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Abstract: This study aimed to estimate the radiofrequency exposure levels in the vicinity of nursery
and primary schools at the northwest part of Crete island in Greece. Moreover, the compliance
with the exposure limits, according to Greek legislation, was investigated. A total of 396 in situ
frequency-selective and broadband measurements were conducted around 69 schools, classified in
urban and suburban environments, in the range of 27–3000 MHz (subdivided in seven frequency
bands). The measured value of the electric field strength (V/m) was recorded and, subsequently, the
exposure ratio was calculated. Statistical analysis was performed in order to analyze and evaluate
the data. In addition, a worst-case scenario was examined by considering the highest measured
exposure level around each school. The statistical tests indicated that the mean and median values of
the exposure ratio, even in the worst-case scenario, were found well below 1 for all frequency bands.
The calculated distributions of the electric field measurements demonstrated that almost 90% of the
latter were below 1 V/m, with the majority of values lying in the range of 0.5–1 V/m. The main
contributors to the total exposure were the mobile communication frequencies and broadcasting,
while the exposure was greater in urban than in suburban environments.

Keywords: electromagnetic field measurements; exposure assessment; exposure ratio; general public
exposure; in situ measurements; nonionizing electromagnetic fields

1. Introduction

The operation of radio-frequency (RF) electromagnetic field (EMF) sources, especially
in residential areas, has been a matter of concern over recent years. The growing demand
for wireless communications in recent decades has resulted in the installation of a rapidly
increasing number of RF emitters. Thus, there is a strong interest in assessing the potential
health hazards associated with RF radiation, especially in environments where sensitive
population groups are present such as schools, hospitals, and eldercare facilities. A great
number of experimental studies have been performed in an attempt to evaluate the exposure
of the public to nonionizing radiation emitted by RF sources. A systematic review of the
studies conducted in Europe between 2000 and 2015, on the public RF exposure in everyday
environments, has been presented by Sagar et al. [1]; an update for the period between
2015 and 2018 has also been reported [2].

Information about RF exposure levels in environments relevant to children, such
as schools, kindergartens, and playgrounds, may be found in the literature [3–11], but,
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generally, the investigation of children’s EMF exposure is somewhat limited. Outdoor and
indoor environmental, as well as personal, RF exposure has been examined in places where
children are mostly present. Bhatt et al. [3] conducted EMF measurements in kindergartens
in Melbourne, Australia; Gallastegi et al. [4] carried out spot and personal measurements
in homes, schools, and parks in Spain; Yener et al. [5] performed spot measurements
at RF and extremely low-frequency (ELF) bands inside and outside school buildings in
Turkey; while the personal exposure of children to RF-EMF radiation in Europe has been
extensively studied by Birks et al. [6]. Moreover, several researchers have examined the RF
exposure of children in microenvironments, by conducting indoor measurements in homes,
schools, and crèches in Belgium and Greece [7] and in Amsterdam schools [8]. In addition,
a study of the temporal variation in children’s RF exposure in homes and schools has been
presented [9].

Recently, Christopoulou and Karabetsos [10] reported the results of an experimental
campaign carried out by the Greek Atomic Energy Commission (EEAE); in situ measure-
ments of RF-EMFs and ELF electric and magnetic fields were carried out in children’s
playgrounds all over Greece, in urban and suburban areas. Furthermore, a statistical analy-
sis for the RF exposure levels in Greek schools, based on pilot measurements conducted in
65 schools, was presented by Kiouvrekis et al. [11]. Other studies, regarding the general
public RF exposure in Greece, include the continuous monitoring of the EM radiation in
the environment [12,13], the performance of measurements in the vicinity of base stations
all over Greece [14], and the development of a national telemetric network to monitor
the EMF levels from all kinds of antenna stations in the range of 100 kHz–7 GHz [15]. In
addition, the occupational exposure to EMFs has been investigated in specific workplaces
in Greece [16].

