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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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Introduction

In recent years, with continuous development of mobile 
communication, electromagnetic exposure from GSM 
base station antennas has changed due to the increasing 
number of base stations placed in close of residential are-
as, schools and streets. In order to control and limit the 
electromagnetic field exposure levels of people, interna-
tional guidelines and standards were established (ICNIRP 
1998; EN 50413: 2008). Also, national regulations based 
on these guidelines and standards are prepared and taken 
into account (BTK 2011; Karpowicz et  al. 2006; FOEN 
1999). A number of researchers studied on public and 
occupational exposure from base station antennas with 
performing field measurements (Baltrenas et al. 2012; Wu 
et  al. 2012; Alanko et  al. 2008). Meanwhile, theoretical 
analysis of electromagnetic exposure levels has been also 
studied. 

The level of human exposure to electromagnetic 
radiation from base station antennas can be calculated 
theoretically (Poljak et al. 2004). A numerical and experi-
mental analysis has been performed with human exposure 
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abstract. Electromagnetic field exposure levels of people living in the closest houses to the GSM transmitting anten-
nas were investigated in a city between 2010 and 2012. At the end of 3-year period, trend of the electromagnetic ex-
posure levels was determined especially for indoor/outdoor environments near the base station antennas. Because of 
increasing number of base stations by years and changing of the technology, it is determined that average electromag-
netic exposure values in the city increased in a certain extent each year. Total and frequency selective measurements 
were performed in indoor/outdoor places. The results were compared by International ICNIRP limits. In addition, 
possibility of the compliance with some European countries which have applied low limit values are discussed to 
minimize involuntary exposure to electromagnetic fields at indoor/outdoor environments. Consequently, a suggestion 
is made and discussed for obtaining relatively homogeneous distribution of electromagnetic field exposure at indoor/
outdoor environments near base station antennas to eliminate extent values.

Keywords: electromagnetic field exposure, base station, indoor environment, measurement.

in close of the base station antenna via phantom model 
(Gosselin et al. 2009). With reflecting walls and buildings, 
human exposure studies are expanded to a urban environ-
ment model (Bernardi et al. 2000). Existence of an exclu-
sion zone is important to keep people away from excessive 
exposure in the vicinity of base station antennas (Singh 
2012). The electric fields radiated from base station anten-
nas are evaluated and compared with the measurements 
and permissible exposure limits to determine the safety 
zone for electromagnetic exposure of base station anten-
na (Chen et al. 2009). On the other hand, another way to 
determine safety distance for electromagnetic exposure is 
to calculate Specific Absorption Rate (SAR) and compare 
with basic restrictions (Joseph, Martens 2005). By means 
of SAR calculations, minimum safety distance is to be cal-
culated for a person in the near field of a base station for 
single frequency (Cooper et al. 2002). The actual situation 
is highlighted via measuring the GSM frequency-based 
electromagnetic environment parameters as electric field, 
magnetic field or electromagnetic power density which 
are spread to the house and street of the cities (Wu et al. 
2012). Also, measurements are necessary to compare them 
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with standards to verify whether the electromagnetic 
exposure levels are appropriate for limits (Neskovic et al. 
2011). Electromagnetic field distribution measurements 
can be used to determine compliance with exposure limits 
(Higashiyama, Tarusawa 2011). The number and distribu-
tion of base stations are more densely in populated areas 
than in non-populated areas (Viel et al. 2009). Base sta-
tions operating in densely populated cities in GSM 900, 
1800 and 2100 MHz frequency bands are continuously 
evolving due to the conditions of competition and the 
need of better response to increasing customer demands. 
This evolution is carried out by replacing base antennas 
with new high-gain antennas or establishing a new base 
station in the targeted area. Naturally, electromagnetic 
field density of environment has also changed in paral-
lel to this evolution process. Because of changing process, 
people living near base stations, especially in indoor pla-
ces, may be exposed to several times more electromagne-
tic field than those living farther away from base stations. 
Excessive exposure of people to electromagnetic fields can 
be avoided by positioning the base antennas appropriately 
(Alanko et al. 2008). 

Intensity of electromagnetic radiation emitted from 
base station antennas changes according to parameters 
such as being in the main lobe of antenna, distance from 
the antenna and exposure duration (Baltrenas et al. 2012). 
Unnoticed continuous exposure situation occurs for a 
human being who lives against or near the base station 
antennas or spends a considerable time there. Therefore, 
monitoring the trend of increasing electromagnetic field 
in GSM frequencies by performing control measurements 
at indoor places in parallel with the evolution of base sta-
tions in cities are important to determine the involuntary 
exposure to electromagnetic radiation. Information deri-
ved from these studies is used to control the levels and 
estimate the future values of electromagnetic radiation in 
cities and specify the minimum electromagnetic exposure 
possibility (Çerezci, Şeker 2010). 

