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Abstract—Nowadays, with the impressive development of cellular networks and other wireless communication 

technologies, the public concerns about possible health effects of exposure to electromagnetic radiations are increased. 

In this paper, we investigate some radio frequency (RF) exposure levels measured in the urban areas. These 

measurements include all RF radiations of various electromagnetic wave sources including those from broadcasting 

stations to cellular base stations. The exposure levels are incident power density values measured during 18 months at 

930 locations distributed over 7 major cities of Iran. These results are compared with the relevant guidelines of non-

ionizing radiation given in the Iran national standard no. 8567, to confirm that the measured radiation exposure levels 

are satisfactorily below the defined limits.  
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I. INTRODUCTION  

Throughout the recent years, with the rapid 
development of radio communication systems and 
mobile networks, the issue of potential harmful effects 
of radio frequency (RF) electromagnetic exposure on 
human health has raised many public concerns. The 
recent generations of mobile communications require 
denser network architecture to support the required bit 
rate of new services and respond to the growing 
traffic demand of mobile users. Small cells can afford 
this densification by enabling deployment of many low-
power base stations in the concentrated areas. The vast 
number of base stations together with the introducing 
new technologies such as the internet of things (IoT), 
has intensified previous public concerns about the 
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amount of RF exposure and its possible and unknown 
health effects.  

According to the scientific evidences, 
electromagnetic fields create various biological effects 
on human body. These effects can be divided into 
thermal and non-thermal corresponding to the 
frequency and power/intensity specifications of the 
incident field [1]. The thermal effects occur in the 
frequency range of 100 kHz to 300 GHz, cause an 
increase in the body temperature. However, the non-
thermal effects created by long-term and repeated 
radiation may cause electromagnetic sensitivity or 
neurological disorders. Electromagnetic fields have 
also been tested or used in clinics for medical 
applications including pain mitigation, muscle 
rehabilitation, nerve stimulation, bone repair, 
osteoarthritis therapy, electro acupuncture, wound 
healing and drug delivery [2]-[5].  
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Numerous studies have been conducted in order to 
investigate the adverse biological effects of 
electromagnetic waves. Some of these studies have 
focused on determining the relationship between cell 
phone use with brain tumor risk in adults and children 
[6]-[10]. Moreover, the effects of electromagnetic 
radiation on the nervous tissues have also been a subject 
of many investigations [11]-[14]. A number of studies 
have examined the effect of electromagnetic radiation 
on cardiovascular system [15] and [16]. Furthermore, 
the issue of electromagnetic field exposure on the 
reproductive system and fertility has been investigated 
in the literature [17]-[20]. 

In order to assess intensity of public exposure and 
its adverse health effects, conducting electromagnetic 
field measurements are necessary. Accordingly, the 
exposure levels should also be measured in areas 
accessible to the people. Then, compliance with 
electromagnetic field limits should be assessed, taking 
into account that power density and field strength 
aggregated from different sources [21]. These exposure 
limits have been established by international authorities 
and arisen from established biological effects. In this 
regard, the guidelines provided by the International 
Commission on Non-Ionizing Radiation Protection 
(ICNIRP) have been considered worldwide by most 
countries as reference limits [22]. The ICNIRP 
guidelines provide the radiation exposure limits for 
different frequencies from 0 to 300 GHz and explain the 
short-term and long-term permanent or non-permanent 
exposure conditions of radio frequency electromagnetic 
fields. In these guidelines, the amount of exposure level 
is provided for two categories of occupational and the 
general public. 

This paper, investigates the exposure levels of the 
general public to electromagnetic radiation originating 
from all radio RF emitters up to 18 GHz is in 7 cities of 
Iran. The recorded incident power densities are 
compared with the exposure limits of the general public 
presented by national standards. 