In this study, we present the results of frequency-selective and broadband EMF mea-
surements conducted around schools in Crete island, Greece, in the frequency range of
27 MHz–3 GHz. The electric (E-) field strength was recorded in seven specific bands, as
well as in the whole aforementioned range. The exposure ratio was calculated and the
results were statistically analyzed and evaluated by examining the compliance with the
established exposure reference levels for RF exposure in Greece.

2. Materials and Methods

The EMF measurements were conducted during an experimental campaign of the
Telecommunications and Electromagnetic Applications Laboratory of the Department of
Electronic Engineering of the Hellenic Mediterranean University, on RF exposure levels
estimation in the vicinity of nursery and primary schools at the broad area of the munici-
pality of Chania (population about 110,000), which is located in the northwest part of Crete
island in Greece. The time period of the measurement campaign was during May, June,
and September 2018.

The selective radiation meter SRM-3006 (Narda Safety Test Solutions, Pfullingen, Ger-
many) at 9 kHz–6 GHz was used. The Narda 3501/03 three-axis (isotropic) E-field antenna
(frequency range: 27 MHz–3 GHz, dynamic range: 0.2 mV/m–200 V/m) was adapted to
the basic unit. The expanded measurement uncertainty for the electric field strength, in
conjunction with the SRM basic unit and 1.5 m RF cable, valid for the temperature range
of +15 ◦C to +30 ◦C, is +3.3/−5.3 dB (worst case) according to the Narda datasheet [17].
However, the estimated sampling uncertainty should also be taken into account by sum-
ming the squares [18]. Thus, the end result of the calculations for the uncertainty (worst
case) is +4.5/−6.1 dB (confidence level 95%).

The measurements were conducted around 69 nursery and primary schools, named
simply as schools hereafter. Calibration was performed at the beginning of the measurement
set, in the vicinity of each school. The points of interest were selected in the vicinity of
each school by surveying the area and avoiding proximity to objects as indicated in [19].
Moreover, the sweep method [19] was used in order to determine the most appropriate
measurement locations.
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The radiation meter SRM-3006, in connection with the three-axis E-field antenna, has
the capability to perform broadband and frequency-selective measurements simultane-
ously. The result of any broadband measurement, as given by the radiation meter, is a
single value of the electric field strength that corresponds to the entire frequency range
(i.e., 27 MHz–3 GHz) and is denoted as “total” in the last line of Table 1. The frequency-
selective measurements comprise recordings of the electric field strength from 7 distinct
frequency bands; the latter are listed in the first column of Table 1.

Table 1. Statistics for Ej
f and λ

j
f for all measurement data and p-values obtained from the Mood’s

median tests between urban and suburban environments.

Frequency Band
(MHz)

E-Field ( Ej
f) (mV/m) Exposure Ratio ( λ

j
f) Mood’s Test

Min Max Mean SD Median Min Max Mean SD Median p-Value

27–879 36.93 2382.0 444.15 259.14 344.00 0 1.250 0.058 0.119 0.026 0.155
879.1–961 34.17 316.3 65.75 42.90 48.26 0 0.010 0.001 0.001 0.000 0.004
961–1709 61.32 963.0 175.04 104.95 134.65 0 0.085 0.004 0.008 0.002 0.042

1709.1–1881 30.32 1070.0 112.19 99.54 77.93 0 0.059 0.001 0.004 0.000 0.042
1881.1–1919 29.05 275.5 47.11 29.04 36.06 0 0.004 0.000 0.000 0.000 0.042
1919.1–2171 92.65 902.2 156.10 101.62 115.80 0 0.037 0.002 0.004 0.001 0.012
2171.1–3000 19.93 2482.0 441.88 272.71 336.35 0 0.277 0.012 0.026 0.005 0.042

Total 36.93 3861.0 683.03 418.38 524.15 0.006 1.720 0.078 0.162 0.034 0.042

A total of 396 in situ audits were performed. Each audit comprised both broadband
and frequency-selective recordings, as explained in the previous paragraph. The results
were grouped per environment type; 168 audits were conducted around 29 schools in
urban areas, whereas the remaining 228 audits were carried out in the vicinity of 40 schools
in suburban environments. During each audit, measurements were performed with the
radiation meter attached onto a wooden tripod at three different heights: 1.1, 1.5, and
1.7 m [20]. Figure 1 depicts the experimental setup used in this study, i.e., the selective
radiation meter with the isotropic antenna, attached onto the wooden tripod at a height
of 1.1 m.

