AN INTRODUGTION TO
NON-IONIZING RADIATION

Editor:
Muhammad Maqgbool

Bentham Books



An Introduction to Non-Ionizing
Radiation

Edited by

Muhammad Magbool

Health Physics Program
Department of Clinical & Diagnostic Sciences
The University of Alabama at Birmingham
Birmingham, AL 35294, USA



An Introduction to Non-Ionizing Radiation

Editor: Muhammad Magbool

ISBN (Online): 978-981-5136-89-0

ISBN (Print): 978-981-5136-90-6

ISBN (Paperback): 978-981-5136-91-3

© 2023, Bentham Books imprint.

Published by Bentham Science Publishers Pte. Ltd. Singapore. All Rights Reserved.

First published in 2023.



BENTHAM SCIENCE PUBLISHERS LTD.

End User License Agreement (for non-institutional, personal use)

This is an agreement between you and Bentham Science Publishers Ltd. Please read this License Agreement
carefully before using the book/echapter/ejournal (“Work”). Your use of the Work constitutes your
agreement to the terms and conditions set forth in this License Agreement. If you do not agree to these terms
and conditions then you should not use the Work.

Bentham Science Publishers agrees to grant you a non-exclusive, non-transferable limited license to use the
Work subject to and in accordance with the following terms and conditions. This License Agreement is for
non-library, personal use only. For a library / institutional / multi user license in respect of the Work, please
contact: permission@benthamscience.net.

Usage Rules:

1. All rights reserved: The Work is the subject of copyright and Bentham Science Publishers either owns the
Work (and the copyright in it) or is licensed to distribute the Work. You shall not copy, reproduce, modify,
remove, delete, augment, add to, publish, transmit, sell, resell, create derivative works from, or in any way
exploit the Work or make the Work available for others to do any of the same, in any form or by any
means, in whole or in part, in each case without the prior written permission of Bentham Science
Publishers, unless stated otherwise in this License Agreement.

2. You may download a copy of the Work on one occasion to one personal computer (including tablet,
laptop, desktop, or other such devices). You may make one back-up copy of the Work to avoid losing it.

3. The unauthorised use or distribution of copyrighted or other proprietary content is illegal and could subject
you to liability for substantial money damages. You will be liable for any damage resulting from your
misuse of the Work or any violation of this License Agreement, including any infringement by you of
copyrights or proprietary rights.

Disclaimer:

Bentham Science Publishers does not guarantee that the information in the Work is error-free, or warrant that
it will meet your requirements or that access to the Work will be uninterrupted or error-free. The Work is
provided "as is" without warranty of any kind, either express or implied or statutory, including, without
limitation, implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the
results and performance of the Work is assumed by you. No responsibility is assumed by Bentham Science
Publishers, its staff, editors and/or authors for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods, products instruction,
advertisements or ideas contained in the Work.

Limitation of Liability:

In no event will Bentham Science Publishers, its staff, editors and/or authors, be liable for any damages,
including, without limitation, special, incidental and/or consequential damages and/or damages for lost data
and/or profits arising out of (whether directly or indirectly) the use or inability to use the Work. The entire
liability of Bentham Science Publishers shall be limited to the amount actually paid by you for the Work.

General:

1. Any dispute or claim arising out of or in connection with this License Agreement or the Work (including
non-contractual disputes or claims) will be governed by and construed in accordance with the laws of
Singapore. Each party agrees that the courts of the state of Singapore shall have exclusive jurisdiction to
settle any dispute or claim arising out of or in connection with this License Agreement or the Work
(including non-contractual disputes or claims).

2. Your rights under this License Agreement will automatically terminate without notice and without the


mailto:permission@benthamscience.net

need for a court order if at any point you breach any terms of this License Agreement. In no event will any
delay or failure by Bentham Science Publishers in enforcing your compliance with this License Agreement
constitute a waiver of any of its rights.

3. You acknowledge that you have read this License Agreement, and agree to be bound by its terms and
conditions. To the extent that any other terms and conditions presented on any website of Bentham Science
Publishers conflict with, or are inconsistent with, the terms and conditions set out in this License
Agreement, you acknowledge that the terms and conditions set out in this License Agreement shall prevail.

Bentham Science Publishers Pte. Ltd.

80 Robinson Road #02-00

Singapore 068898

Singapore

Email: subscriptions@benthamscience.net BENTHAM
SCIENCE


mailto:subscriptions@benthamscience.net

CONTENTS

FOREWORD oot i
PREFACE ...t ii
DEDICATION o il

LIST OF CONTRIBUTORS ..o Y
CHAPTER 1 INTRODUCTION AND CLASSIFICATION OF RADIATION ........ccccoveeennnee 1
Muhammad Magbool
INTRODUCGTION ..ottt ettt ettt ettt ettt etttk et st b bttt nesbebenen 1
Electromagnetic and Mechanical Waves .........cccocevererinininieieieiese e 2
Types Of RAIALION ...cc.veiiiiiiiiiieiceeee ettt sttt be bt ene 5
Bohr Atomic Model ...............cc.coociniioiniiniiiniciniiieieicteeeeete ettt 5
Excitation and De-excitation .... 6
JOMIZALION ...ttt 8
lonizing and Non-ionizing RAGIATION  ............ccccocceveioeieeiiiesiiieeeeieeeeeeee e 8
The Energy of Radiation and the Human Body ..........cccooceviiiiiiiiiiiniieeeeeeee 9
The Quantitative Difference Between lonizing and Non-ionizing Radiation ................ 9
lonization Produced by Electron or [-rays 10
lonization by other Charged Particles and Neutrons .............cccovcveeveeeeeeveenenencenennes 13
Non-Ionizing RAdiation ..........cceoiiiiirininieieeeeeses ettt 13
Types and Sources of Non-ionizing RAdiQtion .............ccccccevvevcenienenoenoeeieeneseneeenes 14
CONCLUSION ..ottt ettt ettt sttt ettt b ettt b et b ettt et e e b 18
ACKNOWLEDGEME 18
REFERENCES .......cccccccovienne 18
CHAPTER 2 TYPES OF NON-IONIZING RADIATION AND ITS INTERACTION WITH
MATTER ottt ettt b ettt b ettt eb ettt et beae st eaebenea 21
Bushra Intakhab and Muhammad Magbool
INTRODUCGTION ..ottt ettt ettt ettt b ettt ettt b st ne et seenebenen 21
Types of Non-Ionizing Radiation ..........ccccoceviriieriiiiiiiineeneeeetceteee e 22
STALIC FTOIAS ...t 23
UIFASOUNA. ...ttt 23
Extremely Low Frequency (ELF) ...ttt 24
RAAIO FFOQUENICIES ...ttt sttt ettt 24
MiICTOWAVE FTOQUENCIES  ........ceeeiiieiieiieiieieeesee sttt 24
TIFFPATOU ...ttt
Visible Spectrum ...
UIFAVIOLEL ...t
Sources of Non-1onizing Radiation .........c.ccceveriririninininieieeeeeseseee e 26
NAIUPAL SOUFCES ...ttt et 26
AFPLFICIAL SOUFCES ..ttt sttt 26
Summary of Types of Non-ionizing Radiation .. 28
Interaction of Nonionizing Radiation ..........cccceceveririeiiiniinenineneeeeeeee e 28
Mechanism Of INTETACHION ......cc.ccoiuiiiiiiiiiricieececeeece ettt 28
Static Field Interaction With TiSSUE ...........c.ccccccoueiouiirueineeeiinieineeeeeee e 32
Biological Health Effect of Static Fields ............cccouoioiioinviiinneiiiinineneneneseeeeens 32
Static Magnetic Field Interaction and Biological Effects .........cccccoovvivvevievinencenienicnns 33
Ultrasound Waves’ Interaction With TiSSUE ............ccccceeereeeeinecineneiireeieieneeeeeeens 33
Biological Health Effects of Ultrasound Waves ............cccocuevevenveenecoienenenenenennens 33

Extremely Low-frequency (ELF) Interaction With TiSSUE ..........ccecevevenceniencenceneneens 34



Biological Health Effect of Extremely Low-Frequency Radiation ...............cccccceenen. 34

Radiofrequency and Microwave Interaction with TiSSUE ...........cecevveeceeceenienenenenenaens 35
Biological Health Effects of Radiofrequency and Microwave .............cccccecercencenounenns 35
Infrared and Visible Radiation Interaction With TiSSUE ............ccccccevevvirvinceniencenoenneeeens 35
Biological Health Effects of Infrared and Visible Radiation .............cccccecoevevvenvcnccnns 35
Ultraviolet Radiation (UVR) Interaction with Tissue
Biological Health Effects Of UVR .......cccoooviiiniiiiiiieieieeiesese sttt
CONCLUSION ..ottt ettt ettt sttt et b btttk et b bttt bt nsebeseenaenes
REFERENCES .....coiiiiiiiiiiectr ettt ettt ettt bttt naenes
CHAPTER 3 ELECTROMAGNETIC FIELDS AND RADIATION ....cccccoiniiiincieneiccnenene 38
Md. Kamal Hossain and Mohammad R. Haider
INTRODUCGTION ..ottt sttt sttt et be bbb
ELECTROMAGNETIC FIELDS
Electrostatics .........c.cccvevererennen
Coulomb’s LAW ..o
ELECHrIC FIELA .ottt
Gauss’s Law for Electric Fields ... .. 42
IMAGNELO-SEATICS  ...vviveuietitetietee ettt ettt ettt ettt e st e ettt e et et e st st e st et e e ese et ene b e e eneeseneenennas 43
AMPETE’S LAW .ottt ettt st 43
MaAGNELIC FICLA ..o.eiiiiiieiiieeee ettt 44
Gauss’ Law for Magnetic FIelds ........cocooiiriiiiiiiicieeeee e 44

Electrodynamics ............ccceeeeruenenne.
Ampere—Maxwell Equations
ELECTROMAGNETIC WAVES

MaxWell’s EQUALIONS  ..c.vouiiiiieiiiieieieieicee ettt ettt sae e eeeene

Plane Electromagnetic WaVES ........cccoerieirieireieiieieieteeet ettt 50
ELECTROMAGNETIC SPECTRUM ....c.ccooiiiiiiiiieiinieicenineeteitese ettt seenenens 50

Electromagnetic RAdiation ...........ocoiiieiiiiiiinieeieee e 51

Non-lonizing Electromagnetic Radiation 52
lonizing Electromagnetic RAAIQLION  ............ccccccovoiveiincieiiiiiiiniininineeeeeeeeaeneenee e 52
SOURCE OF ELECTROMAGNETIC RADIATION ....ccooooiiiiiiiineieeineiccenereeneseeveneee 52

Forms of Non-Ionizing Radiation ...........cccccoieiiiniiinieieeee s 53

Forms of Tonizing Radiation ..........ccooiiiiiiiiiiiie e 53

Extremely Low Frequency

RAdIO FTEQUENCY ...ttt

IMIECTOWAVES ...ttt ettt sttt eaens

INFTATEA .ottt ettt

VISIDIE LGN .ottt a et ene

Ultraviolet .....

X-Rays .......

Gamma-Rays ........

CONCLUSION ..ottt ettt sttt s ettt ettt b e ss b seesaebenean
ACKNOWLEDGEMENT  ...c.ocoiiiiiiiiiiiiieietneet ettt ettt s et neenes
REFERENCES .......coiiiiiieitettne ettt ettt sttt aenenean

CHAPTER 4 ULTRAVIOLET RADIATION: BENEFITS, HARMS, AND PROTECTION ...... 62

Jabari Robinson, Rahima Begum and Muhammad Magbool
INTRODUCGTION ..ottt ettt 62
Types 0f UV RAIAtION ...c.cceevieiiieieieiesiesieseseeee ettt ettt eteesa e esaeaessessessesseeseesnenees 63
Ultraviolet Radiation Type A (UVA) .....cooeeeecieieieieieiesese e sse s 64

Ultraviolet Radiation TYPe B (UVB) .....cuceeieieieieieieriesiesie e eeeeesesseae s sse s enas 65



Ultraviolet Radiation Type C (UVC) ....cocovireieiiiieieeneieeieeteeeete e 65

Extreme Ultraviolet Light (EUV) ......cocoooueiiiiinininiieieeteeesesese et 65
Interaction of Ultraviolet Radiation with TiSSUES .......c.cccoiiiiiiiiiiiieiiiiciec e 66
Benefits and Uses of UV Radiation ...........ccccoooiiiiiiiiiiiiiiii et 68

Vitamin D Production ...............ccceoocueecueeecieeeieeeeee e et ee e et eveeeeveeeeaaa e 68