II. TYPE OF ELECTROMAGNETIC RADIATIONS 

The term radiation refers to the energy that travels 
via waves or particles. The electromagnetic radiation 
spectrum, range from static fields to infinite frequency 
fields, is subdivided into two categories depending on 
their main effects on materials. The lower frequencies 
of this spectrum are categorized as non-ionizing [23]. 
At the higher frequencies, where the wavelength is on 
the nanometers and smaller scale, the radiation 
becomes ionizing. This means that there is sufficient 
energy to dislodge electrons from atoms or to eject one 
or several electrons from an atom to create ions. 
Exposure to ionizing energy increases the risk of DNA 
damage, associated with an increased risk for the 

cancer. Examples of ionizing radiation are x-rays, -
rays and cosmic rays. Non-ionizing radiation includes a 
wide spectrum of frequencies and fortunately, RF 
spectrum that has been used in many applications of 
wireless communications, are located in the non-
ionizing part. 

III. EXPOSURE LIMITS FOR RF RADIATION 

In order to determine the exposure limits of RF 
electromagnetic fields, it is required to identify the 

available scientific literature about the adverse effects 
of electromagnetic radiation on biological systems. The 
main biological effects used to establish the criteria are 
central nervous system stimulation, peripheral nervous 
system stimulation and temperature increase in tissues. 
Adherence to exposure limits is intended to protect 
people from all substantiated harmful effects of RF 
electromagnetic exposure. To define these limits, 
ICNIRP first identified published scientific literature 
concerning the effects of RF electromagnetic exposure 
on biological systems and specified which of these 
effects have been scientifically to be harmful to human 
health. This issue is important, because from ICNIRP's 
point of view, the announced adverse effects of RF 
electromagnetic fields on health should be verified 
independently and while having high scientific support, 
they should be consistent with current scientific 
findings so that they can be cited to determine RF 
exposure limits. For each of the proven effects, 
threshold values were determined by ICNIRP, which 
were derived from a conservative point of view. 
Determining these values was based on the relationship 
between the primary effects of RF exposure (such as 
heat) and the health effects (such as pain) to determine 
the appropriate level of protection. The reduction 
factors were then applied to the resultant thresholds to 
construct the exposure restriction values. These 
reduction factors account for biological variability in 
the population (e.g., age, sex), variation in baseline 
conditions (e.g., tissue temperature), variation in 
environmental factors (e.g., air temperature, humidity, 
clothing), dosimetric uncertainty associated with 
deriving exposure values, uncertainty associated with 
the health science, and as a conservative measure more 
generally [22]. 

The resultant exposure restriction values are 
referred to as “basic restrictions”. These values are 
related to the physical quantities that are corresponded 
to the RF induced adverse health effects. Some of the 
basic restrictions are physical quantities inside the 
exposed body and cannot be simply measured. 
Therefore, the quantities that are more simply 
evaluated, named “reference levels” have been derived 
from the basic restrictions to enable a more-practical 
assessment of compliance with the guidelines. 
Reference levels have been derived such that under 
worst-case exposure conditions, they will cause similar 
exposures to those specified by the basic restrictions. 
Specific absorption rate (SAR)  
(in W kg-1), absorbed power density (in W m-1), 
specific energy absorption (in J kg-1) and absorbed 
energy density (in J m-2) are the quantities used in 
ICNIRP guidelines to specify the basic restrictions. 
However, the reference level quantities relevant to 
these guidelines are incident electric field strength  
(in V m-1), incident magnetic field strength (in A m-

1), incident power density (in W m-2), plane wave 
equivalent incident power density (in W m-2), 
incident energy density (in J m-2) and plane-wave 
equivalent incident energy density (in J m-2), all 
measured outside the body. 
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TABLE I.  INCIDENT POWER DENSITY REFERENCE LEVELS 

FOR WHOLE BODY EXPOSURE, AVERAGED OVER 30 MIN [22]. 

Exposure 
scenario 

Frequency 
range 

Incident power 
density (W m-2) 

Occupational 

0.1 – 30 MHz not applicable 

30 – 400 MHz 10 

400 –  2000 
MHz 

*fM/40 

2 – 300 GHz 50 

General 
public 

0.1 – 30 MHz not applicable 

30 – 400 MHz 2 

400 –  2000 
MHz 

fM/200 

2 – 300 GHz 10 

* 
fM is frequency in MHz .  