At each height i (i = 1, 2, 3 for 1.1, 1.5, and 1.7 m, respectively) and frequency band f,
the measured value of the electric field strength (V/m), averaged over 6 min, was recorded
and is denoted by Ej

i, f ; the superscript j is used to identify the specific measurement points;

thus, j = 1, 2, . . . , 396. Hereafter, the mean value of Ej
i, f , i = 1, 2, 3 is taken into consideration,

for the frequency band f, i.e., Ej
f = (1/3)∑3

i=1 Ej
i, f . In the case of exceptionally high

values of the measured electric field strength, an effort was made to pinpoint possible
radiation sources in the area and determine whether the measurement location was along
the direction of the maximum radiation intensity of the source.

The exposure ratio λ
j
f may be defined as [20]

λ
j
f =

 Ej
f

Ej
lim, f

2

, (1)

where Ej
lim, f is the corresponding reference level; the latter is defined by the International

Commission of Non-Ionizing Radiation Protection (ICNIRP) [21]. However, it should be
noted that, according to Greek legislation [22,23], the established reference levels for general
public exposure in the vicinity (i.e., 300 m from the perimeter) of schools and kindergartens
in Greece are set to 60% of the 1999 EU Council’s reference level values [24]. Thus, Ej

lim, f , in
Equation (1), is taken as equal to the Greek reference level in all calculations presented in
this paper (Table 2). The total exposure ratio, for point j, is given by:

Λj = ∑
f

λ
j
f (2)
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Table 2. Reference level Ej
lim, f for general public exposure in the vicinity of schools, according to

Greek legislation.

Frequency Range E-Field Strength Ej
lim,f (V/m)

1–3 kHz 150/f
3 kHz–1.43 MHz 52.2

1.43–10 MHz 67.3/f
10–400 MHz 21.7

400–2000 MHz 1.065·f 1/2

2–300 GHz 47.2
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(b) measurement data recording.

3. Results and Discussion

Table 1 summarizes all measurement data, i.e., from 396 area points, per frequency
band. The minimum and maximum values of Ej

f and λ
j
f , j = 1, 2, . . . , 396, are given together

with the mean, standard deviation (SD), and median value. The first remark about Table 1
is that, even the maximum value of λ

j
f is found well below 1, for all frequency bands except

for the band of 27–879 MHz where the maximum exposure ratio is 1.25. The latter is an
extreme outlier and it may attributed to an antenna located on a roof near the first primary
school, in the suburb named “Kounoupidiana”. This specific measurement corresponds to
location #7 (out of 10), in the vicinity of the aforementioned school, and it was probably
along the main beam of the antenna. Due to the aforementioned outlier, the maximum
value of Λj at the last row of Table 1 is found above the reference level. In addition, Table 1

indicates that the SD of Ej
f and λ

j
f is high, for all frequency bands, a remark that may be
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attributed to the wide distribution of the sample; great SDs have been reported by other
researchers, too [14]. The fact that the SD values of λ

j
f are greater than the corresponding

mean values may be a sign that the distribution of the results is not normal; thus, the
median value (as well as the related parameters, such as the interquartile range shown in
Figure 2) is of greater importance than the mean value of the exposure ratio.
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(a) Total electric field strength E (mV/m) and (b) total exposure ratio Λ.

Mood’s median tests (95% confidence level) were performed in order to determine
whether there exist statistically significant differences in median values of Ej

f and λ
j
f

between urban and suburban environments; the results, per frequency band, are presented
in the last column of Table 1. The latter suggests that all median values for urban and
suburban environments, except for those corresponding to the 27–879 MHz band, are
found to be statistically significantly different, i.e., p < 0.05. Thus, herein, the alternative
hypothesis turns out to be true, i.e., the urban and the suburban environments may be
viewed as different populations (with the exception of the 27–879 MHz band). This is a
reasonable result and it is justified below.