Impact of Vitamin D Levels on COVID-19 Mortality Rate ... 69

TANRING .ottt ettt ettt sttt st s b sbe e bt e ste e bt entesaneeaee
UV Laser it the EYe SUFZEFY .....cccueieieieieieieiiesiesie ettt
Other Benefits of UV RAAIALION  .......c..couevueieiiiiiiiiiniiiieieeeeeeeteee ettt
Ultraviolet Radiation Hazards .............cccocoiiiiiiiiiniiiiccccc e
Erythema (Sunburn)
Premature AGing of the SKill ........cccccovieiiiiiiiiiiiiiieeeeeeeee et
Suppression of the Immune System (AIDS) ........cccoevevenenoinininieieeereseeeeeeeeeaes
SKIN CANCET ...ttt ettt
Non-melanoma SKint CANCETS ..........ccccoceviiirieiiiiiiesieneseeeeteet ettt
Basal Cell Carcinoma  ...............
Squamous Cell Carcinoma ...
Malignant Melanoma  ................
Ultraviolet Index and SKin Damage ..........ccccoevirereniniiieiereeeeieeeeee e
Personal Risk FACLOIS .......cccoiiiiiiiiiiiiciceece et
Genetic Factors ...
Skin color .........eeuee....
Environmental Factors ...
ENVironmental FACIOTS ........cccooueueviiiiiiiiiiseeeeeeee ettt
Damage t0 the EYES ..cc.coiiiiiiiiii ettt
Cataracts FOrmation ............ccuveveeveennne.
Photokeratitis and Photo Conjunctivitis ...
Macular Degeneration and Pterygium .
Eye SKint CANCET .......couoiiiiiiiiiiiieeeeee ettt
Global Burden of Disease ASSESSTNENE ..........cccuevuevueririsieieieteieiesiesie e sieeeeeens
Protection from UV Radiation ..........ccccccovecininiinicnicnennee
Factors Affecting UV Radiation Reaching the Ground
Cover up with CIOthing .........cccoovevoivoenviniiieieieenenene
Wear a Hat and use Lip BalM .........ccccccooceeiviniiiiiiiiieiesesieseeeetete e
USE SUNSCIEEI ...ttt ettt sbe it eneens
Apply Broad-Spectrum SUNSCTEEN ..........ccccccueieirieiiieiieieeeseseseeeet et
Sun Protection FACIOT (SPF) .....ocuooueieeeeeeeeeeeeese et ete ettt sveesaaeaeenaeenseenes
Wear Sunglasses
Tips about Sunglasses and UV EXPOSUFE .......c.ccocueeeeeieneeneniniiieeeeeteieiesiesie e
Peripheral Vision, Contact Lenses, and UV Protection ............cccccucveeeveeneencnccnenncns 100
Children Receive more UV than AQUILS ............ccocoevevoeeiiiiiniiniininiieceeeeeeeseees 101
UV Devices and Engineering COntrols .........ccevererererinininieieniesenesieeieeieeteeeee e 102
Other Common UV Devices in Labs
Administrative CONLIOLS ......c.oouiiiiiiiiiciiiieicee et
Accident INVESIZAtIONS ....cc.evvertiriiriiiiieieteiestese ettt b ettt ettt b see st ebeeneens
CONCLUSION ettt ettt a e st be st eae e saene
REFERENCES ..ottt sttt st saens

CHAPTER 5 VISIBLE LIGHT: BENEFITS AND HARMS ....c.cccooiiiiiniiinneceeceneeeveeeneenenes 109
Robert Heath and Muhammad Magbool
INTRODUCGTION ..ottt sttt ettt ettt 109




What is Visible Light? ...ttt 109

INTRODUCTION TO THE ELECTROMAGNETIC SPECTRUM ......ccccoceuiiniiiininrenienne 110

DAILY LIFE PHENOMENA BASED ON VISIBLE LIGHT .......ccccocccecnniiininniinnereene 112
How Do We See Objects Around US? ........ccooeriririiieieieieniesiesiesiesicete et 112
HOW We S€€ ColOTS? ...ttt sttt 113
Why Red Light can be seen from Far in Fog as Compared to Blue Light? .

COMMON USES AND BENEFITS OF VISIBLE LIGHT .......cccocccconiiiiinicireneccnneenens
ASITOTIONMLY ..ottt ettt ettt ettt ettt e b e b e s b e sb e e bt eb e eb b es b e st et e b e sbeebe e bt ebeebeent et enbenbentenbenaenee
Visible Laser APPIICATIONS .....cc.evuiririiieieierienieriesi ettt ettt ettt s sbe e eseens

DIGIEAL SCPOENS ...ttt ettt
Sunlight
LIGRE BUID ...ttt
GLOW SHCKS ettt sttt
LEDS .ottt sttt ettt
FATOCTACKEFS ...ttt
TelEVISION ...ceeeeeeiieiieeeeee ettt

HARMFUL EFFECTS OF VISIBLE LIGHT ON THE HUMAN BODY

Threats to the EYE ......couoiiiiiiiiieeeeeeeeteeeee s .
Age-Related Macular Degeneration (AMD) ...........ccccooevevoenieieiieiieniieneneneneseeeene
CALAVACES .ottt ettt ettt st b e e bbbt et e et enbesbesae e
Damage to the Eyes .........ccccvoevoeevinenenennnne.
Chronic Blue Light-Induced Retinal Injury

Threats to the SKIN .......ccooiiiiiiiiice e

STANDARDS FOR PROTECTION AGAINST VISIBLE LIGHT EXPOSURES ................. 125

HIERARCHY OF EXPOSURE CONTROLS .......ccocviiiimimieiiinieieininieieenineesesen et neeneseenens 126
Elimination and Substitution ..........c..cccc......

Engineering and Environmental Controls

Administrative Controls ...........cccocccevincennne

Personal Protective Equipment (PPE) ......c.oooiiiiiiiiieeeeeee e

PROTECTIONS FROM THE HAZARDS OF VISIBLE LIGHT EXPOSURE ..................... 129
Safe Practices — PPE EXpanded ..........cccooooiiiiiiiniiieieeeeecceeeeeee e 129

EVEWEAT ...ttt ettt 129
FACE SRIEIAS ...t 130
GLOVES .ttt h et b ettt et bbbt be et aeen 131
LD COAE ...ttt st 131
Caution / Warning Signs Associated with Light Emitting Hazards ............c.coccecueue... 131

Additional Information about the Effects of Visible Light .........ccccoceviiiiiiiiiinininininneeene 131

CONCLUSION

ACKNOWLEDGEMENT  .....ocoiiiiiiiiiiiininieieininicietree ettt ettt s ettt sttt sttt saenes 137

REFERENCES ....ooiiiiiiiinetccr ettt ettt ettt ettt na b 137

CHAPTER 6 LASER AND SAFETY FROM LASER BEAMS .......ccooooiiieeeeeeeeeeeeeeeee e 140
Hatem Aldeeb and Muhammad Magbool

INTRODUCGCTION ..ottt ettt e eae e et e et e e e e eateeseeeaeeeseeereeeseereenseeneean 140

LASER PHYSICS ..ottt ettt ettt e te et e et e e s e eateeseeeseeseeseeseenneeneeans 142

Stimulated EMISSION ....ccviivieiieiiiiieieieietintieieetee ettt e st e st e stestesteeseeseeseesaessessesessesseeseessesseses 142

Conditions for Stimulated EMISSION .....c.ccevuivieieieieieieriesiesteeeeeeeeseeseesaesse e ssesse e eseesnesnes 142

GAIN MEAIUM ...t e e et e et e e et e e e te e e eateeeataeeaneas 143

Population INVEFSION ..........cccceceeievueviirininineitetetestesteste sttt 143

Metastable State




Cavity and LASING ACHION  ......cc.ooeeueeiiiiiiiiinieseseeieetetete ettt 146

PROPERTIES AND CHARACTERISTICS OF LASER LIGHT ........ccccoooviiiiiiceeeee. 147
Laser-tissue INEraCtiON .........cc.oooiuiiiiuiiieiieeiee ettt e et et e e e et e e eaee e eateeeteeeaaaaas 149
LASER CLASSIFICATION AND HAZARDS ... 149
Laser ClasSIfICATION ......cc.ecoiuiiiiiiiieii ettt ettt ettt e et eat e e et e e e teeeeateeeaeeeeaaeeeaseeenneas 149
Class 1
CLASS 2 oottt ettt e ettt e e ete e et e e e te e etaeeaaaaaas 150
CLASS 3 oo ettt et e e et e et e e et e e e ete e et it e e eteeeraeeataaaas 150
CLASS 4 oottt et e e et e et e e et e e e ete e et e e ete e etaeeaaaaaas 150
Laser Safety Standards ........cccoooeieiiiiieiiee e 151
Laser Hazard
Hazard Associated with Laser Beam ............ccocoooiiiiiiiiiiiii e 153
EVO INJUFY oottt bbbttt 153
SKI IIJUFY oottt sttt ettt 162
Non-Beam HAzZards ..........coooiiiuiiiiiiiiic ettt ettt 163
FIre HAZAVA .........ooocuoeieeeeeeeeeeeeeeeeeee ettt ettt et e ettt e e e e e aeeeeaaa s 164

Electrical HAZATAS  ........cc.cooviiiiiiiiiiiiieeseseetet ettt 164
Laser Generated Air Contaminants (LGAC) ........cveceeveeceeeeeeieeeeeienieeseesieesie e

Compressed Gases
Explosion Hazards

Chemical Hazards .......
Collateral Radiation ...
Plasma Radiation ...........c..cccecevevencencenenann.
Radiofrequency (RF) and Microwave (MW) .......cccccovevevenoenvenininenieeeiesiesee e 167
LONIZING RAAIATION ...ttt st
NOISE e
Laser-Related Hazards in a Hospital Setup ....
Fire Hazards ..........cccoocvoevoenccncccnecncnan.
ReSPiratory HAZATA ...........cccooeeieiiiiiiiiiiiiieieeteeeese sttt
Electrical Hazard .............cccccoooviiiiiiiiiiiiiiiesesesest ettt
Laser Safety and Hazards Control ..
Engineering Controls .....
Protective Housing ......
TNEEFIOCK ..ttt bbb
Automatically Activated Interlocks and Panel Control for Class 3B and Class 4
LGSCES ettt sttt 175
Additional Cautions about Controlling Class 3B LaSEr .........cccuceveeveeceeceeeeenenenenenae 175
Additional Cautions about Controlling Class 4 Laser
Laser Protective Barriers, ANA CUTIAITS ...ccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeseseeseeneees
LaSEr BeAM PN ...ttt bttt
WATTING SIGIS ..ottt ettt ettt sbe b b eieens
Administrative and Procedural CONIFOLS ............cccevueviivinoiniiiiiiieieieieesesesenieae
Standard Operating Procedures (SOPs) ...
Personal Protective Equipment (PPE) ........c.ccocovueviiviniiininineeieeeteteieiesee e
Education, Training, and PrO@ram .............cccoceverenininieieieietesesiesie e e sieseeeens
Types of Laser Safety TrAINING .......ccccoceeeeieinirinieieieesesees ettt
Control Of LASET ATEAS .....c.couirieuiiiiiiiiieiieieiete ettt eaees
Minimum Requirements for Laser Control ...
Warning Signs .......ccceeeevevenenceneneneneeeenen
Beam Alignment ...................

Pre-Alignment PrOCEAdUYe ............cccoociioiiiiiiieieieieiesieseeesie sttt



During AlIGNment PrOCEAUIE ..........c.cccoviriiiiiiiiieienieseeeeteeit ettt

After ALIGNmMent PrOCEAUTE  ...........occooeeieiiiiiiiiiisiieieieeetetee ettt
Additional Guidelines for Alignment
INSPOCHION ...ttt ettt
Regulatory REGUITEIMENES .........cccceeeueeieieieieieseesie sttt sbe ettt st e
Ten Golden Rules in Laser Safety ...
CONCLUSION ..ottt ettt ettt bttt et a btttk et b bt e et bt nsebeseenaenes
ACKNOWLEDGEMENTS ....ocoiiiiiiiiniieietnee ettt ettt ettt ettt saenes
REFERENCES .....coiiiiiiiiiiectr ettt ettt ettt bttt naenes
CHAPTER 7 INFRARED RADIATION: BENEFITS, HAZARDS, AND PROTECTIONS ....... 203
Muhammad Magbool
INTRODUCGTION ..ottt sttt ettt be e beaeen
Types of Infrared Radiation and its Penetration Ability ...
Benefits and uses of Infrared Radiation ..........c.ccccveunnnee.
Night Scope or Night ViSion DeViCe .......c..c.ccoceeeveeeevieninininininieeeteteeeseesee e
TREFMOZIADAY ..ottt sttt ettt
Infrared Therapy for Wound Healing and Pain Removal ...............ccccoouvvovieenenncnn. 213
Infrared Contactless Thermometer ... .. 216
Infrared Spectroscopy ............cceceveuec. . 217
Infrared Radiation in COMMUNICALION  ...........ccovueeeueneinieieiiseieee et 217
Hazards and Harmful Effects of Infrared Radiation ..........c.cccooeeoinnecnnncicnncceneecnene 218
Eye Damage .........coccoeveveeveininiiiiiiiiineen, .. 219
SKil DAMAZE ...ttt sttt ettt 225
Pre-Mature Skin Aging With IR EXPOSUFE .......cc.cccovimerenenieieieieienienienieneniesieeieeneens 226
ETythema b GQNe .......c..cocoeeeiiiiiniiiisiiiiieeiteteeeee ettt 227
Greenhouse Effect and Undesired Heating of the Atmosphere ..............cccccccuneennnne. 229
Protection from the Hazards of Infrared Radiation ...........ccccoeveivneccinncicnnccnncccnnenee 232
General Principles of Skin and Eye Protection ...............c.cccucueevoeneoineeesieneeneeenens 232
Eye Protection
Personal Protective Equipment (PPE) ...........ccccoceviivivinininininineeeeteeeeneeseeneeaean 234
GOGgle ANA EYEWEAT  .......ccuevuieeieiieiieiieiiiciesiesie sttt sttt 234
FaCE SRIEIAS ...t
SKiN PLOTECHION ...vevvieinieieiiniietciiinetcitte ettt ettt ettt ettt sn e st ee
Gloves and Coats
Free Radicals and Singlet Oxygen SCaVenging ..........cccececeeevevenienienienieneeeeeeneeneens 237
The use of Signs for IR PrOteCHiON  .........cccccieeueeneieieieieeeeieie et ee 237
CONCLUSION ..ottt ettt ettt sttt st b ettt b ettt na s seeneenes 238
ACKNOWLEDGEMENTS ......coiiiiiiiiieiteettneteeens ettt ettt sttt saenes 238
REFERENCES .......coiiiiiectettne ettt ettt ettt ene b 238
CHAPTER 8 MICROWAVES AND RADIOFREQUENCY RADIATION: BENEFITS, RISKS
AND PROTECTION .ottt et ettt 242
Ezequiel Gonzalez and Muhammad Magbool
INTRODUCGTION ..ottt ettt 242
Background and Interaction with @ Meditm ........cccocceviviiieiieieieieieseceee e 244
Benefits and Uses of Microwaves Radiation ............cccccveeueuiinnieeinnieenineeeieneeeeesneneeenens 249
COMMUNICALION ...ttt sttt ettt beene s 250
MECAL ...t 252
Microwave TOMOZFAPRY  ........ccveeveeveeieeiieieeieeeeeeeete e ssessesse et et ssesessessessessessessaeseens 253