In the ICNIRP guidelines, differences are 
considered between electromagnetic exposure of 
occupational (workers) and the general public. Workers 
refer to the healthy adults who are exposed to radiation 
due to their job and under controlled conditions. 
According to the training, these people are aware of the 
exposure of RF radiations and its possible hazardous 
effects and use the necessary protective equipment to 
deal with possible dangers. The general public refers to 
the people who are in different ages and health 
conditions. In this group, there may be vulnerable 
people who lack knowledge about the dangers of 
electromagnetic exposure or related protection 
methods. These differences increase the importance of 
applying stricter limits for the exposure of general 
public to protect them from any possible harmful effects 
of the electromagnetic waves. The permissible radiation 
exposure limits determined by the ICNIRP for the 
general public are much lower (about one fifth) than for 
the occupational. The incident power density reference 
levels of ICNIRP guideline for exposure averaged over 
30 min in the case of the whole body exposure to 
electromagnetic fields from 100 kHz to 300 GHz are 
given in Table 1. 

The ICNIRP guidelines are recommended by World 
Health Organization (WHO) and these RF 
electromagnetic frequency guidelines are adopted by 
most countries around the world. However, some 
countries such as Canada, Italy, Poland, Switzerland, 
China, Russia, France, and Belgium establish more 
restrictive limits than the ICNIRP ones. These countries 
claim to promote the precautionary principle [24], 
which demands lower maximum exposure limits. 

In Iran, the RF exposure criteria have been 
introduced in a national standard with number 8567 
[25]. According to this national standard, the amount of 
general public exposure limit in the frequency range up 
to 18 GHz is equal to 440 µW cm-2. 

IV. OVERVIEW AND ANALYSIS OF MEASUREMENTS 

A. RF Measurement Methods 

Recommendation ITU-T K.83 presents a guidance 
on how to perform long-term measurements for 
monitoring of RF fields in those areas that are under 
public concern, to demonstrate that the exposure levels 
are under control and under the limits [26]. The purpose 
of this recommendation is to represent the general 
public, understandable and simply available data 

concerning the RF field levels emitted by radio 
transmitters in the form of results of continuous 
measurement. Recommendation ITU-T K.83 defines 
two methods that shall be used to determine total 
electromagnetic exposure. These two methods are the 
frequency selective measurement and broadband 
measurement.  

In frequency selective measurement procedure, the 
frequency range is divided into sub-ranges depending 
on the region. This kind of measurement procedure 
consists of repeated measurement cycles, each 
representing one measurement result for each 
frequency sub-range. The measurement equipment 
consists of an isotropic probe and a frequency selective 
measuring instrument, which processes the signal from 
the probe and indicates the value of the electromagnetic 
field quantity.  

The broadband measuring method is appropriate in 
those cases where the total summation of the emissions 
of a specific frequency band is necessary to be 
measured. It allows obtaining a rapid measure of the 
total emission level of the band at a low cost. This 
broadband method should not be applied if it is essential 
to know the radiation levels by frequency. The 
instrument used for broadband measurement consists of 
an equipment that has a broadband probe. This 
measuring equipment must provide the root mean 
square (RMS) value of the electric field strength in 
order to compare the levels measured with the exposure 
limits [26]. 

The broadband measuring probes offer absolute 
field values, without frequency information. Therefore, 
it can integrate all of the emissions in the considered 
frequency band. Accordingly, the used broadband 
probe shall cover the whole band of interest and must 
be isotropic. By this isotropic probe, each one of the 
three field components must be measured feasibly at the 
same time to have an accurate total field result. The 
measuring equipment operates autonomously when it is 
put into operation. The field measurements should be 
an average of duration according to the national 
regulations.  