Urban areas differ significantly from the suburbs, as the radiation sources in the former
are generally greater in number and placed much closer to each other, albeit the greater the
number of sources, the less power they emit. In addition, there exist many more obstacles
of any kind (tall buildings, various constructions, reflective surfaces, etc.) in the urban
than in the suburban areas; thus, a direct line-of-sight propagation path is more likely to
occur in suburban than in urban environments. The aforementioned arguments are further
supported by the fact that several well-known propagation models, such as Okumura-Hata,
are quite different for urban and suburban environments; a difference that is expected to be
imprinted in EMF measurements, too. Regarding the p-value obtained for the 27–879 MHz
band, i.e., p > 0.05, it denotes that urban and suburban environments are not statistically
significantly different for this specific frequency range. Applications of the aforementioned
band include mainly broadcast radio and television, with the emitters usually located
outside the cities and the suburbs. Thus, urban and suburban environments may not differ
significantly as far as such sources are considered.

Box-and-whisker plots, per environment type, for the total electric field strength and
the total exposure ratio are depicted in Figure 2. Plots considering all 396 measurement
points are also included therein. It is evident that the interquartile range that corresponds
to the suburbs is narrower than the one obtained for the urban areas, a result that may be
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attributed to the fact that the suburban environments exhibit a more uniform construction
than the urban areas. Moreover, the difference between urban and suburban environments
is a reasonable outcome as the p-values obtained from the aforementioned Mood’s Median
tests were <0.05 (with the exception of the 27–879 MHz band).

Figure 3 summarizes the measured values of the electric field strength (Figure 3a) and
the calculated values of the total exposure ratio Λ (Figure 3b) by plotting the cumulative
distribution, as the percentage of measurements. The range of the E-field strength record-
ings is divided into eight consecutive sub-ranges, as indicated on the horizontal axis of
Figure 3a, whereas the nine sub-ranges of Λ are depicted on the horizontal axis of Figure 3b.
Each shaded bar comprises the values that fall within the denoted sub-range; the light gray
bar corresponds to the percentage of the values that refer to suburban areas, whereas the
remaining (i.e., the dark gray bar) incorporates the urban measurements. For example, in
the first sub-range of Figure 3a (i.e., 0–0.5 V/m), 38% of the E-field measurements were
recorded in urban environments, while the remaining 62% correspond to the suburbs.
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It may be readily verified, from Figure 3a, that the greatest number of measurements,
i.e., almost 90%, correspond to an E-field strength lower than 1 V/m, while only 1% of the
values exceed 2.5 V/m. Moreover, a great percentage (68%) of the measurements are found
between 0.5 and 1 V/m, as denoted by the abrupt increase when the distribution transitions
from the range 0–0.5 to 0.5–1 V/m. Regarding the total exposure ratio (Figure 3b), the vast
majority of values (almost 94%) are lower than 0.2, a remark that ensures compliance with
the established reference levels. Only a very small percentage (i.e., 0.8%) of the values of
Λ exceed 1, and it may be attributed to extreme outliers such as the one mentioned in the
beginning of this Section, in the suburb “Kounoupidiana”.

The original (measured) and certain approximating distributions of the E-field mea-
surements are presented in Figure 4, whereas the corresponding approximating distribu-
tions for the total exposure ratio Λ are depicted in Figure 5. Both urban (Figures 4a and 5a)
and suburban (Figures 4b and 5b) environments are considered. The distributions that
correspond to the original data are depicted in the form of bar graphs. On the one hand,
Figure 4 confirms the familiar remark that the majority of E-field measurements are below
1 V/m, with most of them ranging between 0.5 and 1 V/m. On the other hand, it is evident
from the bar graphs of Figure 5 that most of the total exposure ratio values lie in the range
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of 0 ≤ Λ ≤ 0.2. This is an expected outcome if one considers the results depicted either in
the last line of Table 1 or in Figure 3b.
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Figure 5. Same as Figure 4, but the distributions refer to the total exposure ratio Λ. (a) Urban and
(b) suburban environment.