In this study, GSM frequency-based electromagnetic 
radiation was measured especially in living areas closest 
to the base antennas and change of electromagnetic expo-
sure over the years investigated during a 3-year period 
starting from 2010. Measurements were performed in 
Turkey’s fourth largest metropolis Bursa’s 300000-popula-
ted Nilüfer district. 86 and 98 measurements were perfor-
med at indoor locations in 2010 and 2011, respectively. In 
2012, with increasing number of base stations, 228 GSM 
frequency-based electromagnetic radiation measurements 
were done at indoor and outdoor locations. 61 measure-
ments were performed at outdoor locations like bus stops 
and frequently used, crowded points in front of the main 
lobe of base station antenna that are mounted on the street 
lighting poles. Briefly, during 3-year period, 412 measure-
ments were performed at 250 locations (189 indoor and 61 

outdoor) in the distance 15–40 meters from the base sta-
tions. 64 of 250 locations investigated over 3 years (2010 
to 2012), 34 investigated twice(2010–2011 or 2011–2012) 
and 152 investigated only one time (14 in 2010 and 138 
in 2012). 

The measurement results were compared with 
ICNIRP and national exposure limits. Also, the increase 
trends in graphics were interpreted by years. The aim of 
the regulations of EMF’s are to protect people from dis-
comforting effects. Therefore, maximum potential fields 
need to be determined at so called “sensitive areas” in 
principle rooms which are used by people regularly for 
continuous periods. 

This study is an updated version of previous studies 
(Baltrenas et al. 2012; Bernardi et al. 2000; Viel et al. 2009; 
Wu et  al. 2012) that had been published. The measure-
ment period and the continuity of the study are the main 
differences. This study showed continuation and measu-
rements were repeated in same places every coming year 
from 2010. Meanwhile, Nilüfer municipality had announ-
ced the results of the measurements as an annual report to 
increase public awareness on this subject and help people 
to monitor electromagnetic exposure level in Nilüfer city. 
During 3-year period, with repeated and continuous mea-
surements, involuntary exposure to electromagnetic fields 
at indoor/outdoor environments, especially at sensitive 
areas, was controlled and analyzed. These measurements 
are helpful to obtain relatively homogeneous distribution 
of electromagnetic field exposure at indoor/outdoor en-
vironments near base station antennas and to minimize 
the exposure to electromagnetic fields. Also, the presen-
ted measurement data, in this study, is expected to reflect 
the general pattern of electromagnetic exposure level in 
the distance 15–40 meters from standardized base station 
antennas in Turkey and also in other countries because 
of the use of similar infrastructure worldwide. But de-
tailed analysis of electromagnetic exposure in particular 
locations needs individual assessment, because of the si-
gnificant variations of exposure level between particular 
locations presented in this study. 

1. Electromagnetic safety regulations

Safety requirements for limiting exposure to time varying 
electric and magnetic fields are enforced by regulations. 
At international level, safety guidelines for electromagne-
tic exposure of workers/general public and controlled/un-
controlled environments have been issued by the Interna-
tional Commission on Non-Ionizing Radiation Protection 
(ICNIRP 1998), American National Standards Institute 
(ANSI) and Federal Communication Commission (FCC) 
and some of the other regularly boards. 

The ICNIRP guidance’s for EMF exposure which 
GSM base stations must satisfy changes between 41 V/m 

http://tureng.com/search/appropriately
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and 61 V/m depending on the operating frequency. Some 
countries such as Switzerland, Italy and Poland have ap-
plied lower limits in sensitive areas from ICNIRP levels. 
The limits for the total EMF’s from GSM base station an-
tennas are 5 V/m in Switzerland and 7 V/m for Poland. 
The regulations for GSM frequency range have been ge-
nerated with reference to the ICNIRP regulations by BTK 
(Information and Communication Technologies Autho-
rity) in Turkey. Total GSM exposure limits generated by 
BTK are equal to ICNIRP reference levels. 

Maximum permissible exposure limits for single 
GSM and total environment at GSM frequencies presen-
ted in BTK guidelines are given in Table 1 and 2. Single 
GSM exposure limit for electric field is 1/4 of total GSM 
exposure limit of BTK and ICNIRP reference level. Also, 
single GSM exposure limit for power density is 1/16 of 
total GSM exposure limit as given in Table 2.

