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Significant developments in communication technologies are occurring day by day in the 

modern world. However, electromagnetic waves emitted by base stations emerging as a 

result of these developments and the resulting electromagnetic fields have effects on human 

health. International institutions are also agreeing that in case of exposure to base stations 

below a certain distance, human health, biotic populations, and buildings will be adversely 

affected. In this study, the electromagnetic field intensity in Safranbolu, a historical city in 

Turkey was determined and mapped on the city scale. In the context of the study, 4 base 

stations were considered at five different distances: 20m, 50m, 100m, 200m, and 500m. As 

a result of the total electromagnetic field measurements made in the frequency range of 50 

MHz and 3.5 GHz, it was found that there was a decrease in the electric field at each base 
station inversely proportional to the distance. The study is the only one that deals with 

electric field pollution in Safranbolu, and it is expected that this study will create a basis for 

future studies in terms of measurements to be made after the arrival of the 5G application to 

the city. 

 

1. Introduction 

Technological devices occupy an important place in today's 

world, which is characterized as the information age, and 

many of these devices emit electromagnetic waves [1-4]. 

Electromagnetic field (EMF) can be defined as the push or 

pull force created by the charged particles consisting of 

electric field and magnetic field. The energy dissipation 

occurring as a result of the action of pushing or pulling forces 
is called electromagnetic radiation or electromagnetic wave 

propagation [5]. These waves can be emitted from two 

different sources, natural and artificial [6]. Electromagnetic 

fields originating from natural sources usually do not have a 

negative effect on human health. However, electromagnetic 

waves emitted from artificial sources stand out as a source of 
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pollution that may cause serious problems on living beings 

if not handled in a controlled manner [7-9]. 

Along with the developing technology, the increase in the 

use of devices emitting electromagnetic waves also increases 

the exposure to these waves. Although the effects of this 

exposure on living beings depend on the frequency, power, 

and intensity of electromagnetic waves, they also differ 

depending on the distance of the exposed location, the 

duration of exposure, and the personal characteristics of the 

individuals [10, 11]. When the effect of the specified 

technical and environmental parameters are considered, it 

can be said that the regulations on the subject require an 

interdisciplinary study. For this reason, to reveal the level of 

electromagnetic pollution and to determine the standards, the 
United International Non-Ionizing Radiation Committee 

http://www.crpase.com/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/
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(INIRC), the United Nations Environmental Protection 

Agency (UNEP), the International Commission on Non-

Ionizing Radiation Protection (ICNIRP), and the 

International Labor Organization (ILO) carry out joint 

studies related to the subject. However, considering the 

different urban planning, climatic characteristics, and 

demographic data, it is seen that each country sets its own 

standards. In Turkey, the Information Technologies and 
Communications Institute (ITCI) conducts studies related to 

the electromagnetic field. 

Many studies on the subject have shown that there are 

negative relationships between exposure to electromagnetic 

fields and human health [12,13]. Some studies have revealed 

that some problems such as fatigue, sleepiness, and headache 
may occur in short-term exposures [14,15], while some 

studies have proven that long-term exposures have negative 

effects such as brain cancer, leukemia, Alzheimer's disease, 

and reduced birth rate [16-24]. 

Electromagnetic fields encountered in daily life consist 

of two separate frequency bands. The first of these is called 
the ELF band and characterized as very low-frequency areas 

that form the areas below 2kHz. The second is 

electromagnetic fields created by remote communication 

devices such as telephone, computer, radio, television, 

wireless network connections, and base stations covering 

from 100 kHz to 300 GHz. These areas are called the RF-

MW band [12, 25-29]. Especially after the 2000s, many steps 

taken worldwide in order to expand the infrastructure of 

wireless devices and optimize network connections for 

ensuring fast, secure, and uninterrupted communication 

opportunities have been in the RF-MW band. The 
electromagnetic fields resulting from the studies carried out 

for these steps have had a certain level. It is known that if an 

electromagnetic field exceeds the level, it poses a risk. 