In multiple frequency environment, for the 
exposure from several fields with different frequencies 
at the same time, their effect is cumulative. 
Accordingly, the total fraction of exposure in the 
desired frequency band is calculated by the summation 
of the fraction of exposure in all sampled frequencies 
and the cumulative limit across frequencies for all 
sources is [28]:  

2 2
00 M Hz 00 GHz

, , ,

100 kHz 0 M

3 3

Hz, ,3,

max , 1
mes i mes i mes i

i iref i ref i ref i

E H S

E H S 

    
      
        

       (1) 

where, 
,mes i

E  (V m-1), 
,mes i

H  (A m-1) and 
,mes i

S  (W m-2) 

are the measured incident electric field, magnetic field 

and power density at frequency i  and 
,ref i

E  (V m-1), 

,ref i
H  (A m-1) and

,ref i
S  (W m-2) are the reference level 

values of incident electric field, magnetic field and 
power density corresponding to frequency i as advised 
in the ICNIRP guidelines or as provided by the national 
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guidelines. For frequencies above  
30 MHz, (1) can be simplified as:  

,

,

1
mes i

i ref i

S

S
                           (2) 

where 
,ref i

S  are provided in Table 1. 

B. Analysis of Broadband Measurements 

In Iran, the level of RF exposure is continuously 
monitored by communication regulatory authority, as 
one of the corresponding organizations in the field of 
radiation protection. In recent years, the regulator has 
installed fixed broadband sensors in some cities to 
continuously measure the amount of RF radiations. 
Vehicle-based or mobile radio wave intensity 
monitoring systems are also used in some other cities 
and throughout the country. Currently, the cumulative 
incident power densities are measured and monitored 
through these sensors. These incident power density 
measurements take into account exposure from all RF 
emitters include broadcasting stations and cellular base 
stations. The measurements collect cumulative data 
related to broadband electromagnetic exposure across 
frequencies up to 18 GHz in the urban areas. The 
incident power density measurements considered to 
analyze in this paper were recorded during 18 months 
(from spring 2023 to the end of summer 2024) at 930 

outdoor urban locations distributed over 7 major cities 
in Iran. These cities are capital of different provinces 
located in center, north, north east and north west of 
Iran. Most of the measurement locations are in highly 
populated areas in the centers of these cities. 
Previously, we considered the issues of public safety 
assessment of RF exposure in 9 cities where the process 
of measurement data acquisition took place during 1 
year from beginning of the spring of 2023 to the 
beginning of the spring of 2024 [27]. However, the 
measurement data collected only for 7 cities in 2024. 
Accordingly, in this paper we restrict our assessment to 
only 7 cities which their whole measurement data are 
available.  

In Fig. 1, the minimum, mean and maximum values 
of the measured incident power density at the 
mentioned cities are presented in logarithmic scale for 
both 2023 and 2024 measurements and are compared 
with the safety limit of general public. As it is expressed 
in previous section, the amount of general public 
exposure limit is considered to be 440 µW cm-2 which 
is the lowest amount of general public radiation 
exposure limit in the frequency range of mobile 
communication. Table 2 presents the mean values of the 
measured incident power density at all 7 cities. 
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Figure 1.  Minimum, mean and maximum valuse of measured power density the cities according to the data acquisition in 2023 and 2024. 

TABLE II.  MEAN VALUES OF THE MEASURED INCIDENT 

POWER DENSITY. 

Cities 

Mean values 

of 

Measurements 

of 2023  

(µW cm-2) 

Mean values 

of 

Measurements 

of 2024  

(µW cm-2) 

Total mean 

values of 

Measurements 

(2023 & 2024) 

(µW cm-2) 

CT1 0.6529 0.7075 0.6727 

CT2 0.2650 0.2740 0.2685 

CT3 0.4709 0.4633 0.4676 

CT4 1.3679 1.9296 1.5926 

CT5 0.2675 0.2600 0.2646 

CT6 0.3351 0.3683 0.3494 

CT7 0.4604 0.4500 0.4564 

In practice, it is usual to evaluate how many times 
the exposure level at any measurement point is below 
the safety limit. To this end, times below limit (TBL) 
can be expressed simply by the following equation: 

,

,

1
TBL

mes i

i ref i

S

S





                          (2) 

In other words, if the incident power density at the 
measurement point is multiplied by TBL, the limit 
value is obtained.  

In Table 3 the percentage of the measurement points 
in accordance with different values of TBL are 
presented in all cities.

TABLE III.  PERCENTAGE OF THE MEASURED POINTS, VERSUS THE VALUES OF TBL IN THE CITIES. 