Due to the signals emitted from base station an-
tennas at different frequencies, the electromagnetic field 
exposure study was focused on measuring the total of all 
GSM frequencies at any point of the city.

A comparison table among the reference level of Tur-
key, Switzerland, Italy and Poland are given in Table 3. As 

it can be seen from the table that the total limit levels of 
Turkey for electric field is seven-eight times greater than 
other countries and at least 50 times greater for power 
density.

2. Measurement and method

In this study, with the partnership of Bursa-Nilüfer muni-
cipality public health department and Sakarya University, 
412 electromagnetic field measurements were performed 
at sensitive places of residents and streets near base sta-
tions between 2010 and 2012. At the first step of the pro-
ject, houses to be measured were decided at the locations 
where active base station existed. The choice of locations 
was made in cooperation with Bursa-Nilüfer municipality 
public health department. The parameters as whether the 
location of measurement point was in front of the main 
lobe of the base antenna or not and distance to the base 
antenna used for evaluation of the measurement results 
were taken into account during the decision process. 
Then, permissions required for the measurement program 
were taken from the people living in the houses. During 
3-year period, the decision and permission steps repeated 
at the beginning of every year. 

In 2010 and 2011, base stations in Nilüfer district 
were located on the roof of the buildings. Due to this si-
tuation, measurements were performed in the rooms of 
houses at the upper floor of the neighbour buildings to 
determine the total maximum exposure. In 2012, it was 
noticed that in addition to the base station antennas pla-
ced on the roof of the buildings, new base stations anten-
nas were mounted on the street lighting poles at a height 
of 4–5 meters located through the street. The base stations 
on the lighting poles were located frequently on the streets 
and the number of base stations increased by 25% in the 
city due to this application. Finally, the measurements in 
the last year were performed at locations such as bus stops 
located in front of base antennas or on the way of people 
used for going to their homes and works where base sta-
tion antennas were placed on lighting poles. Street measu-
rements that consist can give an idea about determining 
the electromagnetic field levels at people’s walking and 
transition areas placed opposite to the increasing base sta-
tion placement application on low altitude street lighting 
poles. 

All spot and continuous measurements were done 
at far field of base antennas by using PMM 8053 bro-
adband field meter with EP33M isotropic E-field Probe 
700 MHz-3GHz, Narda NBM 550 broadband field me-
ter with EF0691 isotropic E-field Probe and Narda SRM 
3006 Selective radiation meter with 27 MHz-3 GHz iso-
tropic E-field Probe. The broadband field meter measu-
res instantaneous field strength of all signals presented 
in a large frequency band. Therefore, broadband field 

Table 1. Maximum permissible exposure limits at GSM 
frequencies presented in BTK guidelines (electric field)

Frequency
GSM Band Electric 

Field Strength (V/m)
(Single GSM)

GSM Band Electric 
Field Strength (V/m)

(Total GSM)
900 MHz 10.23 41.25
1800 MHz 14.47 58.34
2100 MHz 15 61

Table 2. Maximum permissible exposure limits at GSM 
frequencies presented in BTK guidelines (power density)

Frequency
GSM Band Power 
Density (W/m2)

(Single GSM)

GSM Band Power 
Density (W/m2)

(Total GSM)
900 MHz 0.28 4.5
1800 MHz 0.56 9
2100 MHz 0.66 10.5

Table 3. Maximum permissible total exposure limits of Turkey, 
Italy, Switzerland and Poland at GSM frequencies 

Country
(Total Environment)

GSM Band 
Electric Field 

Strength (V/m)

GSM Band Power 
Density (W/m2)

Turkey 41–61 4.5–10.5

Italy 6 0.1

Switzerland 5 0.042–0.095

Poland 7 0.1
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meter cannot distinguish between signals coming from 
different transmitting sites. This does not expose a gre-
at problem when measuring field levels are in regard to 
limits recommended by ICNIRP regulations which ran-
ge up to 61 V/m. Electric field values at other frequency 
bands except GSM frequency were found to be lower than 
0.01 V/m via using spectrum analyzer at the measurement 
points. Thus, signal level outside GSM frequency bands 
was recognized ineffective and total in addition to the 
base station antennas placed on the roof of the buildings. 
Electromagnetic field measurements were considered at 
900/1800/2011 MHz frequencies. 

Measuring techniques used in the study were based 
on recommendations specified in standards. Measure-
ments were performed at the far field of the base station 
antennas. According to several guidelines, the exposure 
to radiofrequency electromagnetic fields is quantified in 
terms of measured electric field (V/m) and estimated po-
wer density (W/m2) that are the main physical parameters 
which have been assessed in this study. 