With the increase in wireless network access, base 

stations with wide coverage areas have been started to be 

built in order to provide uninterrupted and fast access 
throughout the world. In parallel with the requirements of 

developing communication systems, the number of these 

base stations and frequency intensities are also increasing 

[30]. According to the data of the Ministry of Transport 

(2019), the total number of base stations in Turkey is 

187,808, and this number shows that there is 1 base station 

for every 450 people. The increase in the number of base 

stations makes it important to determine and map the level 

of electromagnetic pollution on an urban scale [31-32]. As a 

result of the need for new settlement areas, cities are growing 

in an unplanned way, especially in cities that receive 
intensive immigration. For this reason, many base stations 

remain in urban living areas, and the designated safety 

distance can be exceeded. This level of electromagnetic 

pollution, which develops on an urban scale, can create risks 

on a regional scale depending on the location of the base 

stations in the city. Therefore, mapping electromagnetic 

fields in cities and examining the safety distances are 

important for public health. Although there are many urban-

scale studies conducted to detect the electromagnetic field 

[33-41] and although there are also data indicating that old 

buildings in a historical center may be more affected by the 

electromagnetic field [42], there is no study focusing on a 
historical center in the literature.  

Within the scope of this study, the electromagnetic field 

pollution level of Safranbolu city, which is included in the 

UNESCO World Heritage Cities List, was determined by 

measurements, and an electromagnetic map of the city was 

created. The safety distances of the base stations and the 

conformity of the structural approaches to the safety 

distances were examined. The study is the first 

electromagnetic study conducted on an urban scale in a 
historical center. The study is expected to raise awareness 

about electromagnetic pollution, provide the basis for 

measurements to be made after the arrival of 5G in the city, 

and shed light on future studies to be conducted in protected 

cities. 

2. Material and Method 

2.1. Case Study 

The city of Safranbolu is a district of Karabuk province 

located at latitude 41.2636 and longitude 32.6951 (Figure 

1a,b). Safranbolu, with a central population of 51,904, has a 

residential area of 9.73 km2. The city, which is famous for its 

historical Safranbolu houses reflecting the classical Ottoman 
urban architecture, is one of Turkey’s 9 cultural assets listed 

on the World Heritage List since 17 December 1994 and 

attracts touristic interest thanks to this feature (Figure 1c). As 

can be seen in Figure 2, in the context of this study, 4 base 

stations (BS-1, BS-2, BS-3, BS-4), located in different 

regions, were identified in the residential area. These base 

stations are located close to the border points of the city 

campuses. BS-1 and BS-3 are within urban residential areas, 

while BS-2 and BS-4 are relatively far from residential areas 

(Figure 3). 

 

 
Figure 1. a) The location of Safranbolu on the map of Turkey,  

b) Safranbolu settlement borders, c) Safranbolu old city  

2.1. Electromagnetic Field (EMF) Measurements 

The propagation of electromagnetic waves varies 

depending on various parameters such as ambient 

temperature, humidity, frequency of communication, and the 

nature of the base station [30]. Therefore, there are 
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measurement rules determined by national and international 

institutions. In this study, the measurement rules were 

determined based on the Electronic Communication Devices 

Security Certificate Regulation published by the Turkey 

Information Technology Institution (ITCI) in 2011. 

According to Article 15 of this regulation; 

1. Electric and magnetic fields will be measured 

separately in measurements to be made with broadband 

devices. 

2. At points where there is more than one transmitter, all 

electric field strength will be measured. 

3. Any electronic device that is likely to be on the person 

who will make the measurement should be turned off. 

4. The minimum duration of the measurements is 1 

minute, and measurements should be made at a height of at 

least 1.5 meters above the ground. 

5. Depending on the antenna direction, measurements 

should be taken from the nearest three accessible points 

outside the safe distance [1]. 