According to goodness-of-fit tests, the depicted lognormal, gamma, Weibull, and
normal distributions are the most suitable to approximate the measurements in urban
environments, whereas the lognormal, gamma, and normal distributions fit better to
the data obtained for the suburbs. The estimated parameter values for the distributions
depicted in Figures 4 and 5 are listed in Tables 3 and 4, respectively. However, it should
be kept in mind that the great concentration of Λ values in the aforementioned narrow
range make it difficult to find a good approximating distribution, as may be verified from
Figure 5.
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Table 3. Estimated parameters for the distributions that approximate the E-field measurements in
urban and suburban environments.

Environment Distribution Parameter Estimated Value

Urban

Lognormal µ (mean) 6.49
σ (standard deviation) 0.48

Gamma
α (shape alpha) 4.19
θ (scale thita) 178.5 (deg)

Weibull
α (scale alpha) 846.87
β (shape beta) 1.77

Normal
µ (mean) 747.90

σ (standard deviation) 469.06

Suburban

Lognormal µ (mean) 6.37
σ (standard deviation) 0.37

Gamma
α (shape alpha) 6.37
θ (scale thita) 99.79 (deg)

Normal
µ (mean) 635.22

σ (standard deviation) 370.55

Table 4. Estimated parameters for the distributions that approximate the values of the total exposure
ratio Λ in urban and suburban environments.

Environment Distribution Parameter Estimated Value

Urban

Lognormal µ (mean) −2.91
σ (standard deviation) 0.85

Gamma
α (shape alpha) 1.07
θ (scale thita) 0.09 (deg)

Weibull
α (scale alpha) 0.09
β (shape beta) 0.91

Normal
µ (mean) 0.09

σ (standard deviation) 0.17

Suburban

Lognormal µ (mean) −3.13
σ (standard deviation) 0.65

Gamma
α (shape alpha) 1.35
θ (scale thita) 0.05 (deg)

Normal
µ (mean) 0.07

σ (standard deviation) 0.15

Subsequently, a worst-case scenario is examined, i.e., only the highest measured value
is taken into account among all measurements in the vicinity of each school. Thus, a total of
69 audits (as many as the schools) constitute the aforementioned scenario; 29 audits were
conducted in urban areas and the remaining 40 in the suburbs. The results are summarized
in Table 5. It is evident that the mean values of the exposure ratio are slightly higher
compared with the ones given in Table 1. This is an expected outcome as the results of
Table 5 include only the maximum values acquired around each school. However, even in
this worst-case scenario, the mean exposure ratio is well below 1 for all cases examined.
The last column of Table 5 comprises the p-value obtained from Mood’s Median tests
(95% confidence level) in order to investigate the statistically significant differences in
median values of λ

j
f between urban and suburban environments. The result p > 0.05, for all

frequency bands, indicates that the two environments are found as not statistically different.
This outcome may be attributed to the fact that, regarding the worst case, i.e., the highest
possible values of the E-field around each school, the two environment types do not differ
significantly, as expected.
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Table 5. Statistics for λ
j
f for the worst-case scenario and p-value obtained from the Mood’s median

tests between urban and suburban environments.

Frequency Band
(MHz)

Exposure Ratio (λj
f) Mood’s Test

Mean SD Median p-Value

27–879 0.114 0.225 0.033 0.404
879.1–961 0.001 0.002 0.001 0.186
961–1709 0.008 0.015 0.002 0.404

1709.1–1881 0.003 0.009 0.001 0.729
1881.1–1919 0.000 0.001 0.000 0.186
1919.1–2171 0.003 0.007 0.001 0.186
2171.1–3000 0.024 0.050 0.007 0.404

Total 0.154 0.308 0.044 0.404

Box-and-whisker plots for the aforementioned worst-case scenario are presented in
Figure 6. A comparison between Figures 2a and 6a (or Figures 2b and 6b) indicates that
the whole range of values in Figure 6 is narrower, i.e., the whiskers are shorter in Figure 6
than in Figure 2, albeit the interquartile range is slightly wider in Figure 6 than in Figure 2.
This is a reasonable outcome, as the plots of Figure 2 comprise all measurements that,
evidently, span a broader range than the highest values (one for each school) that constitute
Figure 6. Moreover, the familiar remark, derived from Figure 2, that the box for the
suburban environments is narrower than the one that corresponds to the urban areas, may
be verified from Figure 6, too.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 10 of 15 
 

possible values of the E-field around each school, the two environment types do not differ 
significantly, as expected. 