All measurements were performed between 11:00 
and 16:30 via a field meter placed on a tripod. Electric 
field measurements at each selected points were perfor-
med for different heights from the floor as 1 m, 1.5 m and 
1.7 m for 6 minutes durations. All measurements were 
repeated at different hours of measurement period and a 
difference of 25–30% was noticed at some measurement 
results. Due to these differences, the highest field strength 
value was recorded as the measurement value of selected 
point. Distance between measurement points and base 
station antennas varied from 15 m to 40 m. The diversity 
of distances resulted from physical conditions of measu-
rement points. Vertical difference between measurement 
point and base station antenna was measured from 0 to 
25 m and horizontal difference was from 12 to 35 m. All 
distances were measured with Leica Disto D8 laser meter 
(0.2–200 m range). 

The study was repeated in 2011 and 2012. In the 
second and third years of program, a great attention was 
paid for doing measurements at the same points and con-
ditions of previous years (time period, weekday, weather 
condition). New-built settlements, ascending number of 
base stations, base stations that undergo revisions (di-
rection or tilt change, replaced antennas) caused an incre-
ase at the number of measurements by years. A few base 
stations removed completely or moved to another places. 
So the change of the electromagnetic environment was in-
vestigated at the same locations and conditions over the 
previous year. 

During measurements, it is aimed to prevent measu-
rements from the effects of the operator and suppress the 
uncertainty of measurements by using the same measure-
ment method, same measurement setup and performing 
the measurements at same conditions. But many other 

factors affect the measurements like intensity of commu-
nication traffic, weather, physical conditions or device and 
probe based uncertainties. Uncertainties of probes and 
devices, used in this study, can be determined from the 
calibration certificate documents of measurement devices 
and listed in Table 4.

Table 4. Uncertainties of E-field measurement devices 
calibration

NBM550 EF Probe SRM 3006 E Probe
Frequency 

(MHz)
Uncertainty 

(dB)
Frequency 

(MHz)
Uncertainty 

(dB)
0.1–100 0.5 26–300 1
200–300 0.8 433–1600 1.5

500–1000 1.5 1900–3000 1
1800–6000 0.6 – –

Measurements were also repeated in same conditions 
to confirm the measurement results and to overcome the 
effect of uncertainties like communication traffic, weat-
her etc. Some different results were determined in terms 
of the overall effect of the uncertainty of measurement as 
(25–30)% on measurement results and the highest results 
were taken into account as measurement results. 

At the end of the project, electromagnetic environ-
ment at homes and streets near the base stations in Nilüfer 
district was analyzed and change of electromagnetic en-
vironment was observed during three years. The electro-
magnetic fields radiated from transmitters of base stations 
measured between frequencies from 700 MHz to 3 GHz. 
900 MHz, 1800 MHz and 2100 MHz GSM frequencies 
were especially focused on. Frequency level measurement 
was realized with spectrum analyzer when needed. The 
distribution of the measured values, analysis of statistical 
situation and review in terms of national and international 
limits were given with the graphs.

3. results

In this study, the electromagnetic field measurement re-
sults obtained between 2010 and 2012 in Bursa/Nilüfer 
are presented. 86, 98 and 228 measurements were perfor-
med in 2010, 2011 and 2012, respectively. Electromagne-
tic exposure was undertaken at indoor and outdoor lo-
cations at vicinity of the base station antennas over three 
years in the city. An assessment was made by comparing 
the measured electric field levels with guidelines on li-
miting people exposure published by ICNIRP and other 
regulations which have been applying exposure of the 
precaution limits. The measurement values for all points 
and levels according to the limits are given graphically. In 
addition, the numerical distributions of electric field me-
asurements are given in graphs. Also, the changing level 
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of the results according to years are presented in the stu-
dy. The total electromagnetic exposure with GSM band 
frequencies quotients due to all GSM signals frequencies 
with 900/1800/2100 MHz measured ranged from 0.3% to 
27% of the ICNIRP reference levels for exposure of the 
general public(for 900 MHz). The results of this work may 
be useful to gain information on public exposure to total 
electromagnetic fields from GSM antennas. Also uptren-
ding rate of the electromagnetic power density determi-
ned in the environment of sensitive areas with respect to 
year by year.