 

 

Figure 2. Base stations and their views 

 

In this study, Extech 3.5 GHz EMF Meter was used for 

electric field measurements and PCE-EMF823 (Fig 4a, b) 
device was used for magnetic field measurements. Technical 

information of the devices is given in Table I.  Since there is 

no standard developed in this direction, measurement points 

and distances were determined based on the related literature 

[43-46]. The security distances around the detected 4 base 

stations were considered at five different distances: 20m, 

50m, 100m, 200m, and 500m, respectively (Fig 4c). To be 

able to minimize the margin of error in these regions, 4 

different measurement points were determined in each of 

them. In these areas, the total electromagnetic field value was 

measured for each point in the frequency range from 50 MHz 

to 3.5 GHz. In addition, taking into account the Information 

Technologies and Communication Institute regulation, 

measurements were made by distinguishing between the 

frequencies of 900 MHz and 1800 MHz at base station areas 

1 and 3, where there is only one base station in each of them. 

Since there is more than one base station in areas 2 and 4, the 

total electromagnetic field strength in these areas was taken 

into account.  

The average value is important during the measurement 

period. According to the Information Technologies and 

Communication Institute, Turkey (ITCI) regulation, the 

minimum measurement time is 1 minute. However, to be 

able to ensure data reliability, measurements were taken for 

6 minutes instead of 1 minute based on the ICNIRP 
guideline. Measurements were carried out for 24 days 

between 31 May 2021 and 26 June 2021. Measurements 

were taken from 80 different points per day, including 20 

points for each base station. A total of 1920 measurements 

were made during the study period, and these measurement 

values were evaluated based on the limit values determined 

by the ITCI and ICNIRP guidelines. Threshold limit values 

determined by these institutions are given in Table II. 

 

 

Figure 3. Locations of base stations 

 

 

 

Figure 4. a) Extech 3.5 GHz EMF Meter electric field meter 
b) PCE-EMF823 magnetic field meter c) Measuring zones and 

measuring points 
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Table 1. Technical information of measuring equipment 

Equipment Features 

Measuring range Unit Measuring range Frequency range  Measuring range 

Extech 3.5 GHz 
EMF Meter 

20mV/m-108V/m mV/m, V/m, μA/m, 
mA/m, μW/m2, 
mW/m2, W/m2, 

μW/cm2, mW/cm2 

0.1mVm, 0.1mA/m, 
0.1mW/m2, 

0.001mW/cm2 

50MHz to 3.5GHz 
(Measurement 
optimized for 

900MHz, 1800MHz 
and 2.7GHz) 

1 sec 

PCE-EMF823 20 µT x 0,01 µT / 
200 µT x 0,1 µT / 
2000 µT x 1 µT (1 

µT = 10 mGs) 
200 mGs x 0,1 mGs 

/ 2000 mGs x 1 
mGs / 

20000 mGs x 10 

mGs 

Gauss (mG) 
Tesla (µT) 

0.01 µT 
 (until 20 µT) 

0.1 µT  
(until 200 µT) 

1 µT  
(until 2000 µT) 

30 Hz-300Hz 1 sec 

 
 

Table 2. Threshold limit values determined by ITCI and ICNIRP [1] 

Institutions Threshold limit value for 
900 MHz  (V/m) 

Threshold limit value for 
1800 MHz (V/m) 

Threshold limit value in areas 
with multiple base stations  

(V/m) 

Information Technologies and 
Communication Institute (ITCI/Turkey)  

10.23 14.47 30.75 

Internatıonal Commission on Non- 
Ionizing Radiation Protection (ICNIRP) 

 
41.25 

 
58.33 

 
41 

 

2.1. Mapping 
 

In addition to determining the level of electromagnetic 

pollution at an urban scale, it is also important to map and 

identify areas that may be risky. Therefore, mapping is 

frequently used in urban-scale electromagnetic pollution 

studies [47-50]. 

In general, the ArcGIS program is used to create 
pollution maps. ArcGIS is a Geographic Information 

Systems (GIS) software that enables the processing and 

analysis of software, hardware, and data components by 

various methods in master plans to be created for the solution 

of social and environmental problems on earth. The software 

provides efficiency by processing a lot of data within this 

working systematic, accelerating the information flow, and 

increasing the workforce [51-55]. The software is actively 

used by many public institutions and organizations such as 

municipalities, regional traffic administrations, and 

agriculture directorates. Considering its features, it was very 
important to use the analysis and visualization features of the 

ArcGIS software within the scope of this study. Therefore, 

ArcGIS and ArcScene 10.4.1 were used in the study.  