Table 5. Statistics for 𝜆𝑓𝑗  for the worst-case scenario and p-value obtained from the Mood’s median 
tests between urban and suburban environments. 

Frequency Band 
(MHz) 

Exposure Ratio (𝝀𝒇𝒋 ) Mood’s Test 
Mean SD Median p-Value 

27–879 0.114 0.225 0.033 0.404 
879.1–961 0.001 0.002 0.001 0.186 
961–1709 0.008 0.015 0.002 0.404 

1709.1–1881 0.003 0.009 0.001 0.729 
1881.1–1919 0.000 0.001 0.000 0.186 
1919.1–2171 0.003 0.007 0.001 0.186 
2171.1–3000 0.024 0.050 0.007 0.404 

Total 0.154 0.308 0.044 0.404 

Box-and-whisker plots for the aforementioned worst-case scenario are presented in 
Figure 6. A comparison between Figures 2a and 6a (or Figures 2b and 6b) indicates that 
the whole range of values in Figure 6 is narrower, i.e., the whiskers are shorter in Figure 
6 than in Figure 2, albeit the interquartile range is slightly wider in Figure 6 than in Figure 
2. This is a reasonable outcome, as the plots of Figure 2 comprise all measurements that, 
evidently, span a broader range than the highest values (one for each school) that consti-
tute Figure 6. Moreover, the familiar remark, derived from Figure 2, that the box for the 
suburban environments is narrower than the one that corresponds to the urban areas, may 
be verified from Figure 6, too. 

  
(a) (b) 

Figure 6. Box-and-whisker plots for the worst-case scenario described in the text. (a) Total electric 
field strength E (mV/m) and (b) total exposure ratio Λ. 

4. Comparisons 
Table 6 offers a comparison between basic parameters and results of the experiment 

presented herein and pertinent experimental studies found in the literature. An extensive 
review about EMF measurements and evaluation of the RF exposure is beyond the scope 
of this paper; only certain studies are included in Table 6 for the sake of comparison. 

Figure 6. Box-and-whisker plots for the worst-case scenario described in the text. (a) Total electric
field strength E (mV/m) and (b) total exposure ratio Λ.

4. Comparisons

Table 6 offers a comparison between basic parameters and results of the experiment
presented herein and pertinent experimental studies found in the literature. An extensive
review about EMF measurements and evaluation of the RF exposure is beyond the scope of
this paper; only certain studies are included in Table 6 for the sake of comparison.
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Table 6. Comparative synopsis of studies dealing with RF-EMF outdoor measurements and general public exposure.

Study Micro-
Environment Location Frequency Range Equipment Median

(Total, All Bands)
Highest

Measured Value

Main
Contributors to

the Total
Exposure

Excess of Local
Reference Levels

[12]

46 continuous
monitoring

stations
(urban, rural)

Sites all over
Greece 100 kHz–3 GHz

EM radiation monitoring
networks comprising
spectrum analyzers,

selective radiation meters,
isotropic E-field sensors,

control and storage
units, etc.

-
(mean values:
0.03–3.93 V/m
depending on
the location)

-

Mobile
communication

frequencies
and broadcast

No (regarding the
mean measured

electric
field strength)

[13]

90 continuous
monitoring

stations
(urban, rural)

Sites all over
Greece

100 kHz–3 GHz
and 3 sub–bands

925–960 MHz,
1805–1880 MHz,
2110–2170 MHz

EM radiation monitoring
networks comprising
spectrum analyzers,

selective radiation meters,
isotropic E-field sensors,

control and storage
units, etc.