Value of TBL 

Percentage of the measurement points in the cities 
 

CT1 CT2 CT3 CT4 CT5 CT6 CT7 

TBL<100 0.91  0 0 6.67                  0 0 0.77 

100≤TBL<500 37.27  0 17.14 40.00 0 7.14     13.08       

500≤TBL<1000 24.54  2.31  15.71 13.33 5.38 17.14 11.54 

1000≤TBL<5000 29.10  97.69 66.46 32.00 94.62 75.72 70.00 

5000≤TBL<10000 7.27   0 0.714 0.67 0 0 0 

TBL≥10000 0.91 0 0 7.33 0 0 4.62 
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Figure 2.  Percentage of the measured points, versus different value of 
i

R  . 

V. DISCUSSION 

According to Fig. 1, the measurements performed 
in all cities, demonstrated that the maximum level of 
RF-exposure does not exceed the level of  
440 µW cm-2 established by Iran national standard 
reference levels. By the analysis of the measurements, 
the maximum value of the incident power density 
recorded for the cities is 15.6 µW cm-2, which is  
14.5 dB below the maximum allowed exposure level 
value of 440 µW cm-2. Furthermore, the maximum 
value of the mean incident power density recorded for 
the cities is 1.93 µW cm-2, which is 23.58 dB below the 
maximum allowed exposure level value of  
440 µW cm-2. 

According to Table 3, the percentage of the 
measurement points with TBL<100 is only 0.91, 6.67 
and 0.77 in 3 cities while it is 0% in the others. This 
means that, in the worst case, only in 6.67% of the 
measurement points, the measured incident power 
density is greater than 0.01 of general public exposure 
limit defined by Iran national standard. The measured 
incident power density is between 0.002 and 0.01 of the 
defined general public exposure limit in 37.27%, 
17.14%, 40.00%, 7.1429% and 13.08% of the 
measurement points in 5 cities where the number is 0% 
in the 2 other cities. Moreover, the incident power 
density is between 0.001 and 0.002 of the general public 
exposure limit in 24.54%, 2.31%, 15.71%, 13.33%, 
5.38%, 17.14% and 11.54% of the measurement points. 
Most of the measurement points, i.e. 29.10%, 97.69%, 
66.46%, 32.00%, 94.62%, 75.72% and 70.00% in the 
considered cities have an incident power density 
between 0.0002 and 0.001 of the general public 
exposure limit. Furthermore, in 7.27%, 0.714% and 
0.67% of the measurement points in 3 cities, the 
measured incident power density is between 0.0001 and 
0.0002 while the number is 0% in the 4 others. Finally, 
the measured incident power density is less than 0.0001 
of the general public exposure limit, in 0.91%, 7.33% 
and 4.62% of the measurement points in 3 cities and the 
number is 0% the 4 others. Figure 2 gives a 
better illustration of these results where 

i
R   shows

,

,

mes i

ref i

S

S
. 

VI. CONCLUSION 

The cumulative data recorded through broadband 
incident power density measurements up to 18 GHz in 

the urban areas of 7 cities in Iran were investigated and 
compared with the permissible values presented in Iran 
national standard no. 856. According to the analysis, it 
was concluded that through this wide frequency range, 
the total electromagnetic exposure is extremely below 
those presented in the standard. 

REFERENCES 

[1] A. Bellossi and Gérard Dubost, Thermal and non thermal 
effects of electromagnetic fields in bio-systems, Lulu.com., Jan. 
2012. 

[2] S. Zhao, A. S. Mehta, and M. Zhao, “Biomedical applications 
of electrical stimulation,” Cellular and Molecular Life 
Sciences, Springer, 77(14), pp. 2681–2699, Jul. 2020. 

[3] F. X. Hart and J. R. Palisano, “The Application of Electric 
Fields in Biology and Medicine,” Electric Field, 2018.  

[4] F. P. Perez, J. Rizkalla, M. Jeffers, P. Salama, C. N. P. 
Chumbiauca, and M. Rizkalla, “The Effect of Repeated 
Electromagnetic Fields Stimulation in Biological Systems,” 
Ionizing and Non-ionizing Radiation, 2019. 

[5] T. Marovino, “Electromagnetic Applications In Biology and 
Medicine,” Practical Pain Management, vol. 11, no. 4, 2011. 