Benefits and Uses of Radiofrequency Radiation ...........cccceevveieieiiinieninencseeeeieeeiesiesieeens 258



Risks Associated with Radiofrequency and Microwave Radiation and Protection from
TREIN .ttt et
Concerns about 5G RaAdiQLioN ...............cccccouvieuiiriiiininiincieeeeeeee e
Possible Effects of 5G RAAIQIION .........cccoocevireiiiiiiiiiieieieeeeeeeeetetee e
5G Mechanics and EffectS .........cocoiiniiriiiiiieieiesesesest ettt
Additional Information about 5G Radiation Concerns
CONCLUSION ..ottt ettt ettt bttt et a btttk et b bt e et bt nsebeseenaenes
ACKNOWLEDGMENTS ..ottt ettt ettt bbbttt et s s eaene
REFERENCES .....coiiiiiiiiiiectr ettt ettt ettt bttt naenes

CHAPTER 9 RADIATION FROM MOBILE PHONES AND CELL TOWERS, RISKS, AND
PROTECTION oottt ettt sttt ekt b ettt s b et naenes 292
SAR Mortazavi, Kanu Megha, Seyedeh Fatemeh Shams, Sahar Mohammadi and SMJ
Mortazavi
INTRODUCGTION ..ottt ettt be et seaenen 293
Oxidative Stress and DNA Damage .......ccccoeeveirieieiinieineieeesecete ettt 294
Carcinogenic Effects Of RF-EMF .......oooiiiiiiiiee e 295
J-Shaped Dose-Response Models ...
Reproduction and Fertility ........oocooeriiiriiiieeee e 299
COZNItIVE FUNCHION ...eiiiiiiiiiiitieiee ettt ettt 300
EMEF Effects 0n MICTOOTZANISINS ....ccuiveuiateieririeniateteeenteseeteeesesteneeseneesessesesseseesesseneesessenessenes 301
Mobile Phone Base Stations’ Risks and Protection ...........c.cocececeereeennereennereinennerecenennene 302
Cell Phone Towers in Perspective
Neurological Effects of MPBSs ...
Carcinogenic Effects of MPBSs ...
Other Health Effects Of MPBSS ......ccoociiiiiieeieeetee ettt
Specific AbSOrption Rate (SAR) .....cccccoeeerieiieieeeeee ettt
TransmisSion CRAFACIEVISTICS .......ccueouevuereereniiieieeieiete ettt ettt
Electrohypersensitivity (EHS) ....oooooiieiiieieee et
RF-EMF and COVID-19 Infection ....
Other Bioeffects Of RF-EMES ....c....cciiiiiiiininiccinniecineiceneieictse ettt seeneseeeens
Protection Against RF-EMFE ...t
CONCLUSION ..ottt ettt sttt ettt ettt b ekt b bbbt ssene et neenen
REFERENCES .......coiiiiiiieitettne ettt ettt sttt enenean

CHAPTER 10 ULTRASOUND AND HUMAN BODY SAFETY ..o 326
Hina Arif-Tiwari, Michael Craig Larson and Muhammad Magbool

INTRODUCGTION .ottt ettt sttt ettt eenteneeeen

Ultrasound principles

Acoustic intensity

TREFMAL EffECLS  ..oevenveeeereeieeeeeeieeteieste sttt ettt e s s besbe et esaessessessesessessessassnesnans

Thermal Index ......

Mechanical index

Clinical Considerations

Prenatal Diagnostic Ultrasound and Fetal Safety CONCErns .........cccooceeeeevveriesienenns 333
Therapeutic UIFASOUNT  .............cooeueeueeeeieieieieieteietesiesesae e etesseessessesesessessassessenns 335
CONCLUSION
REFERENCES
CHAPTER 11 NONIONIZING RADIATION SAFETY AND REGULATIONS ..., 340

Norman E. Bolus and Muhammad Magbool
INTRODUCGTION ..ottt ettt ettt ettt s et s et et st eses et ssetene e esesenen 340



RADIOFREQUENCY REGULATIONS ...ttt 341

From the United States Code of Federal Regulations Title 47 subpart 1.1310: .........ccc...e. 341
§ 1.1310 Radiofrequency Radiation EXposure Limits .......c..cccooeveeveeeieiienenenenenienenas 341
Note to Paragraphs (A) through (D) ........cccocevivinininiiiiiieieeeeeesese et

Cellular Telephone Specific Absorption Rate (SAR)
Mobile and Portable Devices used as Follows: ...

MICROWAVE RADIATION REGULATIONS .....cccooiiiiiiiiieiiininiecinereitereerereenseseiesesaenenens
What are the Occupational Exposure Limits for Microwaves? .........cccocevveverveneeienienennenne. 347
INFRARED RADIATION REGULATIONS ..ottt ettt sesneneaes 348
American Society for Testing and Materials .........ccccoceveririiieiiiiiiienereseeeeeeee e 349
ANSI
Danish Technology INSHEULE .......ccoiiiiiiiiiieieieeeeeeee e 349
INfraspection INSHIULE .......ccooiiiiirieieieeer ettt ettt ettt st s sbeebeene 350
International Electrical Testing ASSOCIAtION .....ccevuerierieierierienienienieeieeieete ettt 350
International Organization for Standardization ..........c..coceeceeveerieiiiniininineneeeeeeeee e 350
National Fire Protection ASSOCIAtION .........cceoirieuiiuiieiinieiiieieienee et 350
Roof Consultants Institute ...................... ... 350
UNIted StAtes NAVY  ..eeuiiiiiiieieierteiteteet ettt sttt ettt e bbb bbbt et e et e ntente e 351
LASER REGULATIONS ....coiiiiiiiiiititninietctnteetet ettt et ettt ettt sttt 351
WHhat 15 @ LASEI? ....oouiiiiiiiiiiceee ettt 351
What are Lasers used for? ........cccocveeeeuenene
What is FDA's Role in Regulating Lasers?
Laser Hazard Classes ...........cccoceveenvenvenennence.
ANSI Regulatory Requirements for Laser
Laws, Regulations, and Standards ...........cocevieierininininieeeeeeseecee e
UV RADIATION REGULATIONS ......
What is UV Radiation? (8) From ........cccccevvevveviveciinnnnns
What are the Different Types of UV Radiation? ...........ccccoceveeeeveviieiienieninenieneneeeens
Ultraviolet Light Safety GUIAEINeE ...........ccccocoeeriiiiiiiiiiiinineneeeeeeeeeeee e
TrANSIIIUMIRALIOT ..ottt
Hand-held UV URits ......cccoovvevvinvinvininnnnnnn
Germicidal Lamps in Biosafety Cabinets
Germicidal Lamps in Clinical Units ..........
Germicidal Lamps il LADOFALOTIES  ..........cccueeeeerieniisiiiiaiieieiteieieieiesie et
BIACKIIGRE ..ottt
UV Treatment Booths in ACF Dermatology .......ccccccovereririiieiieienienenenieseeeeee e
UV LASETS .ttt
Overview of Occupational Health and Safety Administration (OSHA) Regulations for
Non-10nizing RAGIALION  .........ccoeveeiiiiiisiiiiiiieiieteee ettt sttt 363
Consensus Standards American National Standards Institute (ANSI) Laser Standards 365
CONCLUSION ..ottt ettt ettt ettt bttt bttt sttt ne ket ebebenen 365
ACKNOWLEDGMENTS ...c.oiiiiiiiiiiiineieittnt ettt ettt ettt sttt b bttt et be e eaene 366
REFERENCES .....coiiiiiiiiiccrtn ettt ettt bttt ettt ettt naenes 366
CHAPTER 12 NONIONIZING RADIATION RISK MANAGEMENT AND SAFETY .............. 367
Ahmed Nadeem Abbasi, Abdul Qadir Jangda and Asad Yousuf
INTRODUCGTION ..ottt ettt sttt et be et seaeen
Interaction With MAtter .......c.ceceviririeueriniiietiinieieietr ettt ettt st snenenene
Biological Interaction 0f NIR ........ccoiiiiiiiiiieee e

Management and Safety from NIR Exposure ..
Administrative COMIFOL ............ccocuevuiviviiniiiiniiieteteeesesee ettt




Engineering Control

CONCLUSION ...
REFERENCES ...

SUBJECT INDEX ...



FOREWORD

Radiation has been used in many fields and areas, including but not limited to astronomy,
environmental analysis, industry, medicine, and the military. The use of radiation has brought
a revolution in medicine and healthcare due to its astonishing therapeutic and diagnostic
applications. It has also been a fact that radiation causes many complications and can harm
the human body in many ways. Shielding and protection from radiation are equally important.
Researchers, clinicians, and scientists have widely discovered the hazards and harms of
ionizing radiation and mechanisms of protection from ionizing radiation. On the other hand,
the harms and strength of hazards of non-ionizing radiation are yet to be discovered in detail.
Due to the recently emergent uses and applications of non-ionizing radiation in many areas, it
is important to investigate the adverse effects of non-ionizing radiation and mechanisms and
strategies of protection from non-ionizing radiation. Several investigators have reported non-
ionizing radiation. However, those reports are limited to a portion of non-ionizing radiation.

After reading and analyzing the book “An Introduction to Non-Ionizing Radiation” authored
and edited by Muhammad Magbool, Ph.D., along with other co-authors, I have reached the
conclusion that this book provides detailed and to-the-point information about non-ionizing
radiation. The book is unique because of the following reasons:

First, the book discusses and reports information about all types of electromagnetic non-
ionizing radiation, from the most energetic ultraviolet radiation to the very low-energy
electromagnetic fields and radio wave radiation. Second, the book has also discussed non-
electromagnetic (mechanical) non-ionizing radiation, including ultrasound and audible sound.
Third, the subject of this book is not just limited to the benefits or harms of non-ionizing
radiation, but benefits and harms are discussed in a very systematic way. Fourth, the book is
compiled based on the latest information provided about non-ionizing radiation by
researchers, clinicians, educators, and scientists in the field. In addition, the style of each
chapter of the book is very attractive. Each chapter provides an introduction to a certain type
of non-ionizing radiation, the basic properties of that radiation, the benefits of the radiation,
followed by the harms and hazards associated with each particular type of non-ionizing
radiation. Strategies for how to protect from the adverse effects of each type of non-ionizing
radiation have also been given in each chapter.

Overall, I believe that “An Introduction to Non-Ionizing Radiation” is a very informative and
unique book that describes non-ionizing radiation in very detail and to the point. Moreover,
the book is written in such a way that undergraduate students, graduate students, professors,
clinicians, and researchers can take advantage of this book at the same time. I recommend this
book to be a part of every library, university and institution.

Wazir Muhammad
Department of Physics
Florida Atlantic University
Boca Raton

Florida

United States
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In the name of Allah, the Most Beneficent, the Most Merciful. I am very thankful to Allah
Almighty for giving me the ability, the capabilities, the resources, and the courage to
complete this task.

