of the measurement 
results enabled the identification of specific school locations in 
the city that stand out due to higher levels of EM pollution. The 
research primarily focused on quantifying the radiated energy 
and evaluating whether the selected schools are safe with 
respect to the EM exposure.  

The measurement campaign was conducted from January to 
May 2024 and was repeated in 2025 for monitoring purposes. 
The repeated measurements were carried out in the same 
season and weather conditions, in areas with high EM 
pollution. Authors in [22] demonstrated that the EM field 
values are significantly affected by environmental factors, such 
as temperature and humidity. Five measurement sessions were 

conducted over the weekend in the selected schools within the 
specified time frames.  

III. RESULTS AND DISCUSSION  

With the growing number of mobile phone users, the design 
and placement of base stations have become increasingly 
significant. Typically, base stations are mounted on towers 
ranging from 10 to 30 m in height. The positioning of antennas 
is carefully selected so that the main radiation beams reach the 
ground at approximately 50 to 200 m from the tower. The 
coverage area of a single base station can extend up to 30–40 
km. Figure 1 shows the network coverage map by three 
different mobile operators in the study area. Authors in [23] 
showed that while the exposure to EMF tends to increase with 
the progression of mobile network technologies, the exposure 
levels still stay within established safety thresholds. 

 

 

Fig. 1.  Network coverage (Cell Towers) map by operators in Tbilisi, 

Georgia for: (a) MagtiCom, (b) Geocell (Silknet) and (c) Beeline (Cellfie) 

[24]. 

The public concern regarding ΕΜ pollution has intensified, 
largely due to the expansion of Global System for Mobile 
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Communications (GSM) networks and the emergence of new 
wireless communication technologies [23]. The proliferation of 
modern technological infrastructure has led to an increase in 
EM emissions from base stations, contributing to the 
unintended EM pollution of the environment. 

The analysis of the data collected during the study period 
showed no significant differences between the measurements 
taken on weekends (Figure 2) and weekdays (Figure 3). This 
can be explained by the fact that the measurements were 
carried out along the outer perimeter of school buildings. It is 
assumed that more pronounced differences could have been 
observed as long as the measurements had been carried out 
inside the school premises. 

As part of this study, measurements of EM field power 
density were conducted at various school locations throughout 
Tbilisi to assess the level of EM radiation in the urban 
environment. According to [25], a power density of up to 10 
µW/cm² is considered safe. The study revealed that the EM 
field intensity at the measured locations ranged from 1mW/m² 
to 150 mW/m². Relatively high values were recorded near 
several schools (Figure 3), while the rest of the locations 
remained within the permissible limits set by both international 
and local standards [4, 11, 25]. In areas where the recorded 
values exceed the proposed thresholds, it is advisable to 
implement mitigation measures to reduce EM field intensity 
below the safe level. 

 

 

Fig. 2.  Power density values for each selected public-school area 

measured on weekends. 

As shown in Figure 4, the green color indicates locations 
where the EM field power density does not exceed 50 mW/m². 
The yellow color represents areas where the field ranges 
between 50 mW/m² and 100 mW/m², while the red color 
highlights zones with values exceeding 100 mW/m². Mapping 
EM pollution is an essential tool for identifying areas with 
elevated radiation levels. Regular monitoring enables 
preventive action and ensures compliance with internationally 
recognized safety standards. It is crucial to regulate and 
maintain the EM field levels within safety limits. 

 

Fig. 3.  Power density values for: (a) all selected public school locations 

and (b) specific locations measured on weekdays. 

Furthermore, periodic monitoring and updates of EM 
background levels are necessary, as the number of electronic 
and communication devices has increased significantly. Special 
attention should be given to children, who are more sensitive to 
EMFs than adults. Children are still undergoing physiological 
and psychological development, and the bioelectrical 
characteristics of their nervous systems make them more 
vulnerable to EMF exposure [26-31]. Therefore, ensuring a 
safe environment is vital for protecting the health and well-
being of future generations. 