3. Results 

3.1. EMF Results Obtained in Areas with Multiple Base 

Stations 

It was found that the total electromagnetic field 

measurements made in the frequency range of 50 MHz and 

3.5 GHz at four different base stations showed a decrease in 

the electric field at each base station inversely proportional 

to the distance. Because intensity of the electric field in volts 

per meter (V/m) is expressed as. This density decreases 

rapidly as distance increases [56]. As can be seen in Table 3, 

in 20m, the highest measurement value was determined at 

the BS-4 base station with 10.897 V/m, and the lowest 

measurement value was at the BS-3 base station with 4.023 

V/m. The mean electric field intensities at the stations were 

listed as BS-4 > BS-1 > BS-2 > BS-3 in 20 m. In 500 m, the 

highest measurement value was found at the BS-4 base 

station with 2.361 V/m, while the lowest measurement value 

was found at the BS-3 base station with 1.333 V/m. The 
mean electric field intensities at the stations were listed in 

500m as BS-4 > BS-1 > BS-3 > BS-2. 

The urban pollution map created by considering the 

average measurement values is given in Figure 5. As a result 

of the measurements, no data on the magnetic field was 
found. Based on ITCI and ICNIRP, considering the 

compliance of the measurement results with the limit values, 

the total electromagnetic field limit values were determined 

if there were more than one base station at a point. 

Depending on this data, the suitability of the total 

electromagnetic field limit values at BS-2 and BS-4 base 

stations was examined within the scope of the study, and it 

was determined that the electromagnetic field was below the 

limit values determined by ITCI (30.75 V/m) and ICNIRP 

(41 V/m) (Table 2). Total EF graphs and regional pollution 

maps made in the 50 MHz to 3.5 GHz frequency range 

presented in Table 4. 
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Table 3. Total EF results in the frequency range of 50 MHz to 3.5 GHz 

Base Stations 20m (V/m) 50m(V/m) 100m(V/m) 200m(V/m) 500m(V/m) 

       BS-1 (max) 9.987 7.787 4.236 2.142 1.126 
BS-1 (mean) 6.645 5.755 3.156 2.001 1.356 

        BS-1 (min) 5.554 4.123 2.102 1.001 0.086 
BS-2 (max) 8.255 5.132 3.438 1.058 0.526 
BS-2 (mean) 6.456 4.896 2.458 1.017 0.458 

        BS-2 (min) 5.103 3.454 2.036 0.652 0.185 
BS-3 (max) 8.999 6.125 4.259 2.897 1.333 

BS-3 (mean) 5.836 4.321 2.524 1.217 0.658 
BS-3 (min) 4.023 3.458 2.699 1.995 0.369 
BS-4 (max) 10.897 8.147 4.156 3.291 2.361 
BS-4 (mean) 7.569 6.454 3.545 2.999 1.841 

        BS-4 (min) 6.127 5.221 3.896 2.566 1.589 

 
 

 
Figure 5. Total EF pollution map of Safranbolu 

 

Table 4. Total EF graphs and regional pollution maps made in the 50 MHz to 3.5 GHz frequency range 

Base 
station 

Safety 
distance 

Measurement charts Regional pollution map 

BS-1 20.403m 

 

 

BS-2 5.791m 
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BS-3 20.699m 

 

 

BS-4 6.5m 

 
 

 

3.2. EMF results in the 900 MHz and 1800 MHz 

Frequency Range 

Measurements made on a broadband scale are obtained 

by summing the measurement values on the x, y, and z axes 

into a single value. Due to the problems that might arise if 

this measurement system did not classify different frequency 

ranges and compare them with limit values, measurements at 

BS-1 and BS-3 base stations were carried out in 900 MHz 
and 1800 MHz frequency bands. 