Medical and Health Physics is a broad and one of the fast-growing fields around the world,
based on the safe use of radiation. The enormous benefits of radiation used in diagnostic,
therapeutic, and healthcare applications have made researchers further explore this field.
Because of its interdisciplinary nature, medical and health physics is open to researchers,
investigators, and educators from many basic and applied fields. The entire area of medical
and health physics is based on radiation and its proper uses. Radiation is a blessing due to its
revolutionary pros, benefits, and use in many fields. In this regard, I and my friends and
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fundamental concepts, characteristic properties, uses, benefits, and especially the harms and
hazards associated with nonionizing radiation. The frequent use of lasers, mobile phones,
antennas, infrared radiation, visible light, and ultraviolet radiation compelled me to write
about and report the latest findings on the harms and hazards associated with the use of
nonionizing radiation with their beneficial applications. Thus, this book provides a brief
understanding of the fundamental concepts of nonionizing radiation. The book talks about
how nonionizing radiation can be used to serve and help people. The book also discusses the
nature and strength of harms and hazards one can get from nonionizing radiation exposure. At
the same time, this book also talks about how safety and protection from the adverse effects
of nonionizing radiation can be attained during its beneficial use by following proper rules,
regulations, and guidelines.

In completing this task, I am very thankful to all authors who contributed valuable ideas to
flourish the beauty and depth of the subject matter discussed in this book.

I am very thankful to Humaira Hashmi and the Bentham Books publisher, who helped and
cooperated to achieve this astonishing goal.

Muhammad Magqgbool

Department of Clinical & Diagnostic Sciences
The University of Alabama at Birmingham
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CHAPTER 1

Introduction and Classification of Radiation

Muhammad Magqbool"*

! Health Physics Program, Department of Clinical & Diagnostic Sciences, the University of
Alabama at Birmingham, Birmingham AL-35294, USA

Abstract: We interact with several types of radiation in our daily life and on certain
occasions. Even though all radiation carries some common properties but there are still
several differences between them due to different characteristics and effects. Based on
the characteristics and applications, radiation is divided into two main categories:
ionizing and non-ionizing radiation. A brief introduction to both types of radiation is
provided here. Similarities and differences in radiation are discussed in detail to justify
why nonionizing radiation is different than ionizing radiation. Very little has been
explored; nonionizing radiation needs more attention. Therefore, more emphasis is put
on nonionizing radiation, its properties, classification, wavelength, and energy range,
and why nonionizing radiation plays an important role in our lives, which are reported
here.

Keywords: Acoustic wave, Bohr’s atomic model, Energy, Electromagnetic wave,
Nonionizing radiation, Wavelength.

INTRODUCTION

Radiation is a source of energy that originates from a source and travels through
space or a medium. Upon interaction, radiation may be able to penetrate, scatter,
or be absorbed by materials. Radiation energy can be electromagnetic or
particulate. In general, when people hear the word radiation, they often think of
nuclear power and radioactivity, and at the most, some people will pay attention
to alpha (o) rays, beta (B) rays) and gamma (y) rays), but radiation has many other
forms. Visible light is a familiar form of radiation; other types include x-rays,
ultraviolet radiation, infrared radiation (a form of heat energy), microwaves (used
in microwave Owens at homes), and radio and television signals. Radiation may
be obtained from various sources, including cosmic rays from the universe, and
the earth, as well as man-made sources such as those from nuclear fuel and
medical procedures. Radiation has been used in many industries, including
diagnostic imaging, cancer treatment (such as radiation therapy), nuclear reactors
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with neutron fission, radioactive dating of objects (carbon dating), as well as
material analysis. The biggest source, from which we get radiation, is the sun.
Radiation carries and transmits energy in the form of waves or particles. Radiation
possesses benefits and harms at the same time if overexposure occurs [1].

Though it possesses dual nature, radiation with zero rest mass is generally
considered a wave, and radiation with some rest mass is considered a particle. X-
rays, visible light and infrared rays all are waves. Electrons, protons, neutrons,
and a-rays are particles since they possess rest mass.

Radiation with zero rest mass (waves) i1s classified into two categories:
Electromagnetic waves (or electromagnetic radiation) and mechanical waves.

Electromagnetic and Mechanical Waves

There are many types of waves, and although they all have things in common,
there are also characteristics and behaviors that distinguish them from each other.
The two major classifications of waves, based on their nature and characteristics,
are called electromagnetic waves and mechanical waves [2]. A brief description of
those waves is given below:

Electromagnetic waves do not need a medium for their propagation and can pass
through a vacuum. Visible light, ultraviolet (UV) rays, and microwaves are
examples of electromagnetic waves or electromagnetic radiation. Big vacuums
exist between the earth and the sun, but the light emitted from the sun can reach
the earth because the light is electromagnetic in nature and passes through the
vacuum. An electromagnetic wave carries electric and magnetic fields. Both fields
oscillate perpendicular to each other as well as to the direction of propagation of
the wave. Due to this behavior, electromagnetic waves or electromagnetic
radiation are also called Transverse Waves. The propagation of an
electromagnetic wave, with transverse electric and magnetic fields, is shown in

Fig. (1).

Mechanical waves are those waves that need a medium for their propagation and
cannot pass through a vacuum. The medium in which these waves propagate
could be gas, liquid, or solid. Sound and other acoustical waves are examples of
mechanical waves. When sound (mechanical waves) propagates, it oscillates the
medium in a direction parallel to the direction of the wave propagation. Due to
this behavior, mechanical waves are also called Longitudinal Waves. Propagation
of sound (mechanical wave) with longitudinal oscillations, is given in Fig. (2).
Mechanical waves are also called elastic waves, as their propagation depends on
the elastic properties of the medium through which the waves pass.
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Fig. (2). Sound wave propagation, making compressions and rarefactions.

Electromagnetic waves are produced by the vibration of the charged particles, and
are caused because of varying magnetic and electric fields. Maxwell’s equations
imply that a time-varying electric field generates a time-varying magnetic field
and vice versa. These varying fields are thus described as “interdependent,” and
together they form a propagating electromagnetic wave. The ratio of the strength
of the electric-field component to that of the magnetic field component is constant
in an electromagnetic wave. It is known as the characteristic impedance of the
medium (1) through which the wave propagates.
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CHAPTER 2

Types of Non-lonizing Radiation and its
Interaction with Matter

Bushra Intakhab' and Muhammad Magbool**

" Department of Physics, Florida Atlantic University, 777 Glades Road, Boca Raton, FL 33431,
USA

? Health Physics Program, Department of Clinical & Diagnostic Sciences, The University of
Alabama at Birmingham, Birmingham, AL 35294, USA

Abstract: We encounter radiation in our daily life. Emission or transmission of energy
in the form of waves or particles is known as radiation. There are two types of radiation
— ionizing and non-ionizing. The types and interactions of non-ionizing radiation with a
medium, materials, or body tissue are discussed in this chapter. Non-ionizing radiation
has less energy than ionizing radiation; it does not possess enough energy to produce
ions or ionize body tissues and cells. Non-ionizing radiation includes Static fields,
ultrasound, and a part of the electromagnetic spectrum. Sunlight, mobile phones, the
earth’s magnetic field and electrical appliances are some of the common sources of
nonionizing radiation. Although these radiations have low energy, they have many
useful applications, especially in medicine. Non-ionizing radiations originate from
various natural and manmade sources. It has always been present and is all around us.
These radiations cannot destroy human tissues by ionizing body atoms, instead, they
can destroy body cells by excitations, heating, vibration, phonons generation, and
chemical changes because of the relatively low energy of the particles of nonionizing
radiation. Non-ionizing radiation has many beneficial applications, including uses in
agriculture, medicine, industry, and research. As the use of nonionizing radiation
increases, so does the potential for health hazards. In this chapter, we will look at non-
ionizing radiation, the way it interacts with matter, and some of the potential biological
health effects produced by various types of non-ionizing radiation.

Keywords: Biological effects, Electric and magnetic fields, Electromagnetic
wave, Infrared, Interaction, Low energy radiation, Ultraviolet.

INTRODUCTION

The Electromagnetic (EM) spectrum is known to comprise a wide range of
electromagnetic radiations. All electromagnetic waves travel at the speed of light
in a vacuum; they do so at different frequencies, wavelengths, and photons energ-
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ies. The EM spectrum is mainly classified into two portions, namely Ionizing
radiation and non-ionizing radiation. lonizing radiation is those electromagnetic
radiation that carries enough energy per quantum to ionize atoms or molecules.
Non-ionizing radiations are those electromagnetic radiations and mechanical
waves that do not carry enough energy per quantum to ionize atoms or molecules.
In the electromagnetic spectrum, non-ionizing radiation appears at a long
wavelength and frequency lower than that of ionizing radiation. An energy of
approximately 30 eV is required to ionize atoms in human tissues. Therefore,
radiation with frequencies below 10'* Hz corresponding to 30 eV is termed non-
ionizing radiation ionizing. The two main portions of the electromagnetic
spectrum have been further categorized in sub-portions based on behavior in the
emission, transmission, and absorption of the wave and according to their
different practical applications. However, the transitions between the different
characteristic ranges are not particularly well defined. This chapter deals with the
first portion of the electromagnetic spectrum i.e., Non-lonizing radiation. Static
fields and ultrasound will also be discussed. Static fields and ultrasound are those
non-ionizing radiation that does not belong to the electromagnetic spectrum. The
reason is that static fields are in no way radiated, and ultrasound is a mechanical
wave, not an electromagnetic wave. In addition to non-ionizing electromagnetic
radiation, mechanical waves of energy less than 30 eV are also referred to as non-
ionizing radiation. Examples of non-ionizing mechanical waves are acoustic
waves and ultrasound waves [1, 2].

Non-ionizing radiation differs from ionizing radiation in the way it interacts with
matter. Unlike ionizing radiation, non-ionizing radiation does not have enough
energy to cause ionization. Non-ionizing radiation has only sufficient energy to
change the rotational, vibrational, or electronic valence configurations of
molecules and atoms. Radiation can damage DNA directly or indirectly through
reactive oxygen/nitrogen species. When this radiation is absorbed in human tissue
biological effects may be observed hence, it is important to understand how
radiation interacts. To recognize the presence of NIR and its ability to cause a
hazard, first, one needs to understand the radiation itself and its nature [1 - 3].

Types of Non-Ionizing Radiation

Non-ionizing radiation is divided into 8 different types, with acoustic waves
(audible sound and ultrasound) being the only mechanical waves. All other types
of non-ionizing radiation belong to the electromagnetic waves class [4, 5].

1. Static fields

2. Ultrasound
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3. ELF (extremely low frequency)

4. Radio Frequencies

5. Microwave Frequencies

6. Infrared

7. Visible Spectrum

8. Ultraviolet

Static Fields

Fields that do not vary with time are referred to as static fields. A static electric
field (also known as an electrostatic field) is created by charges that are fixed in
space, and a static magnetic field (also known as magnetostatic) is created by the
magnet and steady currents.

A static electric field is the force field created by the attraction and repulsion of
electric charges that are fixed in space (“static electricity”).

A static magnetic field is a force field created by a magnet or by the steady flow
of electricity, for example, in appliances using direct current (DC).

Static electric and magnetic fields occur naturally in the earth’s atmosphere. For
example, lightning results from the electrical transfer of the fields generated due
to the charge imbalance between the cloud and the ground or within the clouds.
The natural magnetic field originates from electric current flow in the upper layer
of the earth’s core. It consists of a static component due to the earth acting as a
permanent magnet and several other small components, which differ in spectral
characteristics and are related to such influences as solar activity and atmospheric
events [6]. Man-made sources of static fields can be found in various facilities. In
medicine, the most common use of manmade static magnetic field is for medical
diagnosis. Examples are magnetic resonance imaging (MRI) and magnetic
resonance spectroscopy (MRS) systems.

Ultrasound

Ultrasounds are mechanical waves that can easily transmit through materials like
fluids, soft tissues, and solids. It has a frequency higher than the upper human
auditory limit of 20 kHz [5].

Ultrasound is widely used in medicine in Cardiology, Urology, Obstetrics, and
Gynecology. Medical ultrasound machines use waves with a frequency ranging
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CHAPTER 3

Electromagnetic Fields and Radiation

Md. Kamal Hossain"" and Mohammad R. Haider'

! Department of Electrical and Computer Engineering, The University of Alabama at Birmingham,
Birmingham, AL 35294, USA

Abstract: Electromagnetic radiation is a form of energy that comprises electric and
magnetic waves. It propagates in free space and contains neither mass nor charge but
carries energy as a photon packet. The energy associated with electromagnetic
radiation is directly proportional to the frequency from extremely low frequencies to
visible light and above. The highly low-frequency electromagnetic field is generated by
the electrical devices and power systems, while the radio and microwave signal radiates
by the mobile tower, microwave oven, heater, radar, efc. The extremely high-frequency
radiation emitted from medical devices, radioactive decay, nuclear weapons, efc.
Therefore, environmental exposure to electromagnetic radiation increases gradually
due to increasing electricity demands, advanced technologies, mobile communications,
etc. However, exposure to electromagnetic radiation has an adverse biological effect
depending on the current intensity, strength of the magnetic field, and duration of
exposure. This book chapter introduces electrostatics and magneto-statics, the
formation of electromagnetic fields and waves, frequency spectrum, source of
radiations, and their exposure limits.

Keywords: FElectric & magnetic fields, Electromagnetic energy/radiation,
Frequency spectrum, & Exposure limits, lonizing/non-ionizing radiation, Sources
of radiation.