The measurement results are presented with the 
graphs by years. The information contained is given both 
in graph titles and figure captions. The measurement va-
lues for all measurement locations are given in Figures 1, 
4 and 7 for 2010, 2011 and 2012 respectively. Limit levels 
of Turkey (for single GSM and environment), Switzerland 
and Poland are also given in graphs. Numerical distribu-
tions of electric field measurements are given in Figures 2, 
5 and 8 by years, respectively. The numerical distribution 
of all measurements performed during 3-year period is gi-
ven in Figure 10. In addition, distribution of electric field 
measurements by distance are given in Figures 3, 6 and 9 
for 2010, 2011 and 2012 respectively.

Maximum and average values of electric field mea-
surements are given with ratios by limit values of ICNIRP 
and BTK at Tables 5 and 6 for 2010, 2011 and 2012, sepa-
rately.

It is clear from Table 5 that maximum electric field 
measurement results are quite below the ICNIRP limits 
(max. 27%). However, 2011 maximum value exceeds the 
permissible exposure limits for single GSM and also 2012 
maximum value is nearly equal to the limit value. Accord-
ing to Table 6, average electric field values of each mea-
surement year are below the ICNIRP reference level and 
BTK reference level for single GSM but there is a notable 
increasing trend of average electric field values by years. 

Maximum and average values of power density are 
given with ratios by limit values of ICNIRP and BTK at 
Tables 7 and 8 for 2010, 2011 and 2012, respectively.

In 2010, 86 electric field measurements were per-
formed at indoor places in homes located in far field of the 
GSM base station antennas and values of measurements 
are shown in Figure 1. All of the measurement results 
were below the national reference level for single GSM 

Table 5. Electric field measurement results – maximum value 
and ratios by reference levels

Year

Maximum 
Electric Field 

Strength
(V/m)

Ratio by 
ICNIRP 

Reference Level
(%)

Ratio by BTK 
Reference Level

(for Single 
GSM) (%)

2010 4.7 12 46
2011 11 27 108
2012 10 24 98

Table 6. Electric field measurement results – averaged values 
and ratios by reference levels

Year

Average 
Electric Field 

Strength
(V/m)

Ratio by 
ICNIRP 

Reference 
Level(%)

Ratio by BTK 
Reference Level

(for Single GSM) 
(%)

2010 0.91 2 9
2011 1.38 3 13
2012 1.54 4 15

Table 7. Power density estimation – maximum values and 
ratios by reference levels

Year

Maximum 
Power Density 

Strength
(mW/m2)

Ratio by 
ICNIRP 

Reference Level
(%)

Ratio by BTK 
Reference Level

(for Single 
GSM) (%)

2010 59.8 1 21
2011 321 7 114
2012 267 6 95

Table 8. Power density estimation – averaged values and ratios 
by reference levels

Year

Average 
Power Density 

Strength
(mW/m2)

Ratio by 
ICNIRP 

Reference Level
(%)

Ratio by BTK 
Reference Level

(for Single 
GSM) (%)

2010 2.2 0.05 0.8
2011 5.1 0.11 1.8
2012 6.3 0.14 2.3 Fig. 1. Electric field measurement levels of GSM frequencies at 

the locations in 2010
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and ICNIRP limits. The maximum electric field strength 
reached 4.7 V/m and below the reference levels. The maxi-
mum exposure was 12% of ICNIRP limits and 46% of na-
tional reference level for single GSM as shown at Table 5.

In 2010, power density values at measurement lo-
cations were in range from 0.17 to 59.8 mW/m2. The 

Fig. 2. Distribution of electric field levels at GSM frequencies 
(2010)

Fig. 3. Distribution of electric field levels by distance (2010)

Fig. 4. Electric field measurement levels of GSM frequencies at 
the locations in 2011

maximum power density value is 21% of BTK single GSM 
reference level and also 1% of ICNIRP limit. Average pow-
er density of locations in 2010 was 2.20 mW/m2.

Also, numeric distribution of 2010s electric field 
measurements is given in Figure 2. It is noticed that 97% 
(83 of 86) of the measurements are lower than 3 V/m and 
73% (63 of 86) are lower than 1 V/m. Due to these electric 
field values, average value of measurements was calculated 
0.91 V/m as given at Table 6. Average value of the mea-
surements was 11 times lower than national reference level 
for single GSM and 2% of ICNIRP limits (for 900 MHz). 

Distribution of electric field measurements by dis-
tance are given in Figure 3. It is clear that higher mea-
surement results are located close to base station antennas 
(mostly located from 15 m to 25 m). The highest electric 
field value was measured at one of the closest locations 
(4.7 V/m at 15 m distance). 23 of 86 measurement results 
were greater than 1 V/m. 9 of measurement results were 
located between 15 m to 20 m and 8 of them between 
20  m to 25 m. With increasing distance, measurement 
values were decreasing and mostly 0.5 V/m and smaller 
values were measured from 25 m and further distances. 
This graphic also showed and proved the inverse relation 
between distance and electric field strength.