[6] M. Feychting, J. Schüz, M. B. Toledano, R. Vermeulen, A. 
Auvinen, A. H.Poulsen, I. Deltour, R. Smith, J. Heller, H.  
Kromhout, A. Huss, C. Johansen, G. Tettaman, and P. Elliott, 
“Brain tumor risk due to cell phone use,” Environment 
International, Vol. 185, March 2024. 

[7] J. Schüz, K. Pirie, G. K. Reeves, S. Floud, and V. Beral, 
“Cellular Telephone Use and the Risk of Brain Tumors: Update 
of the UK Million Women Study,” Journal of the National 
Cancer Institute, vol. 114, no. 5, pp. 704–711, May 2022. 

[8] L. Leng, “The relationship between mobile phone use and risk 
of brain tumor: a systematic review and meta-analysis of trails 
in the last decade,” Chinese Neurosurgical Journal, 
Article number: 38, Dec. 2016. 

[9] A. Skaist, “The Effects of RF-EMF on the Child Brain,” The 
Science Journal of the Lander College of Arts and Sciences, 
vol. 12, no. 2, Spring 2019. 

[10] H. Lim, J. Choi, H. Joo and M. Ha, “Exposures to radio-
frequency electromagnetic fields and their impacts on 
children's health – What the science knows?,” Current Opinion 
in Environmental Science & Health, Vol. 32, April 2023. 

[11] J. Guo, X.-W. Wang, S. Jun, J.-T. Tang, “Biological effects of 
electromagnetic radiation on the nervous system,” Journal of 
Clinical Rehabilitative Tissue Engineering Research, vol. 13, 
no. 30, 2009. 

[12] C. Hu1, H. Zuo and Y. Li, “Effects of Radiofrequency 
Electromagnetic Radiation on Neurotransmitters in the Brain,” 
Frontiers in Public Health, vol. 9, Aug. 2021. 

[13] H. A. Hansson, “Effects on the nervous system by exposure to 
electromagnetic fields: experimental and clinical 
studies review,”  Progress in Clinical and Biological 
Research, vol. 257, pp. 119-134, 1988. 

[14] A. İ. Keleş, J. R. Nyengaard and E. Odaci, “Changes in 
pyramidal and granular neuron numbers in the rat hippocampus 

Volume 17- Number 4 – 2025 (1-7) 

 

6 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ic
t.i

tr
c.

ac
.ir

 o
n 

20
25

-1
2-

08
 ]

 

                               6 / 7

https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Andr%C3%A9+Bellossi%22
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22G%C3%A9rard+Dubost%22
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mehta%20AS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao%20M%5BAuthor%5D
https://www.researchgate.net/scientific-contributions/Francis-Xavier-Hart-2137806186?_sg%5B0%5D=NsIG-1B40kaDPSjnZ0tJCT9HWe59IAog7qosyklqYjPTRuf5NjIDwv6wBt1IycmMjgr8wuU.uEaKWL9-IJK6XalsPYb3-hAG_VWI_iawcYxGWG-nmf6DKpXwCTlb0iqs8oM7q-1t0rhhHYEdk1mp8whlvvlNPw&_sg%5B1%5D=SOk9F8ja3iUDcki5p8M4Xv-RzNeo81kX30Vc4GZdSlwuZHGd-WBp-JzE37cVLvfQw2IpJE8.He2-roJZkAEbsvftbkKEz_dgPa8Ug1911XkYtkpiJNGRUT_BkKMltLtmt4NB2WRZktmOkrAkc_Pexszb9VW46g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/John-R-Palisano-2128405528?_sg%5B0%5D=NsIG-1B40kaDPSjnZ0tJCT9HWe59IAog7qosyklqYjPTRuf5NjIDwv6wBt1IycmMjgr8wuU.uEaKWL9-IJK6XalsPYb3-hAG_VWI_iawcYxGWG-nmf6DKpXwCTlb0iqs8oM7q-1t0rhhHYEdk1mp8whlvvlNPw&_sg%5B1%5D=SOk9F8ja3iUDcki5p8M4Xv-RzNeo81kX30Vc4GZdSlwuZHGd-WBp-JzE37cVLvfQw2IpJE8.He2-roJZkAEbsvftbkKEz_dgPa8Ug1911XkYtkpiJNGRUT_BkKMltLtmt4NB2WRZktmOkrAkc_Pexszb9VW46g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.intechopen.com/books/7668
https://www.medcentral.com/author/tiziano-marovino
https://www.google.com/search?sca_esv=3b521f33f276da8b&rlz=1C1GCEA_enIR775IR775&q=Practical+Pain+Management&sa=X&ved=2ahUKEwjXz-W26qOKAxWvT6QEHYn1DFMQ7xYoAHoECBAQAQ
https://www.medcentral.com/pain/chronic/issue1105
https://www.sciencedirect.com/journal/environment-international
https://www.sciencedirect.com/journal/environment-international
https://www.sciencedirect.com/journal/environment-international/vol/185/suppl/C
https://touroscholar.touro.edu/sjlcas
https://touroscholar.touro.edu/sjlcas
https://www.sciencedirect.com/journal/current-opinion-in-environmental-science-and-health
https://www.sciencedirect.com/journal/current-opinion-in-environmental-science-and-health
https://www.sciencedirect.com/journal/current-opinion-in-environmental-science-and-health/vol/32/suppl/C
https://www.researchgate.net/scientific-contributions/J-Guo-2089529177?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/X-W-Wang-2089547546?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/J-T-Tang-2089473620?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://ijict.itrc.ac.ir/article-1-733-en.html