1100 mV/m
(urban)

300 mV/m (rural)
4.83 V/m

Mobile
communication

frequencies
and broadcast

No (regarding the
total

exposure ratio)

[15] 489 monitoring
stations

273 municipalities
all over Greece 100 kHz–7 GHz

Broadband Narda
AMB-8057-03/G-type

EMF monitoring station

-
(91% of the annual

average
values < 2 V/m)

-
(20% of the annual

maximum
values > 2 V/m)

- No

[14]

4705 audits in the
vicinity of base
stations (urban,
suburban, rural)

Sites all
over Greece

27–3000 MHz
(8 bands)

Selective radiation meter
SRM-3006 with isotropic
E-field antenna (Narda)

-
(mean value:

2.24 V/m)

14 V/m (1%
of measurements)

Mobile
communication

frequencies
and broadcast

No (regarding the
total exposure

ratio),
occasionally yes

[3] 20 kintergardens Melbourne,
Australia

88–5800 MHz
(16 bands)

Exposimeter ExpoM-RF
64 (Fields at Work) 233 mV/m - GSM-900

downlink No

[5] 24 primary schools Nilüfer, Bursa,
Turkey

RF (especially
GSM bands)

and ELF

Selective radiation meter
SRM-3006 and isotropic
EM-field meter (Narda)

- 3–4 V/m (4.2%
of measurements)

GSM frequencies
(900, 1800,
2100 MHz)

No
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Table 6. Cont.

Study Micro-
Environment Location Frequency Range Equipment Median

(Total, All Bands)
Highest

Measured Value

Main
Contributors to

the Total
Exposure

Excess of Local
Reference Levels

[4]
26 school

playgrounds and
79 parks

Basque country,
Spain

87.5–6000 MHz
(16 bands)

Exposimeter with 3-axis
isotropic antenna

275 mV/m
(playgrounds)

216 mV/m
(parks) *

2.36 V/m *
Broadcast and
mobile phone

downlink
-

[10]
317 playgrounds

(urban and
suburban)

16 municipalities
in Greece 27–3000 MHz

Selective radiation meter
SRM-3006 with isotropic
E-field antenna (Narda)

244 mV/m (urban)
229 mV/m
(suburban)

1.66 V/m -
No (regarding the

total
exposure ratio)

[11] 65 schools (urban) Greece 27–3000 MHz
Selective radiation meter
SRM-3006 with isotropic
E-field antenna (Narda)

403 mV/m 1.35 V/m - No

Current
study

69 nursery and
primary schools

(urban and
suburban)

Chania, Crete
island, Greece

27–3000 MHz
(7 bands)

Selective radiation meter
SRM-3006 with isotropic
E-field antenna (Narda)

576 mV/m (urban)
516 mV/m
(suburban)

3.86 V/m

Mobile
communication
frequencies and

broadcast

No (regarding the
total exposure

ratio),
occasionally yes

* Gallastegi et al. [4] reported values for the measured power density that have been converted to values for the E-field intensity for the sake of comparison.



Appl. Sci. 2022, 12, 4701 12 of 14

The first three lines of Table 6 comprise 3 studies, respectively, that deal with the devel-
opment of networks for monitoring the nonionizing EM radiation in Greece. Gotsis et al. [12]
referred to two networks, comprising 46 monitoring stations in total, spread in urban and
rural areas all over Greece. Mean values of the measured E-field strength are presented therein,
over a five-year period, and the measured EM radiation levels were found significantly below
the reference levels. Manassas et al. [13] reported the measurement data from 90 monitoring
stations (urban and rural) in Greece and temporal variations were investigated. Median
total exposure levels were presented, making the results comparable with other studies. A
significant difference in the electric field measured in urban and rural environments was
found and higher exposures were observed during the day- rather than the night-hours. Last
year, Karastergios et al. [15] presented the measurement results, of the first 3 years of opera-
tion, from the National Observatory of EMF fields (NOEF) in Greece, which is a monitoring
network operated by EEAE. Annual average values of the E-field strength were reported;
all values were below the reference levels established by the Greek legislation. Data from
measurements conducted by EEAE were also analyzed by Christopoulou and Karabetsos [14],
as indicated in the fourth line of Table 6. The audits were performed in the vicinity of base
stations; thus, the mean value of the E-field strength (i.e., 2.24 V/m) was somewhat higher
than the one reported by Karastergios et al. [15], as expected, albeit the latter refers to more
recent results.