In 2011, 98 measurements were performed at indoor 
places at homes located in the far field of GSM base sta-
tion antennas and values are shown in Figure 4. 72 of 98 
measurements were repeated measurements at same loca-
tions of previous year and 26 new measurement locations 
added to these locations. All except one of the measure-
ment results were below the national reference level for 
single GSM. The maximum electric field strength was 
11 V/m and 27% of ICNIRP limits. Also, it was noticed 
that maximum electric field measurement value was high-
er than national reference level for single GSM and equal 
to 108% of national reference level. 

In addition, different electric field values are noticed 
at some measurement points compared to previous year 
during analyzing the repeated measurements. 34 of 72 
measurement values increased and 12 decreased. Mea-
surement results in 26 locations were identified as equal in 
both years. Uncertainty of measurement devices are also 
taken into account during analyzing process. 

Power density values ranged from 0.06 to 321 mW/m2. 
The maximum power density value is 114% of BTK refer-
ence level for single GSM and 7% of ICNIRP and BTK total 
reference level. Average power density was 5.1 mW/m2.

In Figure 5, distribution of electric field levels are 
shown by numerical ranges of measurement results. Due 
to Figure 4, 3% of measurement values (3 of 98) are high-
er than 5 V/m and only 1% greater than 10 V/m. Elec-
tric field values are below 3 V/m at 94% of measurement 
points (92 of 98) and below 1 V/m at 48% (47 of 98).

Average value of measurements was 1.38 V/m in 
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increased 12% against 2011 average value of measure-
ments and 69% against 2010. According to the compari-
son of 2011 and 2012 measurements, it was observed 
that the number of measurements higher than 1 V/m in-
creased 217% and raised from 51 to 111. Also, number of 
measurements higher than 3 V/m nearly quadrupled and 

Fig. 5. Distribution of electric field levels at GSM frequencies 
(2011)

Fig. 6. Distribution of electric field levels by distance (2011)

Fig. 7. Electric field measurement levels of GSM frequencies at 
the locations in 2012

2011. It was 13% of BTK national reference level for 
900 MHz and 30 times smaller than ICNIRP reference 
level as shown at Table 6. Average electric field strength 
increased 51% against 2010 average value of measure-
ments. According to the comparison of 2010 and 2011 
measurements, it was observed that the number of mea-
surements above 1 V/m increased 121% and raised from 
23 to 51. Also, 100% increase was noticed at number of 
measurements above 3 V/m (from 3 to 6). 

In Figure 6, distribution of electric field measure-
ments by distance in 2011 is given. 50% of measurement 
locations are between 15 m to 25 m. 30 of 51 electric field 
measurements greater than 1 V/m are located between 
15–25 m scale. The highest electric field value was mea-
sured at 16 m away from the related base station. With 
increasing distance, measurement values were decreasing 
and mostly 0.75 V/m and smaller values were measured 
from 25 m and further distances. 23 of 30 measurement 
values are smaller than 1 V/m between 30–40 m scale. 

Electric field measurement levels of 2012 are shown 
in Figure 7. Differ from 2010 and 2011, number of me-
asurements increased and 228 measurements were per-
formed. 90 of 228 measurements were repeated measure-
ments at same locations of previous year and 138 new 
measurement locations added to these locations. The 
main reason of increasing number of measurements is 
new base stations antennas mounted on the street lighting 
poles at a height of 4–5 meters located through the street. 
Also, new settlements and base stations that undergo re-
visions are the other reasons of increase. 

The maximum electric field strength was measured 
as 10 V/m and was equal to 98% of national reference 
level for single GSM. Also, it was four times lower than 
ICNIRP limits and the measurement location was previ-
ous year’s highest value measured point. 

90 measurements performed in 2011 were repeated 
in 2012. Compared to 2011 measurement values, 27 of 90 
measurement values increased and 7 measurement values 
decreased. Measurement results at 56 locations were iden-
tified as equal in 2011 and 2012. 

In 2012, Power density values ranged from 0.08 to 
267 mW/m2. The maximum power density is 95% of BTK 
reference level for single GSM and 6% of ICNIRP and 
BTK total reference level. Average power density was in-
creased to 6.3 mW/m2. 