7 days after exposure to a continuous 900-MHz 
electromagnetic field during early and mid-adolescence,” 
Journal of Chemical Neuroanatomy, vol. 101, Nov. 2019.  

[15] O. Elmas, “Effects of electromagnetic field exposure on the 
heart: a systematic review,” Toxicology and Industrial 
Health, vol. 32, no. 1, Sep. 2023. 

[16] Daniel Parizek, N. Visnovcova, K. H.  Sladicekova, J. 
Misek, J. Jakus, J. Jakusova, M. Kohan, Z. Visnocová, N. 
Ferencova, I. Tonhajzerova, “Electromagnetic Fields - Do 
They Pose a Cardiovascular Risk?,” Physiological Research,  
vol. 72, no. 2, pp. 199-208, Apr. 2023. 

[17] M. C. Gye and C. J. Park, “Effect of electromagnetic field 
exposure on the reproductive system,” Clinical and 
Experimental Reproductive Medicine, vol. 39, no. 1, pp. 1-9, 
Mar. 2012. 

[18] F. Pacchierotti, L. Ardoino, B. Benassi, C. Consales, E. Corde
lli, P. Eleuteri, C. Marino, M. Sciortino, M. H. Brinkworth, 
G. Chen, J. P. McNamee, A. W. Wood, C. R. Hooijmans 
and R. B. M. de Vries, “Effects of Radiofrequency 
Electromagnetic Field (RF-EMF) exposure on male fertility 
and pregnancy and birth outcomes: Protocols for a systematic 
review of experimental studies in non-human mammals and in 
human sperm exposed in vitro,” Environment International, 
vol. 157, Dec. 2021. 

[19] E. Cordelli, L. Ardoino, B. Benassi, C. Consales, P. Eleuteri, 
C. Marino, M. Sciortino, P. Villani, M. H. Brinkworth,  G. 
Chen, J. P. McNamee, A. W. Wood, L. Belackova, J. Verbeek  
and F. Pacchierotti, “Effects of radiofrequency electromagnetic 
field (RF-EMF) exposure on male fertility: A systematic 
review of experimental studies on non-human mammals and 
human sperm in vitro,” Environment International, vol. 
185, Mar. 2024. 

[20] P. Jangid, U, Rai, R. S. Sharma and R. Singh, “The role of non-
ionizing electromagnetic radiation on female fertility: A 
review,” International Journal of Environmental Health 
Research, vol. 33, no. 4, 2023. 

[21] Report ITU-R SM.2452-0: Electromagnetic field 
measurements to assess human exposure, Jun. 2019. 