When the measurements made at the BS-1 base station 

were examined, it was determined that the electromagnetic 

field intensity at the frequency of 1800 MHz was higher than 

that of the 900 MHz frequency band. In measurements made 

at 900 MHz frequency, the maximum value was 7.125 V/m 

between 20m and 500m, and the minimum value was 0.236 

V/m; and these maximum and minimum values were 

determined as 8.325 V/m and 0.369 V/m at 1800 MHz 

frequency, respectively (Table 5). Considering the threshold 

limit values determined by Information Technologies and 

Communication Institue, Turkey (ITCI) (900MHz: 10.23 

V/m, 1800MHz: 14.47 V/m) and ICNIRP (900MHz: 41.25 

V/m, 1800MHz: 58.33 V/m), it was observed that the 

threshold limit values were not exceeded in both frequency 

bands (Figure 6a, b). The electromagnetic field pollution 

map of the frequency bands is given in Figure 7. 

 

 

Table 5. EF results for BS-1 base station between 900 MHz and 1800 MHz frequencies 

Frequency Base station 20m (V/m) 50m(V/m) 100m(V/m) 200m(V/m) 500m(V/m) 

900 MHz (V/m) 

BS-1 (max) 7.125 5.560 3.313 1.635 0.963 

BS-1 (mean) 5.879 4.745 2.963 1.456 0.555 

BS-1 (min) 4.231 3.589 2.523 1.089 0.236 

1800 MHz (V/m) 

BS-1 (max) 8.325 5.369 3.258 1.088 0.996 

BS-1 (mean) 6.014 4.896 2.996 0.875 0.741 

BS-1 (min) 4.601 3.222 2.631 0.658 0.369 

 

 
Figure 6. a) BS-1 EF results in 900 MHz frequency b) BS-1 EF results in 1800 MHz frequency 
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Figure 7. a) BS-1 900 MHz frequency EMF map, b) BS-1 1800 MHz frequency EMF map 

 

It was determined that similar to the BS-1 the 

measurements in the 1800 MHz frequency band at the BS-3 

base station were more intense. In the measurements made 

in the 900 MHz band between 20m and 500m in this region, 

the maximum value was 6.756 V/m and the minimum value 

was 0.893 V/m. At the frequency of 1800 MHz, these values 

were measured as 7.236 V/m and 0.865 V/m, respectively 

(Table 6). When evaluated in terms of compliance with the 
limit values, it was observed that the limit values determined 

by ITCI (900MHz: 10.23 V/m, 1800MHz: 14.47 V/m) and 

ICNIRP (900MHz: 41.25 V/m, 1800MHz: 58.33 V/m) were 

not exceeded in both frequency bands (Figure 8). 

Electromagnetic pollution maps in the region according to 

frequency bands are given in Figure 9. 
 

3.3. Detection of Building within the Safety Distance 

 

One of the main problems in the base stations remaining 

in the city with the growth of cities is the safety distance 

issue. In this context, in addition to urban-scale mapping, 

regional mappings are also important for the determination 

of this situation. When the base stations discussed in the 

study were examined, it was determined that residential 

buildings started after 25 meters from the base station 1, 200 

meters from the base station 2, 75 meters from the base 
station 3, and 350 meters from the base station 4. Based on 

the security distances determined by the ITCI, for each base 

station, regional models were created and the buildings in 

these regions were examined. Accordingly, no construction 

or building was detected within the safety distance at base 

stations 1, 2 and 4, while a building (atelier) was detected 

within the safety distance at base station 3 (Figure 10 a, b, c, 

d). 

 

 
Figure 8. a) BS-1 EF results in 900 MHz frequency b) BS-1 EF results in 1800 MHz frequency 

 

 
Figure 9. a) BS-3 900 MHz frequency EMF map, b) BS-3 1800 MHz frequency EMF map 



Yetiş and Kayili - CRPASE: Transactions of Civil and Environmental Engineering 7 (4) Article ID: 2418, 1-10, December 2021 

8

 

Table 6. EF results for BS-3 base station between 900 MHz and 1800 MHz frequencies 

Frequency Base station 20m (V/m) 50m(V/m) 100m(V/m) 200m (V/m) 500m (V/m) 

 
900 MHz (V/m) 

BS-3 (max) 6.756 4.369 3.891 2.003 1.289 

BS-3 (mean) 5.010 3.999 3.001 1.954 0.987 

BS-3 (min) 4.236 3.147 2.421 1.738 0.893 

 
1800 MHz (V/m) 

BS-3 (max) 7.236 4.999 3.785 2.158 1.963 

BS-3 (mean) 5.143 3.598 2.856 1.587 1.251 

BS-3 (min) 4.213 3.010 2.187 1.150 0.865 

 
 

It is seen that there is 1 base station in an area of 

approximately 2.43 km2, where 12976 people live in the city. 

