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ABSTRACT

Electromagnetic radiation is a form of energy emitted and absorbed by
charged particles; electromagnetic radiation is characterized by its
biological effects on human cells. Mobile phone towers which emit
electromagnetic radiation are intensively distributed in cities and towns.

This requires studying their biological hazards.

The study was designed and conducted on the basis of selection of the
three major telecommunication companies towers in Sudan, namely
ZAIN, SUDANI and MTN. Three different geographical locations were
also selected including Khartoum state, red sea state and river Nile state.
Number of (120) towers from each company was randomly selected in
each of the three previously mentioned States (40towers for each
company in particular state) for this study. The levels of the
electromagnetic radiation emitted by hese towers were measured at
different distances (5m ,10m , 15m , 20m ,25m, 30m) using the
radiometer measurement . The results obtained indicated that increase in
the horizontal distance from the tower is associated with gradual decrease
in the electromagnetic radiation levels. This decrease of intensity with
distance conforms to the theoretical relation. It was also observed that the
height of towers affect the radiation intensity, where the radiation
intensity increases as the height increases. This relation also agrees with
the theoretical relation. Also the results obtained showed that the
electromagnetic radiation levels measured from towers belonging to
SUDANI Company is higher than those from towers of ZAIN and MTN
companies in each state. However all electromagnetic radiation levels are
still safe and within the permissible range of international allowed doses.

It was also noted that electromagnetic radiation level measured from all



these towers collectively are higher in Khartoum state as compared to red
sea and river Nile state.
This might possibly be attributed to the higher number of these towers

distributed in Khartoum state as compared to other states.

Generally, the measurements employed showed that the level of
electromagnetic radiation is not that significant and still safe with
reference to the recommendation of world health organization (WHO)
and international telecommunication corporation (ITC). Therefore a non-
adverse obvious effect on the biological system is expected.However a

ware should be taken for the long exposure time for these low doses.

This study highlighted the levels and effects of the electromagnetic
radiation emitted by the towers in three states, thus, we recommend
another future study should be carried out to include more states and
other sources of electromagnetic radiation emissions, etc. cell phones,

electricity lines and other electronic devices.



35

S Sl byl clelad¥) ol Gl 5 Aigade AileS Glawa ddauly
GleledY) oda aan A alVla ) an s ol WDa

ASELaY) lyUadl Lul Ceagivn A1 Y Gl 5 el Jal i slalina <))

el ClSE zh) ge 2 Jldie il oAbl o3 Cueaa
WA AN ez (360) 2 sl & G o O (B ply (Slasus )
IS 8z (120) 220 &l « paa¥) adl 5 Jull a5 ,ashdll <y e de)se
(35l AN Jaly A UKD 25 40) BN I e deyse 33

aide o) o bV dl e Bball Gleled¥) gl (uld e O
Byea) aladnnb dld 5 5 (30, 5025, 5020, % 15, 5 10, 5 5 )
Bl o Al Cmag) B (sl ) endalineg oS g led¥) Guld
pe Gl 1y Gleladl) LS 8 Bale glali leaiy ol o LY Ailudl)
i€ a5 ol gl ol LS 4l Ll Baadl LS dnphill Aglyal Al
Aokl 305 AR e Lianladl sy 138 5 4lelingiall Cile L)

Oo o) (s A58 bl e Haiall Gileledl) 3uaS o) Bl iy G
& o) A58 zhl e Bl @b e G 5 05 3G E ) (e Haiall Cileled]
g L asall dgaadl Jala I L STy ()

Jaly ZDEN S e Hriall le eV 3uaS gaene o L) duhall cay WS
¥y b ADEN Sl e Hariall Gle et 3uaS goane (o S| ashal) AV
b Oe pdudall aaall QL) 293 Ol majall Gas ¢ peal) el 5 dall e

ashal Ay J2s 8 pmal

\



Bylall cile bl (gsie o Auhall e lgale Jhanial) bl Caaa gl 38 Lasec

5 Gadlal) Asiall Aaliie Jd (e L oaasal) agaad) J20s s e b1 od8 (e

& 5V il o maals Gl S Ld ad UL 5 Y Laidl A sall 2l
Lo ey 03] Abigh clpidl el Jla sl g dasall 38T CadllsaY) (S

b le byl el Ala¥) U Ll Sl (e Casiag) 8 Al o) W
LYl lasall Yy Ah Jadil Aol o3 Sia o)) aai 13 (e Yy SO

byl il @Dl 5 Jsenall Ciledl 33ealS cile i) s3] (531 jabaas Ayl

JAahid o) dun g ASTY) 33eal) caldld

Vil



LIST OF CONTENTS

NO TITLE PAGE
CHAPTER (1) BASICS OF THE STUDY
1.1 Introduction 1
1.2 Research problem 1
1.3 Literature review 2
1.4 Hypotheses 4
1.5 Area of study S
1.6 Methodology S
1.7 Objectives 5
1.8 Arrangement of the study 6)
CHAPTER (2)Theoretical background
2 .1 Introduction 7
2 .2 Electromagnetic radiation 8
2 .3 Properties of EM radiation 10
2 4 Electromagnetic radiation spectrum 12
2 .5 Maxwell’s equations 13
2 6 Propagation of electromagnetic waves in 15
’ free space
2 .7 Radiation power and Intensity 16
2 .8 Radiation from A half — wave antenna: 17
2 9 Mast or tower 20
2.10 Working of a Mobile Tower 21
2.11 Materials 21
2.12 Antenna Properties and Ratings 28
5 13 Types of antennas used for cellular 29
networks
Determination of the radiation intensity
2.14 : 31
at any distance from the mast
2.15 General effects of EMR 33
2.16 Thermal effects 35
2.17 Non-thermal effects 35

VI




NO CHAPTER (3) LITERATURE REVIEW PAGE
3. Introduction 37
3.2 Interaction of Mobile Telephone Radiation 37
with Biological Systems in Veterinary and
Medicine.
3.3 Conference Paper a Review on the Impact 37
of the Electromagnetic Radiation (EMR)
on the Human’s Health
3.4 Critical Review Mobile Radiations Effects: 38
Problems & Remediation
3.5 Awareness and Self-Reported Health 39
Hazards of Electromagnetic Waves from
Mobile Phone Towers in Dhaka,
Bangladesh: A Pilot Study
3.6 Impacts of radio-frequency 40
electromagnetic field (RF-EMF) from cell
phone towers and wireless devices on
biosystem
3.7 Summary and critique 41
CHAPTER (4) MATERIALS AND METHODS
4.1 Introduction 42
4.2 Materials 42
4.3 Electromagnetic measurements 43
4. 4 Methods 49
4.5 Standardization metrology for the mobile 51
phone station recommended by NTC
4.6 Standardization metrology recommended 352

according to the References below




NO CHAPTER (5) Results, discussion and PAGE
conclusion
5.1 Introduction 47
5.2 Results 48
5.3 Discussion 104
5.4 Conclusion 106
5.5 Recommendations 107
5.6 Future work 108
References 109
Appendix 116