To ensure the consistency and reliability of the results, 
periodic measurements were conducted at locations previously 
identified as having relatively high EM field intensities. 
Measurements were performed under the same conditions, 
including season, time of day, and weather. The results 
confirmed that the EM field levels at these sites remained 
within the established safety limits. 

The current study’s results align closely with those of 
previous research conducted in Ramadi (Iraq), Crete (South 
Greece), Beijing (China), and Banja Luka (Bosnia and 
Herzegovina) [32-35]. The studies have shown that EMF 
exposure frequently exceeds the proposed safety thresholds, 
raising significant public health concerns. In all cases, the main 
sources of EMF were base stations, particularly those 
associated with newer technologies. These findings underscore 
the need for continuous monitoring, strict compliance with 
international safety standards, and careful planning of the 
antenna placement and operation to reduce exposure risks, 
especially in densely populated or sensitive environments. 
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Fig. 4.  Thematic map of selected schools in Tbilisi, based on 

measurements during: (a) weekdays, (b) weekends. 

IV. CONCLUSIONS 

A study of Electromagnetic (EM) background levels was 
conducted through direct measurements at some of the most 
sensitive locations, such as public schools in Tbilisi, Georgia. 
The collected data were analyzed, and a thematic map was 
created to identify school sites where the EM radiation levels 
are relatively elevated. After one-year, repeated measurements 
were conducted at sites previously identified as having 
comparatively elevated EM field levels. All data were collected 
under identical conditions with respect to season, time of day, 
and weather. The monitoring outcomes indicated that the EM 
field intensities at these locations remained within the 
established limits.  

While numerous studies assessing Electromagnetic Field 
(EMF) exposure have been conducted internationally, research 
of this kind remains novel for Georgia. Most existing literature 
focuses on evaluating the EMF levels in urban school 
environments in other countries, where infrastructure, 
population density, and other environmental factors differ 
substantially from those in Georgia. The present study is, 
therefore, novel in its systematic evaluation of the EMF 
exposure around schools in Tbilisi. Furthermore, it aims, for 
the first time, to extend the research across multiple Georgian 
cities, towns, and villages, providing a comprehensive dataset 
reflecting the national conditions. By capturing EMF 
measurements across diverse school locations, the study 
generates baseline data essential for understanding potential 
exposure risks for children in local settings. These findings aim 
to minimize the EMF exposure and provide practical guidance 

for future school infrastructure planning, including the strategic 
placement of electrical and telecommunication equipment. 
Furthermore, the anticipated results from this research establish 
a foundation for region-specific studies and comparative 
analyses within Georgia. In this way, a clear and meaningful 
contribution is made, with relevance to public health at the 
country level. 

Existing safety standards are primarily designed to protect 
against known short-term effects. However, even when the 
measured values fall within these limits, no definitive 
conclusions can be drawn regarding potential long-term 
impacts. It would be scientifically inaccurate to assume that the 
current standards offer complete protection against all health 
risks associated with the prolonged EM field exposure. Today, 
humans and other living organisms are constantly exposed to 
EM fields and/or EM radiation. It is, therefore, unsurprising 
that the potential effects of EM radiation are attracting 
increasing scientific attention. Many flora and fauna species are 
sensitive to artificial or human-made EM fields, which may be 
a contributing factor to species decline and extinction. EM 
fields can affect the health and viability of wildlife, and 
artificial EM fields might play a larger role in species reduction 
and extinction. This can trigger a cascading effect, since 
everything in nature is interconnected, and will inevitably 
impact human health and life quality. 

Despite the extensive research, there is still no clear answer 
to whether EM pollution has negative effects on bio-species. 
Similarly, the question of whether EM radiation might 
sometimes have beneficial effects on living beings remains 
unanswered. Continued research is essential, as technology is 
advancing faster than the understanding of its long-term 
effects. 

This study, together with existing research on this topic, 
highlights the widespread nature of the problem and reinforces 
the need for continuous monitoring, adherence to international 
safety standards, and careful planning of antenna placement 
and operation. The findings emphasize the importance of 
implementing mitigation strategies in sensitive environments, 
such as schools, to minimize exposure risks and protect 
vulnerable populations, especially children.  
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