INTRODUCTION

An electromagnetic field is a property of space that combines the invisible forces
of electric & magnetic fields. Four elemental forces exist in physics, known as the
fundamental interactions, i.e., the gravitational force, the electromagnetic force,
and the strong & weak forces. Typically, these forces govern how the particle
interacts with each other based on the strength of the power, ranges of energy, and
the particles' nature [1]. In the 19" century, Scottish physicist James Clerk
Maxwell's discovered the concept of electromagnetic force (EMF) theory. It
relates to the repulsion/attraction, the chemical behavior of the matter, and the lig-
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ht properties [2]. In the 1960s, Steven Weinberg and Sheldon Lee Glashow
proposed the quantum field theory of electromagnetism that treats EMF
everywhere in our environment. Environmental exposure increases significantly
either human-made sources by household devices or workplace equipment that
radiates electromagnetic energy (EME) from low to extremely high-frequencies

[3].

The emission of EME is the source of electromagnetic radiation (EMR).
Typically, the EME describes all the energies released from the source of energy
and travel through the propagation media with a constant speed of light, 3x10°
m/sec. It comprises two independent components known as electric energy and
magnetic energy [4]. Literature shows that around 0.01% of the total universe's
energy occurs as the EMR [5]. For instance, human life immersed by EMR that
emits from household equipment, personal electronic devices, radio, and
television operates with EMR, modern communication technology depends on
EMF, medical science uses EMR to observe the internal organ, efc [6 - 8]. Human
eyes, including many animals, are sensitive to seeing the Sun's EMR, simply
called the light ray. It comprises the visible portion of the wide range of
frequencies. Usually, all living organs on the earth depend on EMR received from
natural or artificial (human-made) sources.

Our daily lives are affected by human-made EMR significantly, for instance, food
heated in microwave ovens, airplanes guided by radar waves, infrared waves
invisible to human eyes, efc. Similarly, electronic devices such as mobile phones,
Wi-Fi devices, radio, and television transmitters emit high frequencies of EMR
that cause the thermal effect [6 - 9]. These high frequencies of EMR damage the
body cell by raising the temperature of tissues and organs. Even all the electrically
powered devices and the power transmission lines generate lower frequency, 50
Hz to 60 Hz radiation. This low-frequency EMR also has a negative biological
impact on human organisms and may cause incurable effects on the human body
[10 - 12]. The ultraviolet (UV) light and X-rays represent another kind of EMR
that can harm human life [13]. However, X-rays also have an essential impact in
medicine to observe the critical inner parts of the human body [14]. High-energy
gamma rays come from radioactive materials such as radioactive decay and
nuclear weapons via nuclear reactions that are also harmful to our life.

Since all types of EMR have adverse health effects, it is significantly necessary to
learn the formation of electromagnetic radiation and the tolerance limits. This
book chapter presents the basic concept of the formation of electromagnetic field
& wave, EMR, types of radiation, and sources of EMR with the exposure
tolerance limits on health. The rest of the book chapter is organized as follows:
Sections (3.1) and (3.2) describe the nature of electromagnetic fields and wave
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formation, respectively. The electromagnetic spectrum and the sources of ionizing
and non-ionizing radiations are presented in sections (3.3) and (3.4), respectively.
Finally, we summarize and conclude the book chapter in section (3.5).

ELECTROMAGNETIC FIELDS

Electromagnetic field theory describes how the charged particles interact
electrically among themselves and with the magnetic fields. This section starts the
force interactions between classical electrostatics, and the classical magneto-
statics and introduces the corresponding electric and magnetic fields. Before
studying EMF, it is essential to know the basic idea of static and dynamic fields
with their formation and sources of origin. There are four main electromagnetic
interactions such as:

i. The attraction or repulsion force between electrically charged particles is
inversely proportional to the square of the distance between them.

ii. Magnetic poles come in pairs that attract and repel each other.
ii1. Electric fields produce the magnetic field and vice versa.

iv. The field direction depends on the flow of electric current.
Electrostatics

Electrostatics describes the physical phenomena related to the interactions
between static electric charges in stationary boundaries. The Electrostatics
principle plays a vital role in different fields, such as battery technology, fuel
cells, photocells, radio detector diodes, electroplating, thermocouples, and light-
emitting diodes (LEDs). However, the undesirable charge accumulation creates a
problem and can cause to damage to the electronic components. Coulomb’s law
describes the forces acting between two electrically charged particles for
presenting the electric field concept at a distance.

Coulomb’s Law

In 1775, Charles-Augustin de Coulomb postulated that the force acting on a static
charge, ¢, at an observation point, x, for another static charge, ¢’, at the source
point, x’, is directed along the connecting line of two points. This postulation is
called Coulomb's law. Thus, Coulomb's law states that the electrical force
between two charged particles is directly proportional to the product of the
magnitude of electric charges on the objects and inversely proportional to the
square of the separation distance, r. Fig. (1) describes the experimental observati-
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CHAPTER 4

Ultraviolet Radiation: Benefits, Harms, and
Protection
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Abstract: Ultraviolet (UV) radiation is used in several devices for various applications.
These applications include medical, research and industrial uses. Some of these
applications are fundamental tools for our modern era. These applications range from
visualization of DNA to eradication of dangerous diseases and microorganisms in the
air and water. While UV radiation is not energetic enough to be considered ionizing
radiation and is treated as less hazardous, it is the form of non-ionizing radiation that is
closest to the ionization region. UV radiation does have the ability to break chemical
bonds and can pose significant hazards to humans. These hazards may include
discomfort, temporary loss of sight or impairment, permanent loss of sight, or cancer.
To mitigate the hazards from UV exposures, the hazards must be assessed, and
administrative controls and engineering controls should be utilized. Federal regulations
and guidance regarding UV hazard assessment and mitigation for the end-users of UV
devices are not currently robust, but the American Conference of Governmental
Industrial Hygienists (ACGIH) has provided some useful information for assessment.

Keywords: Administrative controls, Biosafety cabinet, Crosslinker, Engineering
controls, Germicidal lamp, Transilluminator, Ultraviolet, UV hazards.

INTRODUCTION

Ultraviolet (UV) radiation is a type of electromagnetic radiation with energy
lower than X-ray radiation and higher than visible light. It is the beginning of the
non-ionizing region of photons. Since photons are waves, another way of
expressing the energy of UV radiation is in terms of wavelength and frequency.
UV light has a wavelength of 100 -400 nm. UV radiation is subdivided into 3
categories based on wavelength. 100-280 nm is the UVC region, 280-315 is the
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UVB region, and 315-400 nm is the UVA region. One of the most recognized
sources of UV radiation is the sun, which emits all three regions of UV [1 - 4].

UV radiation is present in sunlight and constitutes about 10% of the total
electromagnetic radiation output from the Sun. It is also produced by electric arcs
and specialized lights, such as mercury-vapor lamps, tanning lamps, and black
lights. Although long-wavelength ultraviolet is not considered ionizing radiation
because its photons lack the energy to ionize atoms, it can cause chemical
reactions and causes many substances to glow or fluoresce. Consequently, UV’s
chemical and biological effects are greater than simple heating effects. Many
practical applications of UV radiation derive from its interactions with organic
molecules [2 - 4].

UV radiation was discovered by German physicist Johann Wilhelm Ritter in
1801. He observed an accelerated darkening of silver-chloride-soaked paper when
it was exposed to invisible rays just beyond the visible spectrum on the violet end.
To distinguish these rays from the “heat rays” (IR) discovered the previous year
on the other end of the visible spectrum, he called the UV radiation “oxidizing
rays,” which emphasized the chemical reactivity he observed. This was quickly
replaced by the term “chemical rays,” which remained popular throughout the rest
of the 19" century. Eventually, the chemical and heat ray terms were replaced
with the now common ultraviolet and infrared designations, respectively [5].

UV radiation is used extensively for medical, industrial, and academic purposes.
Medical uses include drug development and discovery, DNA sequencing, and
medical imaging of cells. Industrial uses include speed curing materials, label
tracking, micromachining, semiconductor processing, and decontamination of
surfaces and water. Academic uses include ultraviolet photoelectron spectroscopy,
DNA visualization, lithography, biological safety, and anticontamination
purposes. The source of UV radiation that all humans are exposed to is the sun,
which is critical to life on earth. Other notable uses of UV radiation include drug
detection, dental uses, and forensic analysis.

Types of UV Radiation

Electromagnetic radiation with wavelengths between 400 nm (4 x 107 m) and 100
nm (1 x 107 m) constructs the ultraviolet part of the spectrum as shown in Fig.
(1). There are 3 types of UV radiation: Ultraviolet A (UVA), Ultraviolet B
(UVB), and Ultraviolet C (UVC).
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Fig. (1). Electromagnetic Radiation Spectrums.

UV-A radiations have a wavelength range of 400 nm — 315 nm. UV A radiation
account for 95 percent of UV radiation that reaches the earth’s surface and causes
wrinkles, and other types of premature aging. UVB radiation has a wavelength
range of 315 nm — 280 nm. UVB rays affect the skin’s top layer and cause skin
cancer and most sunburns. UV-C radiations have a wavelength range of 280 nm —
100 nm. These are the most dangerous type of UV radiation. People who work
with welding torches or mercury lamps may be exposed to UVC rays.

Ultraviolet Radiation Type A (UVA)

UVA radiation (315-400nm) is about 1000 times less damaging to the skin than
UVB as measured by sunburn (Erythema) or damage to cell DNA. On the other
hand, 20 times more UVA than UVB reaches the earth in the middle of a
summer's day. It is not greatly affected by absorption and scattering in the
atmosphere when the sun is low in the sky, and is now known to contribute
significantly to the total exposure at moderate levels throughout the whole day
and year. UVA penetrates deeper into the skin and leads to deeper damage than
UVB does. It penetrates cloud cover, light clothing and untinted glass relatively
easily, and may induce a degree of continuing skin damage over long periods,
even when UV exposure is not obvious. Ultraviolet radiation in the range of
315nm to 400nm is thought to contribute to premature aging and wrinkling of the
skin and has recently been implicated as a cause of skin cancer. UV-A light (315-
400nm) is the longest wavelength, and the least harmful. It is more commonly
known as “black light”, and many use its ability to cause objects to emit
fluorescence in artistic and celebratory designs. Many insects and birds can
preceive this type of UV radiation visually, along with some humans in rare cases
such as Aphakia (missing optic lens).
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Visible Light: Benefits and Harms
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Abstract: Electromagnetic radiation with a wavelength between 380 nm and 760 nm is
called visible light. Electromagnetic radiation within the mentioned wavelength range
is called visible because we can see the world around us with the help of this radiation.
A misconception usually exists that light is visible and exists in multiple colors. Light
is not visible; it gives the feeling and sensation of various colors. For example, light
with a wavelength of 450 nm gives the sensation of blue color, and light with a
wavelength of 530 nm gives the sensation of green color; hence, we simply call it blue
and green light. Light is very useful in our daily lives in many areas other than just
seeing the world around us. Despite the enormous benefits of visible light, there are
also some harms and hazards associated with this part of electromagnetic waves. Along
with the basic understanding of daily life phenomena based on light and several
benefits of light, this chapter also reports harms and hazards accompanied by visible
light that we should be aware of and should protect ourselves from. Several examples
of the hazards of visible light are provided in this chapter

Keywords: Benefits, Electromagnetic waves, Hazards, Visible light, Wave-
length.

INTRODUCTION

What is Visible Light?

Visible light can be defined as a form of electromagnetic radiation with
wavelengths between approximately 380—400 nanometers (nm) and approxi-
mately 760 nm, as found on the electromagnetic spectrum. Other forms of
electromagnetic radiation include radio waves, microwaves, infrared, ultraviolet,
x-rays, and gamma rays. Humans can see visible light due to its wavelength.
Visible light radiation is essential to life on Earth, and without it, many adverse
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effects would occur. Consider this, green plants appear green because they reflect
green color while absorbing the other colors of the spectrum. A red wall is red to
your eyes because it is not absorbing light from the red wavelengths. Mirrors,
however, reflect all of the colors of visible light [1, 2].

Living organisms tend to see the world in different ways or, as some would say,
through different lenses. Black, white, and gray are the colors that dogs can see,
while humans are unable to see specific colors that some insects can see. Visible
light means visible to humans. It is important to note that all humans cannot see
all colors due to a genetic defect of the eye called color-blindness. The sun's
visible light appears white, but it is the combined light of all the rainbow colors of
the spectrum ranging from violet at 380 nm to red at 760 nm. Specialized cells
found in the eyes, referred to as cones, act as receptors for specific wavelengths.

INTRODUCTION TO THE ELECTROMAGNETIC SPECTRUM

To appreciate a further discussion of visible light, it is prudent to first achieve a
healthy understanding of the electromagnetic spectrum. The Electromagnetic
Spectrum includes energies that are distributed according to frequencies or
wavelengths. They encompass all electromagnetic radiations and have ranges and
subranges called portions. The span of the electromagnetic spectrum ranges from
lowest frequencies (longest wavelengths) to highest frequencies (shortest
wavelengths).