Distribution of measurement values by numerical 
ranges are given in Figure 8. 3% of all measurement va-
lues (7 of 228) are greater than 5 V/m. It is noticed 51% of 
measurements (117 of 228) are below 1 V/m and 90% of 
measurements (205 of 228) are less than 3 V/m. 

In 2012, average value of measurements was 
1.54 V/m and continued increasing. It was 4% of ICNIRP 
limits and 15% of national reference value for single 
GSM as shown at Table 6. Average electric field strength 

http://tureng.com/search/quadruple
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raised to 23 from 6. The main reason of the increment at 
number of measurements was 61 base station mounted on 
street lightning poles.

Distribution of electric field measurements by dis-
tance in 2012 are given in Figure 9. The highest mea-
surement values are clearly close to base station antennas 
and located between 15 m to 25 m. All of the measure-
ment values greater than 3 V/m are located closer than 
or equal to 25 m. 111 measurement results were greater 

than 1 V/m. 48 of measurement results were located be-
tween 15–20 m and 32 of between 20–25 m. With increas-
ing distance, measurement values were decreasing and 
mostly 0.75 V/m and smaller values were measured from 
25 m and further distances. Some values are greater than 
0.75 V/m located in this scale. 

In 2012, number of measurement locations were in-
creased due to newly installed base stations mounted on 
street lightning poles. These base antennas mounted at a 
height of 8–10 m from the ground and distances between 
base antenna and measurement locations are generally 15 
to 25 m. Due to this situation, differ from Figures 3 and 6, 
number of measurements between 15 to 25 m are increased 
as shown in Figure 9. Compared to Figures 3, 6 and 9, the 
increase of measurement results between 1–2 V/m scale 
mostly depended on these new installations. 

With this detailed and long-term work, large num-
bers of measurements were realized. Many significant 
results have been obtained with analyzing and evaluating 
the result of measurements. First of all, it can be easily 
seen that the limit values are much greater than the real 
environment results. All except one of the electric field 
measurement values are lower than single GSM base sta-
tion limit value (10.23V/m for 900 MHz frequency) and 
all of measurement results are lower than ICNIRP and 
BTK total GSM exposure reference levels. 97% of measu-
rement values are below 5 V/m and 84% are below 2 V/m 
as shown in Figure 10. In this context, total environment 
limit values (41–61 V/m) are pointed out an extreme-
ly high level and current limit values should be revised 
and lowered. If electromagnetic fields in sensitive places 
is desired to be constituted homogeneous distribution, the 
regulation limits can be lower to 5 V/m from 41–61 V/m. 

Countries have used different limit values for electric 
field strength. Some countries such as Switzerland, Italy 
and Poland have applied lower limits than ICNIRP levels 
in sensitive areas. Also countries like France, Germany, 
Spain, Sweden, Cyprus, Finland, Austria, Ireland and 
UK have set ICNIRP limits (41–61 V/m) for electric field 
exposure (Stam 2011).

During 3-year period, it was observed that all of the 
measurement results higher than 3 V/m were located 
between 15 to 25 m away from base station antennas. 20 
of 32 measurement results were 15 to 20 m and the rest 
were 20 to 25 m. This situation mostly resulted from se-
lection of emission points of the base stations close and 
at same height to the homes or crowded outdoor places. 
The combination of this situation with high electromagne-
tic exposure limits applied in Turkey can be caused high 
measurement results. Therefore, placement of base station 
antennas was also an important factor to be considered 
during the planning phase. 

412 measurements were performed at 250 locations 
(189 indoor and 61 outdoor) from stations 2010 to 2012. 

Fig. 8. Distribution of electric field levels at GSM frequencies 
(2012)

Fig. 9. Distribution of electric field levels by distance (2012)

Fig. 10. Distribution of electric field levels at GSM frequencies 
(2010–2012)
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64 of 250 locations investigated over 3 years (2010 to 
2012). Measurement results at 12 locations were identified 
as equal during measurement period and measurement 
results changed at 52 locations. Electromagnetic exposure 
level at 19 of 64 locations increased over 3 years. Also, at 3 
of 64 locations, electromagnetic exposure level decreased 
continuously during measurement period.

Average measurement results show that the electro-
magnetic exposure at residential areas increased conti-
nuously during 3-year period as shown at Tables 6 and 8. 
Due to increasing population and demand, new base sta-
tions installed and revisions made at some base stations 
(change of tilt or/and direction, replace base antennas 
with powerful antennas, relocated or removed base sta-
tions). Also, new-built settlements around base stations 
and base station mounted on street lightning poles caused 
the increment of electromagnetic exposure at indoor and 
outdoor places at the vicinity of base stations. 