In addition, Christopoulou and Karabetsos [14] found a few specific cases not com-
plying with Greek reference levels for general public exposure, at locations near antenna
installations, an outcome that is in line with the present study.

The rest of the studies cited in Table 6 refer to measurements that were conducted
outdoors and in the vicinity of places where children tend to spend most of their time,
such as schools, kindergartens, and playgrounds. Bhatt et al. [3], Yener et al. [5], and
Gallastegi et al. [4] conducted measurements in Australia, Turkey, and Spain, respectively,
whereas the studies by Christopoulou and Karabetsos [10], Kiouvrekis et al. [11], as well
as our work, refer to playgrounds and schools in Greece. It may be verified from Table 6
that the recent work by Kiouvrekis et al. [11] and the present study report greater median
values of the measured E-field strength than the studies performed a few years ago [3,4,10].
This may be attributed to the fact that more and more RF emitters are installed in urban
and suburban areas as time goes by.

Another remark about Table 6 is that we observed a higher median total value of the E-
field strength in urban than in suburban environments, a result supported by other findings,
too [10]; this is a reasonable outcome as the radiation sources in the urban areas are, gener-
ally, installed more densely than in the suburbs. An even more pronounced difference in the
readings of urban and rural environments in Greece was reported by Manassas et al. [13].
It is worth mentioning that higher readings in urban than in suburban/rural areas have
been observed by researchers that conducted personal measurements [6], as well as indoor
measurements [7].

Regarding the contribution of sources, Table 6 suggests that the majority of stud-
ies [3–5,12–14], including our work, agree that mobile communication frequencies con-
tributed most to the total RF exposure. The mobile phone downlink was also found to be
the predominant contributor to the total exposure in indoor [7,8] and personal [6] measure-
ments. Another important contributor to the total exposure proved to be broadcasting, a
result supported by several studies [4,12–14] as well as ours.

Compliance with the local established exposure reference levels is achieved in most
of the cases shown in Table 6, especially when average or median values of the E-field
strength are examined. A few outliers were observed by Christopoulou and Karabetsos [14],
in spatially localized areas, at a short distance from antenna installations, where general
public access should not have been allowed. Moreover, we did find a few cases, in the
27–879 MHz frequency band (Table 1), where the maximum exposure ratio exceeded 1,
albeit the corresponding median and mean values were much lower. These cases, as
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mentioned earlier, refer to the vicinity of a school that was probably along the main beam
of an antenna.

5. Conclusions

In conclusion, our results indicate that, in the vast majority of cases, we observed
compliance with the Greek established reference levels for RF exposure. The median
values of the exposure ratio were found less than 0.035 in all cases examined, whereas the
maximum values of the exposure ratio lay below 0.28 except for a very few cases, where
the maximum value of the E-field strength exceeded the reference level. Most recordings of
the electric field strength (i.e., 90%) were found lower than 1 V/m, while the majority of
the total exposure ratio values (i.e., almost 94%) were below 0.2. The median values of the
E-field strength were found to be statistically significantly different in urban and suburban
environments, except for the 27–879 MHz band where broadcast applications dominate.
Readings were slightly higher in urban areas than in the suburbs and the latter exhibited a
narrower interquartile range than the former due to their more uniform construction. We
also found that mobile communication frequencies and broadcast were the sources that
contributed most to the total exposure.

Our future plans include EMF measurements not only around but also inside schools
and classrooms, in the frequency range of 27 MHz–6 GHz, especially with the prospect of
the rapidly upcoming 5G mobile services everywhere. A comparison of the electric field
strength at the same measurement locations, before and after the advent of 5G, will be
interesting and revealing.
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