All of the colors of the visible spectrum can be depicted by using the acronym
ROY-G-BIV, a phrase credited to Sir Isaac Newton. ROY-G-BIV means R (red) -
O (orange) - Y (yellow) - G (green) - B (blue) - I (indigo) - V (violet). These are
the colors that humans can see. The longest wavelength is Red, while the shortest
wavelength is violet. Red carries the most energy, while violet carries the least
energy in the visible spectrum. Infrared radiation, which is heat, is next to the red
portion of the spectrum range. Scientists use infrared light sensing optics when
they want to see temperature differences. Ultraviolet radiation (UV) is just beyond
the violet end of the visible spectrum. UV light is given off by the sun and
absorbed by ozone in the atmosphere, and it can also mutate cells in your skin,
which can lead to skin cancer. It is interesting to note that the complete absence of
light is represented as black. Isaac Newton was the first to realize that the rainbow
presented all the colors within white light. Then in 1666, he conducted an
experiment that required him to shine sunlight through a small opening and then
project it onto a prism showing the spectrum on the wall. The projection revealed
that the white light was indeed comprised of a variety of wavelengths displaying
different colors.
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The Earth's atmosphere stops most types of space-originating electromagnetic
radiation from reaching the surface. However, different parts of the EM spectrum
can travel very far before experiencing atmospheric absorption, such as radio and
visible light, which do reach the surface, while radio frequencies (RF), visible
light, and some ultraviolet light can reach sea level. To more richly observe how
spectra emanate from their numerous origins, astronomers strategically place
sophisticated telescopes on mountains and other locales to create the optimum
environment conducive to collecting light-capturing data from an orbiting
satellite. The spectral range of various electromagnetic radiation is given in Fig.

(1).
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Fig. (1). Above illustrates the electromagnetic spectrum ranging from 10000 m, which is the longest
wavelength (radio waves), to 10" m, the shortest wavelength encompassing x-radiation.
https://eyehortilux.com/grow-lighting-guide/measuring-light-for-plant-growth/evaluating-quality-g-
ow-light-using-spectrum/visible-light-spectrum/

Electromagnetic radiation, considered a stream of mass-less particles, is called
photons, which propagates as a wave at the speed of light at varying ranges of
photon energies, frequencies, and wavelengths. Though each photon carries an
outstanding amount of energy, the energies are what define the photon. The
various amounts bear different names based on differences in behavior in the
emission, transmission, and absorption of the corresponding waves and practical
applications. There are no precise accepted boundaries between these contiguous
portions, so the ranges tend to overlap [1, 3].

The wavelengths of ultraviolet, X-ray and gamma-ray regions of the EM spectrum
are tiny. Instead of using wavelengths, astronomers that study these portions of
the EM spectrum usually refer to these photons by their energies, measured in
electron volts (eV). Ultraviolet radiation falls in the range from a few electron
volts to about 100 eV. X-ray photons have energies in the range 100 eV to
approximately 100,000 eV (or 100 keV). Gamma-rays are photons with energies
greater than 100 keV.
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CHAPTER 6

Laser and Safety from Laser Beams
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Abstract: A laser is an intense and amplified beam of light that is used in many
applications. The use of lasers in medicine, astronomy, industries, defense, information
technology, and oceanography is common and known to many people. The use of
lasers in eye treatment, especially the technique of LASIK in eye surgery, shows the
successful use of lasers in many fields. However, along with so many outstanding
benefits, the intense beam of visible or invisible light also brings many complications
while handling laser beams. Several harms and damages are associated with the use of
laser beams. Skin injuries and eye defects are common complications caused by laser
beams. If proper shielding and safety protocols are not followed, a laser can bring
many harms ranging from minor skin irritations to blindness of the eyes. This chapter
reports the benefits as well as harms and hazards associated with the use of laser
beams. A detailed description of the harms associated with various classes of lasers is
provided here. For the safe use of a laser beam, it is important to follow the established
rules and regulations. A detailed description and discussion of the hazards associated
with the use of laser beams, rules to be followed while using a laser beam, and laser
emergency protocols are reported here.

Keywords: Benefits, Hazards, Laser, Laser safety, Laser types, Regulations.
INTRODUCTION

The term LASER stands for Light Amplification by Stimulated Emission of
Radiation. A laser is a device that emits a highly intense and narrow beam of light
through a process of stimulated emission and optical amplification of
electromagnetic waves. The laser is one of the most important inventions of the
20™ century, with applications in many fields.
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The principle of the laser dates back to 1917, when Albert Einstein first described
the theory of stimulated emission. German physicist Rudolf Walther Ladenburg
first observed stimulated emission in 1928, although at the time it seemed to have
no practical use. In 1951 Charles H. Townes, at Columbia University, thought of a
way to generate stimulated emission at microwave frequencies. At the end of
1953. Gordon, Zeiger, and Townes produced and observed the first stimulated
emission in microwave wavelength of electromagnetic radiation. In 1960
Theodore Maiman invented the first Ruby laser. Ruby laser uses a solid ruby
crystal as a laser medium with an emission wavelength of 694.3 nm associated
with a red color. The same year Ali Javan also invented the first Helium-Neon
(He-Ne) laser. The He-Ne laser uses two gases, He and Ne, with a laser emission
wavelength of 632.8 nm. The first semiconductor laser was produced by Robert
Hall at General Electric Laboratories in 1962; the first working Neodymium-
doped Yttrium aluminum garnet (Nd:YAG) laser and CO, laser by Bell
Laboratories in 1964, Argon-ion laser in 1964, chemical laser in 1965, and metal
vapor laser in 1966. In each case, the 'name' of the laser was annotated about the
lasing medium (source of laser photons) used [1, 2].

A laser can be produced in both continuous wave and pulse modes. In the first
type, a beam of laser comes out of its cavity continuously, while in the second
type, a laser is emitted from its cavity in the form of highly energetic pulses.

Since its invention, the laser has been used in many fields, including medicine and
surgery, dentistry, astronomy, industry, and academia. Laser has also been used in
security, military applications, printing technology, and many other fields and
applications. Ruby laser was used in retinal surgery in the mid-1960s. In 1964, the
argon-ion laser was developed. This continuous wave 488 nm (blue-green) gas
laser was easy to control, and its high absorption by hemoglobin made it well
suited to retinal surgery [1, 2].

Being a very important device with many applications it is important to know
about the physics of laser, its production, and its characteristics. Like other types
of radiation, lasers carry hazards and harms if proper safety and protection are not
adopted during their use. Experiments with lasers and the reported laser
mishandled cases show that high-power lasers are highly dangerous and damaging
to the human body. In some cases, damage caused by the laser is not even
reversible. Therefore, it is mandatory to understand the hazards and damages
associated with the use of lasers and how to provide and maintain laser safety and
protection while working with lasers. This chapter aims to report the in-depth
hazards and damages of lasers and explain in detail how safety and protection can
be achieved while utilizing the benefits of lasers in many fields.
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LASER PHYSICS

It is very important to understand the physics behind laser radiation in order to
understand the characteristics of the laser. Once the characteristics of the laser are
understood, it would be easier to avoid hazards associated with the laser beam [2 -
6]. The word LASER is an acronym for Light Amplification of Stimulated
Emission of Radiation. According to the acronym, the laser is simply defined as
an “amplified and focused light beam”. Although a laser is composed of
electromagnetic light waves, it has different properties than visible light. Regular
light is composed of different light wavelengths and all different colors on the
spectrum of light. This composition gives the light its white luminous color.
However, laser radiation has different characteristics than regular light. The laser
is produced by exciting atoms of a specific element using some exciting
mechanism such as electricity or light energy. This process takes place in a
chamber, causing the atoms to oscillate back and forth and release energy in the
form of photons between two mirrors, which in turn causes it to excite other
atoms and produce more photons. The process of photons' emission in this way is
called stimulated emission. The process is also called resonance emission since
the emission follows the phenomenon of resonance due to matching properties.
These produced laser photons are then directed out of the chamber by one of the
Mirrors.

Stimulated Emission

The random light emission from light bulbs or other sources of light is called
spontaneous emission. Light emission as a result of spontaneous emission has
multiple wavelengths and frequencies and may emit in random directions.
Stimulated emission, on the other hand, requires the presence of a photon. An
“incoming” photon stimulates a molecule in an excited state to decay to the
ground state by emitting a photon. Fig. (1) shows stimulated emission in which
the incoming photon causes resonant emission of the photon as a result of the
electronic transition from a higher energy state into a lower energy state.
Stimulated emission is also called negative absorption because all absorptions are
stimulated, and the process of stimulated emission is opposite to the absorption
process.

Conditions for Stimulated Emission

The first thing one can think about when making a laser is the stimulated emission
[2 - 4]. However, to make a laser beam, four other conditions are required to be
fulfilled. To fully understand laser construction and operation it is important to
identify and discuss those four conditions. The four required conditions are Gain
Medium,; Population Inversion; Metastable State; and Cavity.
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Abstract: Infrared radiation falls on the electromagnetic spectrum between
microwaves and red visible light with a wavelength of ~750 nm-1 mm. Infrared
radiation is emitted from materials as heat and can be used for medical, industrial, and
military purposes. Infrared can be used to reduce swelling, increase tissue repair in
sports injuries and help treat patients with cardiovascular disease. The industrial sector
uses infrared tomography to image inside buildings, electrical equipment, and fuel
processing plants. There are few known harms when it comes to infrared radiation
effects. Infrared radiation can cause skin damage, eye damage, and greenhouse effects.
Not much research is known on the appropriate dosage or the body's response to doses
of infrared radiation. There are a few preventative ways to reduce the harm caused by
infrared radiation. People can follow the three cardinal rules of radiation and the
ALARA principle. They can also wear personal protection equipment when working or
around infrared radiation sources. People can also learn and try to help the planet by
reducing their carbon footprint to stop global warming from getting worse.

Keywords: Infrared radiation, IR benefits, IR risks, Shielding and protection.
INTRODUCTION

Radiations are tiny, invisible, charged, uncharged particles, waves, and energy
packets that come from atoms, radioactive materials, the sun, optical and photonic
devices, and many other sources. Experts in the field have been trying to classify
and divide radiation into various types and categories based on their characteristic
properties, mode of propagation, source of emission, and nature of interaction
with mater and the human body [1 - 4].

Before the scientific innovations and contributions of James Clerk Maxwell,
physicists considered light waves coming from the sun to be like mechanical
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waves which that need a medium for propagation. These mechanical waves need
something to physically interact with through the world to propagate and spread
out. This something is typically referred to as a medium and can take on many
forms [6 - 8]. For instance, a sound wave is a mechanical wave that needs a
medium, such as air, to travel from one location to another. The sound wave
interacts, or better stated, vibrates, with various particles and particulates in the
air. This physical interaction is why when two people start walking away from
each other, the intensity of the sound decreases as well. The mechanical process
of interaction uses or deposits the source energy from particle to particle, reducing
the energy, or intensity, of the wave [5 - 8]. Other mechanical waves, such as
water and seismic waves, also behave in this way. These properties of wave
nature were the standard of how all waves should behave until the early 1860°s
when a mathematical physicist James Clerk Maxwell threw a pebble in the
standing water of the old ideas. Maxwell poked and prodded Ampere’s equations
of electric and magnetic fields and discovered something that would change the
world of physics [6 - 8]. His fascination led him to formulate 4 equations that
would combine all the knowledge of electric and magnetic fields. Those equations
are given below [8 - 10].

V-E=—p (7.1)
6B

VXE=—+ (7.2)

V-B=0 (7.3)

SE
V X B == I.lo] + I.loso a (7‘4)

Where V' is a mathematical operation called the gradient, E is the electric field at
a given density p, B is the magnetic field due to the motion of electric charges, €,
c

= 8.85 * 10"">»m? is a constant of the permittivity of free space, not to be confused
N

with the constant of the permeability of free space p, = 47 * 1074* [9].

These would then be famously known as Maxwell’s equations would produce a
new kind of thinking when it came to the physics of wave nature. Using these
equations, Maxwell and other physicists could conceive waves that could travel
without the need for a medium and reach speeds up to the speed of light. It was
determined that even light abides by these physical laws. Maxwell himself said
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“This velocity is so nearly that of light that it seems we have strong reason to
conclude that light itself (including radiant heat and other radiations if any) is an
electromagnetic disturbance in the form of waves” [11]. These waves would thus
be referred to as electromagnetic waves (EM waves). A wave would be a
combination of electric and orthogonal magnetic waves, as shown in Fig. (1).

Electromagnetic Wave

Propagation
Electric _ Direction / /-
Field (E) /

Magnetic
Field (B}

Fig. (1). Electromagnetic wave propagation with electric and magnetic fields oscillating perpendicular to
each other and the direction of propagation.