Average electric field values increased from 0.91 V/m 
to 1.54 V/m. 69% increase determined from 2010 to 2012. 
The highest average value was 1.54 V/m in 2012 and 7 ti-
mes lower than BTK single GSM reference level. Also, 
power density values showed the same characteristics and 
increased from 2.2 mW/m2 to 6.3 mW/m2. About 200% 
increase noticed from 2010 to 2012 at average power den-
sity values. The maximum average value that obtained 
in 2012 was 2.3% of BTK reference level for single GSM 
(900 MHz). 

Average exposure levels obtained from the study are 
quite below compared to the limits. But increase of ave-
rage values during 3-year period is remarkable and evo-
lution of electromagnetic exposure must be monitored 
carefully at coming years. 

conclusions

In this study, electromagnetic exposure levels were de-
termined especially for the indoor and outdoor environ-
ments near base station antennas at Bursa/Nilüfer district 
via 412 electromagnetic field measurements from 2010 
to 2012. Bursa/Nilüfer district is a growing city with its 
300000 population. It can be stated that there are varia-
tions between measurements values by years. The main 
reason of variations are new established or removed base 
stations, revisions of local old base stations and new built 
settlements in the city. 

It was understood from the repeated measurements 
at same points that evolving GSM base antennas, appli-
cation of ICNIRP limits at the highest levels and incre-
asing number of the base stations based on the rapid 
progress at communication technology caused electroma-
gnetic exposure at indoor places ranging from 0.3 V/m to 
11 V/m for 15 m to 40 m distances between measurement 
points and base station antennas in Nilüfer/Bursa. 

It is noticed that none of the measurement values ex-
ceeded the ICNIRP reference level and only one value is 
greater than national BTK reference level for single GSM 
at 900 MHz (11 V/m in 2011).

According to measurement results, 97%, 92% and 
84% of measurement values are lower than 5 V/m, 3 V/m 
and 2 V/m, respectively. 5 V/m or greater values were 
measured at 10 of 412 measurements (3 in 2011 and 7 in 
2012) and 3 locations were same places in 2011 and 2012. 

32 of 412 measurement results were greater than 
3 V/m. 20 of 32 measurement results were located between 
15 to 20 m and the rest were 20 to 25 m. Selection and 
placement of base station antennas is also an important 
factor to be considered during the planning phase. 

Average electromagnetic exposure levels in sensitive 
places has risen up by 3-year period. In 2010, average elec-
tric field value was 0.91 V/m and increased to 1.38 V/m 
and 1.54 V/m in 2011 and 2012, respectively. During 
3-year period, an increase of 69% was determined and 
this instant increase has to be monitored in coming years 
and some precautions taken into account. This increase 
can contain data’s that will be basis for long term studies, 
such as 5–10 years.

According to measurement values and numerical dis-
tribution, possibility of controlling electric field levels below 
5 V/m can be questionable to minimize the electromagnetic 
exposure radiated from GSM antennas in living areas. Also, 
this study shows that it may be reasonable to apply precau-
tion limit values used in Switzerland, Italy and Poland. 

Electromagnetic power density limits of ICNIRP 
were not exceed indoor places of the residences during 
measurement period. 

Average electromagnetic power density has increased 
from 2.20 mW/m2 to 6.29 mW/m2 during 3-year period. 

It is important to note that present threshold limits 
described by the ICNIRP are considered to be rather too 
generous and hence there is a need to review the limits. 
Some countries like Switzerland, Poland and Italy use lo-
wered reference levels. These applications prove that lower 
reference levels can be applied successfully. To control the 
electromagnetic exposure in Turkey restricting ICNIRP 
reference limits as given European countries can be 
recommended as more accurate method. 

This research shows an increasing trend emerging in 
the electromagnetic field by years of exposure values and it 
can be reference to discuss possible situations will be cau-
sed by the rapid development of communication techno-
logy that concern every country on the world. As a result, 
it is clear that keeping the electromagnetic exposure limits 
as low as possible is the most efficient and correct appli-
cation to reduce and control the continuous involuntary 
electromagnetic field exposure.

Safety concern regarding the biological effects of 
electromagnetic radiation including low level of exposure 



O. Çerezci et al. Analysis on trending electromagnetic exposure levels at homes and proximity next to base stations...80

have been raised. Long time exposure to radiation of GSM 
transmission antennas in rooms near the base station an-
tennas is a fact to be considered. And the potential biolo-
gical effects of exposure to these sources are to take into 
account.
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