However, there is 1 base station in Turkey for every 4.17 km2 

area. Compared to the number of base stations per km2 across 

the country, the number of base stations in Safranbolu is 

higher. 

According to the report published by Information 

Technologies and Communication Institue in 2010, in a 

study in which measurements were taken from 242 different 

points in Karabuk, electric field strength was determined in 

the range of 0-6 V/m [1]. Increasing technological 

developments and the spread of 3G, 4G, and 5G systems 

have played an important role in determining a level above 

these values within the scope of the study. In addition, 

increasing remote network connections in many sectors due 

to the COVID-19 pandemic process are likely to have an 
impact on this data. 

 

 
Figure 10. a) B.S.-1 Safety distance, b) B.S.-2 Safety distance, c) B.S.-3 Safety distance, d) B.S.-4 Safety distance 

 

5. Conclusions 

Within the scope of this study, 4 base stations (BS-1: 

Esentepe district; BS-2: Bulak district; BS-3: Barış district; 

BS-4: Babasultan district) were identified in the residential 

area of Safranbolu city. At all base stations, the highest 

electromagnetic field values were measured at a distance of 
20m, and the lowest values were measured at a distance of 

500m. This confirms that the electromagnetic field intensity 

decreases as moving away from the base stations. 

In the total measurements, the highest electromagnetic 

field was detected in the BS-4 base station. It was observed 

that the measurement results were below the total limit value 
determined by the ITCI and ICNIRP. In the second stage of 

the study, measurements were carried out at the frequencies 

of 900 MHz and 1800 MHz at BS-1 and BS-3 base stations 

by using the frequency selective method. Considering all the 

results, it was determined that the electromagnetic field 

intensity at the frequency of 1800 MHz was higher than that 

of the frequency of 900 MHz. It was found that all 

measurement values in both frequencies were below the limit 

values determined by ITCI and ICNIRP. 

The danger of electromagnetic pollution originating from 

base stations is increasing day by day. To prevent this 

danger, the relevant institutions and organizations must carry 

out master plans and offer effective solutions by taking into 

account the settlement areas and safety distances in cities. 

While making these plans, not only human health should be 

taken as a criterion, but also other living beings in the region 

should be considered. In addition, the effect of the 

electromagnetic field on building biology should also be 

taken into account, and the base stations should be located 

away from these areas due to their possible negative effects 

on historical buildings. Moreover, systems that provide 
instantaneous detection of possible risk situations by taking 

measurements with the help of sensors located at certain 

distances from the base stations and transferring them to a 

GIS-based data system should be used. 

In cases where the specified recommendations are 

insufficient, it is possible to reach a solution by using textile 
materials with the ability to absorb electromagnetic 

radiation, such as polyaniline (PANI), Polythiophene, and 

conductive dyes. Custom-made textile products and dyes 

have been developed and put into use with the use of up-to-

date polymer technologies. Thanks to their special textile 

structures, these products can provide higher than 99% 

protection in different protection efficiency areas at different 

frequency ranges. 

In addition, electro-conductive paints have a solid 

content consisting of adhesives such as acrylic, acrylic 

urethane resin mixed with electrically conductive filler such 

as nickel, copper, silver or graphite powder. The shielding 

capacity of electro-conductive paint is directly related to the 

thickness of the paint. For this reason, it is important to apply 

the paint thickly and uniformly [56-57]. These paints provide 

an effective shielding against electromagnetic fields when 

applied correctly. 



Yetiş and Kayili - CRPASE: Transactions of Civil and Environmental Engineering 7 (4) Article ID: 2418, 1-10, December 2021 

9

 

For future studies, it is considered to determine the 

continuous electromagnetic field with longer-term 

measurements and to determine the relationship between 

human disease symptoms and electromagnetic field. 
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