Using Maxwell’s equations, John Henry Poynting derived an equation for the
energy transferred per unit area per unit time by an electromagnetic wave. The
Poynting equation is given below,

S=ExH (7.5)

The solar spectrum consists of electromagnetic radiation emitted by the sun in
many different forms and wavelengths. People are exposed to radiation every day
in many ways from many different sources. Electromagnetic radiation is the form
of energy carried by oscillating electric and magnetic fields, hence radiation is
called electromagnetic radiation [5, 8, 12]. There are two different types of
electromagnetic radiation: ionizing and non-ionizing radiation. The dividing line
between these two forms of radiation is ultraviolet radiation [2]. The higher
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CHAPTER 8

Microwaves and Radiofrequency Radiation:
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Abstract: Radiofrequency and microwave radiation are part of the electromagnetic
spectrum. They occupy the lower end of the spectrum with respect to frequency and are
on the higher end with respect to wavelength. They have lower energy than the rest of
the forms of electromagnetic energy on the spectrum, and as a result, they do not have
enough energy to ionize the materials they irradiate. Radiofrequency and microwave
radiation have been used in many applications, including communications and the use
of radar to be able to predict weather patterns, medicine in both diagnostic and
therapeutic uses, and industry. A major development in recent years has been the
development of the 5G mobile network, which uses millimeter waves to transmit data
to and from mobile phones that operate in the radiofrequency region. However, the rise
of the 5G mobile network has many concerns that high exposures to these levels of
radiation can be harmful to humans. This has been a point of discussion in the past and
has led to decades of research into the potential health effects of radiofrequency and
microwave radiation on humans. Even with a large amount of research that has been
done, the health effects of radiofrequency and microwave radiation are still a highly
debated subject. The IARC classifies radiofrequency electromagnetic energy coming
off from mobile phones as a Group 2B substance, which means that it is not clear
whether it causes cancer. Overall, radiofrequency and microwave radiation can be
harmful, but research shows that it is mainly in the really high levels of exposure.
Oftentimes, the public does not come close to approaching the limits established from
the regulatory exposure limits set forth by various regulatory bodies around the world.

Keywords: Antennas, Microwave, Mobile phones, Radiofrequency, Risks and
hazards, Regulations, 5G network.

INTRODUCTION

Health Physics is a field that was created during the Manhattan Project during
World War II. The primary focus of the field of Health Physics is to promote safe
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use and protection from radiation. Traditionally the types of radiation health
physicists focused on were ionizing radiation. lonizing radiation is the radiation
that possesses enough energy that it causes ionizations within the medium it
travels through or interacts with. lonizations are phenomena that occur in atoms
and molecules in which an electron is removed from the orbital of the atom or
molecule it was bound to, forming a positively charged cation and a negatively
charged free electron. These ions can go and interact with other molecules within
the medium and cause different effects that can be dangerous to individuals
exposed to such events. There are 4 types of ionizing radiation: Alpha particles,
Beta particles, Gamma rays, and Neutrons. Alpha particles are the equivalent of a
Helium atom’s nucleus with 2 protons and 2 neutrons with a +2 charge.

A A—4 4
E'X — _g_g? + 2

Beta particles come in 2 types: negatrons and positrons. Negatrons are very
similar to electrons in that they are negatively charged and have an atomic number
of 0. The difference between a negatron and an electron is their origin. Electrons
are found in orbitals around the nucleus of an atom, while negatrons are found
within the nucleus. Positrons are the same as negatrons, except they are positively
or negatively charged. Also emitted during beta decay are neutrinos and
antineutrinos, along with some energy. Neutrinos and antineutrinos are both
subatomic particles with the antineutrino being the antiparticle of the neutrino.
Neutrinos are emitted during positron emission, and antineutrinos are emitted
during negatron emission.

X = 24V + I8 + 30 + energy

2X = 2 Y + 1B + Qv + energy

Gamma radiation is emitted as a result of the settling process of an exciting
nucleus of an atom. The process is very similar to how x-rays are produced from
the de-excitation of an electron from a high-energy orbital to a lower energy
orbital. The change in energy from the transition of orbitals is released as a packet
of energy, or x-ray. It is believed that a very similar process occurs within the
nucleus of an atom, and the result is a packet of energy or gamma-ray. This type
of radiation is different from the others in that it is not particulate, and it does not
carry a charge. This means that gamma radiation does not result in a change of the
atomic number or charge number of the original isotope. This does not mean that
isotopes that emit gamma radiation do not undergo those changes, as they can
potentially also undergo alpha and/or beta decay and emit neutrons as well.
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Neutrons are usually the result of fission reactions of highly unstable isotopes.
Fission is when a large nucleus splits into 2 or smaller nuclei.

While the discovery of these types of ionizing radiation has been very beneficial
to mankind in many ways, it is also very important to understand the dangers they
pose as well. Thus, the field of Health Physics was established to understand these
dangers and to help prevent the serious damage these types of radiation can cause
to humans and other creatures. While the threat of ionizing radiation has largely
dominated the focus of health physicists for much of the field’s history, there has
been sort of a shift in focus in recent decades to nonionizing radiation.
Nonionizing radiation, just like the name implies, is radiation that does not have
enough energy to ionize atoms and molecules. There are many different forms of
nonionizing radiation. On the electromagnetic spectrum, radiation that is
nonionizing is on the low frequency and high wavelength end of the spectrum. In
terms of energy, it takes about 34 Electronvolt (ev) to produce an ionization event,
so any form of radiation that does not deliver that amount of radiation to an
electron on an atom or molecule will not cause an ionization [1]. These consist of
radiofrequency, microwaves, infrared, visible light, and ultraviolet radiation.
There are other forms of radiation, such as sound waves, but they will not be
covered in this paper.

The focus of this review paper will be to go over a few of the types of nonionizing
radiation, namely radiofrequency (RF) and microwave radiation. RF and
microwave radiation are at the low end of the electromagnetic spectrum in terms
of frequency and are a good starting point to begin exploring the physical
properties of nonionizing radiation. After discussing the physical properties, the
next important focus will be the various uses of RF and microwaves and how they
are beneficial to mankind. Perhaps the most important information for health
physicists would be what the risks associated with RF and microwaves are and
how they can be minimized, or even eliminated.

Background and Interaction with a Medium

There are different kinds of radiation, and the majority can be classified on a
spectrum. This spectrum is the electromagnetic spectrum, and it ranges from low-
energy radio waves to high-energy gamma and x-rays. Each region of the
spectrum can be classified on a variety of different parameters such as
wavelength, frequency, and energy range. Each of these regions also exhibits
varying penetration and absorption abilities. For the purposes of this review, the
radiofrequency and microwave region will be focused on.
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Abstract: Modern life is strongly associated with new technologies such as
telecommunication and wireless devices. These new technologies strongly affect the
way people communicate, learn, train, think and solve their problems. Today, modern
cell phones not only send and receive phone calls, but they also allow people to send
and receive short messages, and e-mails, share photos and videos, write, edit and share
documents, play games, listen to music, watch movies, surf the Internet, find an
address using GPS (Global Positioning Systems) and use a wide range of applications.
Given this consideration, excessive use of smartphones is associated with growing
global concerns over the health effects of radiofrequency electromagnetic fields (RF-
EMF) generated by these devices. As discussed by WHO, considering the very large
number of people who use mobile phones, even a small increase in the risk of adverse
health effects, either cancer or other health effects, could have key public health
implications. WHO believes that research about these health effects is mostly focused
on potential adverse effects of mobile phones, not their base stations, because the RF-
EMF levels of mobile phones are 3 orders of magnitude higher than those of base
stations. Therefore, in this chapter, due to the greater likelihood of adverse health
effects of handsets, we mainly focused on reviewing the current scientific evidence on
health risks associated with mobile phones. However, the health effects of RF-EMF
exposure on people living in the proximity of mobile base stations are also reviewed.

Keywords: Electromagnetic Fields, Mobile phones, Mobile base stations,
Radiofrequency.
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INTRODUCTION

The revolution in telecommunication technology and wireless devices has caused
a rapid rise in the usage of smartphones, cordless phones, tablets, and laptops, and
the widespread use of cellphone-based internet technologies (mobile data and Wi-
Fi) [1]. Besides smartphones and cordless phones that can be introduced as a key
source of human brain exposure to radiofrequency electromagnetic fields (RF-
EMF), mobile phone base stations and broadcast antennas have dramatically
increased the exposure of humans to RF-EMF [2, 3].

Mobile phones operate at frequencies between 500 and 2700 MHz with peak
powers between 0.1 and 2 Watts. Telecommunication frequency bands vary in
different countries. However, generally for mobile phones, the Global System of
Mobile Communications (GSM) uses 900 / 1,800 MHz frequency bands [4]. As
people usually hold their mobile phones 1-2 cm away from their bodies, they are
exposed to RF-EMFs generated by mobile phones. RF-EMFs generated by these
devices are strongly non-uniform around the body. Moreover, the strength of
these fields decreases rapidly with increasing distance. Compared to holding the
handset against the head, when people use their smartphones 30—40 cm away
from their bodies for text messaging, accessing the internet, or when they use a
“hands-free”, the RF-EMF exposure level would be much lower [5]. The health
effects of exposure to RF-EMfs from mobile phones include headache, burning
sensation in ears and facial skin, and alteration in the blood-brain barrier (BBB)
[6]. Over the past decades, the interest in studies on the health effects of exposure
to RF-EMFs has largely increased, mostly due to the growing global use of
mobile phone telecommunication technologies [7].

Concerns over possible carcinogenic risks of mobile phone RF-EMFs date back to
early 2000 when the first reports on the increased risk of developing vestibular
Schwannoma and brain tumors in mobile phone users were published [8]. In
2011, RFR was classified as a possible human carcinogen (Group 2B) by the
International Agency for Research on Cancer (IARC) [9]. The thermal effect of
RF-EMFs emitted by mobile phones with safe SAR levels (< 2 W/kg) is
negligible [10]. However, many studies show that even low-power RF-EMfs may
cause adverse biological effects [11 - 13].

Recent reports on the role of EMF in the induction of oxidative stress and DNA
damage are also discussed. Not only is DNA damage involved in carcinogenesis
[14], it may cause cell death, reproductive problems, or neurodegenerative
diseases [15, 16]. The biological effects of RF-EMFs on the human body,
including cancer as well as the potential therapeutic effects and future
perspectives, are discussed in this chapter [11].
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Oxidative Stress and DNA Damage

While some of the biological effects of RF-EMF are possibly linked to thermal
effects [17 - 19], the production of reactive oxygen species (ROS) mediated by
RF-EMFs can be considered a key mechanism behind the observed effects [20].
When ROS reaches pathophysiological levels, it may interfere with crucial
cellular processes and functions. This interference is believed to be caused by
changes in biochemical and signaling processes that eventually can lead to
oxidative damage in DNA, RNA, and proteins as well as fatty acids peroxidation
[21, 22]. It is worth noting that dysregulation of ROS levels and alterations in
biomarkers of oxidative stress is associated with a wide range of diseases, from
congenital anomalies, and neurodegenerative syndromes to diabetes and cancer
[23, 24]. Besides RF-EMFs, extremely low frequency electromagnetic fields
(ELF-EMF) can also increase the production of free radicals such as hydroxyl free
radicals, which in turn leads to double-strand breaks of DNA [25 - 27]. In this
book chapter, the health effects of ELF-EMF are out of the scope of the chapter
and should be discussed in other publications.

Modulation of immune responses is also frequently reported after exposure to RF-
EMFs emitted by mobile phones [28]. As reported by Singh et al., chronic
exposure to mobile phone radiation may induce oxidative stress, inflammatory
response, and hypothalamic-pituitary-adrenal (HPA) axis dysregulation [29].
Reports show that in microglial cells and some other cells, ROS levels can be
increased, which further increases pro-inflammatory cytokines (IFN-gamma,
TNF-alpha, and IL-1beta) [30 - 33]. Cumulative evidence indicates that mobile
phone radiation may cause learning and memory problems [34 - 40]. However,
there are also reports on the lack of any detrimental effect on memory or even
positive effects [41 - 45]. Reaction time plays a crucial role in doing tasks better
to cope and manage different threats and hazards in our environment and
increased reaction time may lead to fatal accidents. Mortazavi ef al. have
previously shown that the visual reaction time of university students significantly
decreased after a ten-minute exposure to RF-EMFs emitted by a commercial
smartphone [46]. Furthermore, the reaction time in radar workers was
significantly shorter than those of the control group [47]. Thus, improved
cognitive functions, such as decreased reaction time are of paramount importance.

The biological effects of 900 MHz RF-EMFs on the levels of intracellular reactive
oxygen species (ROS) in human mononuclear cells, monocytes and lymphocytes
have been studied by Kazemi et al., who showed a statistically significant
increase in ROS production after radiofrequency exposure. The findings of
Kazemi et al. showed that the oxidative stress induction capability of RF-EMF
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Abstract: Ultrasound is very safe when used at the diagnostic frequency and
intensities. However, a temperature rise of 1.5 — 2.5 °C or more above the normal
temperature of the human body exposed to ultrasound for longer than 1 hour may cause
thermal induced effects. For most diagnostic ultrasounds, the Mechanical Index should
not exceed 1.9. The Mechanical Index should not exceed 0.23 when performing an
ultrasound on the eyes. Using diagnostic ultrasound with Mechanical Index above,
these limits may cause cavitation in tissues. This chapter mostly covers the possible
hazards and harms associated with ultrasound. For the benefits and uses of ultrasound
in our lives, you may read chapter 13 of our previously published book: An
introduction to Medical Physics, edited by Muhammad Magbool.

Keywords: Clinical ultrasound, Diagnostic ultrasound, Therapeutic ultrasound,
Ultrasound, Ultrasound safety.