[22] Guidelines for Limiting Exposure to Electromagnetic Fields 
(100 kHz to 300 GHz), Health Physics, 118(5), pp. 483–524, 
2020. 

[23] P. Staebler, Human Exposure to Electromagnetic Fields, 
Wiley, 2017. 

[24] A Rationale for Biologically-based Exposure Standards for 
Low-Intensity Electromagnetic Radiation, Biolnitiative 
Working Group 2012. 

[25] Non-ionizing radiations - exposure limits (in persian), INSO-
8567, National Standards Organization of Iran, 2nd Edition,   
2024. 

[26] Recommendation ITU-T K.83: Monitoring of electromagnetic 
field levels, 2024. 

[27] N. Noori, “Public Safety Assessment of Radio Frequency 
Electromagnetic Exposure”, in Proc. 11th International 
Symposium on Telecommunications, Oct. 2024. 

[28] IEC 62232: Determination of RF field strength, power density 
and SAR in the vicinity of base stations for the purpose of 
evaluating human exposure, 2022. 

 

 

 

Narges Noori received her 

B.Sc., M.Sc. and Ph.D. 

degrees (with honors) from 

the Iran University of Science 

and Technology (IUST), 

Tehran, Iran, all in Electrical 

Engineering, in 1998, 2000 

and 2006, respectively. From 

June 2004 to April 2005, she 

was with the RF/Microwave 

and Photonics Group, University of Waterloo, 

Waterloo, Ontario, Canada as a visiting scholar. In 

May 2005, she joined the Iran Telecommunication 

Research Center (ITRC), Tehran, Iran where she is 

now working as an associate professor and the head of 

radio communication group. In 2008, she received the 

best researcher award from the Iran ministry of ICT. 

Dr. Noori is a Senior Member of IEEE. She has 

managed many research projects in radio 

communication group. Her research interests include 

wireless communications, RF-EMF Exposure and 

radio wave channel modeling. 
 

 

 

Volume 17- Number 4 – 2025 (1-7) 

 

7 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ic
t.i

tr
c.

ac
.ir

 o
n 

20
25

-1
2-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://www.sciencedirect.com/journal/journal-of-chemical-neuroanatomy
https://www.sciencedirect.com/journal/journal-of-chemical-neuroanatomy/vol/101/suppl/C
https://www.researchgate.net/profile/Onur-Elmas-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Toxicology-and-Industrial-Health-1477-0393?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Toxicology-and-Industrial-Health-1477-0393?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://pubmed.ncbi.nlm.nih.gov/?term=%22PARIZEK%20D%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22PARIZEK%20D%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22HAMZA%20SLADICEKOVA%20K%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22MISEK%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22MISEK%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22JAKUS%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22JAKUSOVA%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22KOHAN%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22VISNOVCOV%C3%81%20Z%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22FERENCOVA%20N%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22FERENCOVA%20N%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22TONHAJZEROVA%20I%22%5BAuthor%5D
https://www.biomed.cas.cz/physiolres/
https://www.biomed.cas.cz/physiolres/
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gye%20MC%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Park%20CJ%22%5BAuthor%5D
https://www.sciencedirect.com/author/35232711300/guangdi-chen
https://www.sciencedirect.com/journal/environment-international
https://www.sciencedirect.com/journal/environment-international/vol/157/suppl/C
https://www.sciencedirect.com/journal/environment-international
https://www.sciencedirect.com/journal/environment-international/vol/157/suppl/C
https://www.sciencedirect.com/journal/environment-international/vol/157/suppl/C
https://www.tandfonline.com/author/Jangid%2C+Pooja
https://www.tandfonline.com/author/Rai%2C+Umesh
https://www.tandfonline.com/author/Sharma%2C+Radhey+Shyam
https://www.tandfonline.com/author/Singh%2C+Rajeev
https://www.tandfonline.com/journals/cije20
https://www.tandfonline.com/journals/cije20
https://ecerm.org/
https://ecerm.org/
https://onlinelibrary.wiley.com/authored-by/
https://scholar.google.com/citations?view_op=search_authors&hl=en&mauthors=label:rf_emf_exposure
http://ijict.itrc.ac.ir/article-1-733-en.html
http://www.tcpdf.org