INTRODUCTION

Ultrasound waves are vibrations at a frequency higher than the human ear can
perceive. Diagnostic ultrasound waves are propagated through the human body
with little even potentially harmful energy deposition or molecular interactions,
making ultrasound a very safe medical imaging modality [1 - 4]. However,
ultrasound waves do have some biological effects, which can be distinct under
certain circumstances [5] or specifically used for therapeutic purposes chapter will
highlight a few of the clinical aspects in which ultrasound and human[2, 6]. This
body safety issues are at play.
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Ultrasound principles

Ultrasound was originally made possible by the discovery of piezoelectric
crystals, which expand and contract in the presence of an alternating current or
produce current in response to expansion and contraction. Newer technology
using microelectromechanical capacitive micromachined ultrasonic transducers
(or CMUTs [7]) will undoubtedly progress. We will refer to the probe as the
device that houses the piezoelectric crystal transducer or CMUT and associated
electrical connections and various acoustic interfaces.

Due to the electronics and physical nature of the high-frequency vibrator,
diagnostic ultrasound probes send out mechanical waves of pressure over a range
of frequencies around a central peak frequency. The transducer frequency
reported by manufacturers is this central peak frequency. In addition to the
frequency of ultrasonic waves, the amplitude and duty cycle (how long the
transducer is emitting relatively to how long it is receiving) are other factors that
contribute to safety considerations. Safety is ensured in medical ultrasound
devices by compliance with industry and FDA standards.

Acoustic intensity

As an ultrasound beam propagates through tissue, the energy reduces with the
depth traveled—that is, it is attenuated. Some energy is reflected by tissue
structures in the beam path, and some are absorbed. The required ultrasound
image is formed from the scattered energy received at the imaging probe, with the
time of its arrival being a measure of the depth of the reflecting structure, and its
amplitude giving information about the structure itself. The amount of energy
absorbed depends on the composition of the tissue and the frequency of the
ultrasound beam. Broadly, bone absorbs more ultrasound energy than soft tissue
and reflects more strongly. Ultrasound absorption in tissue rises with increasing
frequency.

In a plane wave, the relationship between the intensity incident on the surface of
the tissue (/,) and the intensity at a depth x into tissue (/(x)) may be written as

I(x) = [pe™ (10.1)

where u, the intensity attenuation coefficient, is a sum of contributions from
absorption (u,) and scatter (x,) such that u = u, + x.. The contribution of absorption
to attenuation maybe 60—80% of the total [1, 8].

The amount of energy reflected by a structure, such as bone, that lies in the
ultrasound beam path is determined by the change in acoustic impedance at its
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surface. The acoustic impedance, Z, is given by Z = pc, where p is the tissue
density and ¢ is the speed of sound. The greatest impedance mismatches in
clinical ultrasound usage occur at soft tissue—bone and soft tissue—gas interfaces.
These are seen as the brightest echoes on an ultrasound image.

The mechanisms of interaction of ultrasound with tissue that may lead to
biological effects are often broadly divided into two categories—thermal and non-
thermal. In reality, these mechanisms are interrelated since, as will be seen below,
tissue heating may facilitate non-thermal effects by reducing the threshold for
cavitation, and non-thermal effects such as cavitation may, in turn, affect local
tissue heating.

Diagnostic ultrasound devices send out intermittent pulses of high-frequency
sound waves; the sound waves themselves generally have a frequency of 1 to 20
MHz. Slight pause between pulses of ultrasound allows the transducer to “listen”
for returning echoes; pulse repetition frequency (PRF) also plays a role.
Ultrasound probes generate acoustic energy (measured in Joules, J) produced over
time. Energy delivered over a period of time is called power and is measured in
Watts (J/s). When applied to a surface as is done with an ultrasound probe, the
flux of power is called the acoustic intensity, and in diagnostic ultrasound, is
measured in mW/cm®. But because of the transducer “listening” time, the acoustic
intensity can be measured by the peak acoustic intensity during the “pulsing”
time, and the average acoustic intensity that incorporates both the “pulsing” and
“listening” times. The American Institute of Ultrasound in Medicine (AIUM) has
published guidelines for limits up to which ultrasound clearly has been
demonstrated to be safe [3].

Ultrasound is generally considered a safe imaging modality in obstetrics.
However, when ultrasound travels through tissue, energy is absorbed by the tissue
components and converted to heat, dependent on frequency and intensity. These
thermal effects may alter the equilibrium between chemical reactions and
therefore may consequently harm the surrounding tissue.

-A diagnostic exposure that produces a 1°C or less temperature elevation above
normal.

-An exposure intensity less than 1 W/cm?2 for focused ultrasound beams.

The total amount of acoustic intensity of an ultrasound device depends on the
pulse frequency, amplitude, and duration of the pulse packet, as well as the pulse
repetition frequency (akin to the duty cycle, as mentioned above). Continuous
wave Doppler ultrasound, on the other hand and as the name implies, uses a
continuous pulsation of ultrasound and measures only the frequency shift of the



340 An Introduction to Non-Ionizing Radiation, 2023, 340-366

CHAPTER 11

Nonionizing Radiation Safety and Regulations

Norman E. Bolus' and Muhammad Magbool**
! Department of Clinical & Diagnostic Sciences, University of Alabama at Birmingham,
Birmingham, USA

2 Health Physics Program, Department of Clinical & Diagnostic Sciences, the University of
Alabama at Birmingham, Birmingham, AL 35294, USA

Abstract: Nonionizing radiation cannot ionize the human body tissues due to its low
energy; however, its thermal, mechanical, chemical, vibrational, and several other
effects can create complications. To avoid hazards and complications from nonionizing
radiation, it is mandatory to establish and follow proper rules and regulations while
dealing with such radiation. This chapter reports an overview of various rules and
regulations regarding the uses and limits of nonionizing radiation, provided by various
organizations.
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INTRODUCTION

Electromagnetic radiation is all around us, though we can only see some of it. All
EM radiation (also called EM energy) is made up of minute packets of energy or
'particles,' called photons, which travel in a wave-like pattern and move at the
speed of light. The EM spectrum is divided into categories defined by a range of
numbers. These ranges describe the activity level, or how energetic the photons
are, and the size of the wavelength in each category, as shown in Fig. (1).

For example, at the bottom of the spectrum, radio waves have photons with low
energies, so their wavelengths are long with peaks that are far apart. The photons
of microwaves have higher energies, followed by infrared waves, UV rays, and
X-rays. At the top of the spectrum, gamma rays have photons with very high
energies and short wavelengths with peaks that are close together [1].
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Fig. (1). Comparison of the wavelengths of electromagnetic radiation with various objects.

RADIOFREQUENCY REGULATIONS
From the United States Code of Federal Regulations Title 47 subpart 1.1310:

§ 1.1310 Radiofrequency Radiation Exposure Limits

(a) Specific absorption rate (SAR) shall be used to evaluate the environmental
impact of human exposure to radiofrequency (RF) radiation as specified in §
1.1307(b) of this part within the frequency range of 100 kHz to 6 GHz (inclusive).

(b) The SAR limits for occupational/controlled exposure are 0.4 W/kg, as
averaged over the whole body, and a peak spatial-average SAR of 8§ W/kg,
averaged over any 1 gram of tissue (defined as a tissue volume in the shape of a
cube). Exceptions are the parts of the human body treated as extremities, such as
hands, wrists, feet, ankles, and pinnae, where the peak spatial-average SAR limit
for occupational/controlled exposure is 20 W/kg, averaged over any 10 grams of
tissue (defined as a tissue volume in the shape of a cube). Exposure may be
averaged over a time period not to exceed 6 minutes to determine compliance
with occupational/controlled SAR limits.

(c) The SAR limits for general population/uncontrolled exposure are 0.08 W/kg,
as averaged over the whole body, and a peak spatial-average SAR of 1.6 W/kg,
averaged over any 1 gram of tissue (defined as a tissue volume in the shape of a
cube). Exceptions are the parts of the human body treated as extremities, such as
hands, wrists, feet, ankles, and pinnae, where the peak spatial-average SAR limit
is 4 W/kg, averaged over any 10 grams of tissue (defined as a tissue volume in the
shape of a cube). Exposure may be averaged over a time period not to exceed 30
minutes to determine compliance with general population/uncontrolled SAR
limits.



342 An Introduction to Non-Ionizing Radiation Bolus and Magbool

(1) Evaluation with respect to the SAR limits in this section must demonstrate
compliance with both the whole-body and peak spatial-average limits using
technically supported measurement or computational methods and exposure
conditions in advance of authorization (licensing or equipment certification) and
in a manner that facilitates independent assessment and, if appropriate,
enforcement. Numerical computation of SAR must be supported by adequate
documentation showing that the numerical method as implemented in the
computational software has been fully validated; in addition, the equipment under
test and exposure conditions must be modeled according to protocols established
by FCC-accepted numerical computation standards or available FCC (Federal
Communications Commission) procedures for the specific computational method.

(2) For operations within the frequency range of 300 kHz and 6 GHz (inclusive),
the limits for maximum permissible exposure (MPE) is derived from the whole-
body SAR limits and listed in Table 1 in paragraph (e)(1) of this section. This
may be used instead of the whole-body SAR limits as set forth in paragraphs (a)
through (c) of this section, to evaluate the environmental impact of human
exposure to RF radiation as specified in § 1.1307(b) of this part, except for
portable devices as defined in § 2.1093 of this chapter. For portable devices, as
defined in § 2.1093 of this chapter, these evaluations shall be performed
according to the SAR provisions in § 2.1093.

Table 1. Limits for Maximum Permissible Exposure to Radiofrequency Electromagnetic Fields
adapted from Title 47 CFR 1.1310(e)(1).

Frequency Range | Electric Field Magnetic Field Power Density in Average Time
in MHz Strength in V/m | Strength in A/m mW/cm? in Minutes
Limits for Occupational-Controlled Exposure
Plane-wave equivalent Less than or
0.3-3.0 614 1.63 4 equal to 6
power density of 100 .
minutes
Plane-wave equivalent
3.0-30 1842/frequency in | 4,89/frequency in power density of Less than 6
’ MHz MHz 900/frequency in MHz minutes
squared (f%)
300-1,500 ; - Frequency in MHz/300 | ¢S than
minutes
1,500-100,000 - . 5 Less than 6
minutes
03-134 614 163 Plane-wave _equlvalent Les.s than 3
power density of 100 minutes
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CHAPTER 12

Nonionizing Radiation Risk Management and
Safety
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Abstract: The applications of Nonionizing radiation (NIR) has increased in recent
years. Safety authorities and the public were concerned about the use of devices that
emit NIR. Questions about acute or chronic effects have subsequently become more
important. According to many studies and experiments carried out, EMF does not
affect the functioning of a living organism, provided that those certain established
acceptable standards are not exceeded. It comprises lower quantum energies and,
therefore, has different biological effects and interactions with matter. It displays its
unique personality, although it shares the same wave characteristics as ionizing
radiation. We can describe this in terms of its frequency, energy, and wavelength. It is
longer, less frequent, and lazier compared to ‘IR’, but it can still inflict a good deal of
damage. This Chapter will cover the effect of NIR interaction with matter, risk
management, and safety associated with its application.

Keywords: Nonionizing radiation safety, Radiation risk, Risk management.
INTRODUCTION

In the early twentieth century, the use of Electromagnetic Radiation (EMR) was
enhanced rapidly and spread widely in all areas, including industry, medicine,
research, commerce, and homes. EMR now surrounds us. We can categorize it
into two forms: Non-ionizing radiation (NIR) and ionizing radiation (IR).
Particles or photons with energies less than 30 eV (some reports give 10 eV) are
non-ionizing radiation. It encompasses a long wavelength and low photon energy,
whereas IR has a short wavelength and high photon energy portion of the
electromagnetic spectrum. NIR is most often described as being bound by the
following characteristics:

» Wavelengths: 100 nm to 300,000 km

* Frequencies: 3.0 PHzto 1 Hz

" Corresponding author Asad Yousuf: Department of Radiation Oncology, The Agha Khan University Hospital,
Karachi, Pakistan; E-mail: asad.yousuf@aku.edu

Muhammad Magqgbool (Ed.)
All rights reserved-© 2023 Bentham Science Publishers


mailto:asad.yousuf@aku.edu

368 An Introduction to Non-Ionizing Radiation Abbasi et al.
* Photon energy: 1.987 x 10-18 J to 6.6 x 10-34J

Natural sources of NIR include sunlight, lightning discharge, etc., whereas
artificial sources include wireless communication, industrial, scientific, and
sources medical applications. NIR does not have enough energy to ionize atom-
like ionizing radiation, it can only excite the electron within an atom, and it does
not break bonds that hold molecules in cells together. Thus, it does not damage
DNA when it passes through the tissue of the living organism [1]. However, the
hazards from NIR exist; it got attention after the advancement in technology and
usage of equipment using NIR in various areas of human activity, including
industry, medicine, research, commerce, and homes. It is important to evaluate the
interaction and biological effects of NIR. Therefore, various research programs
started after World War II by USA and USSR to investigate the effect on health
associated with NIR. Later in 1968, an act was passed by the U.S congress for
hazards associated with consumer electronic products, and in 1970, passed
Occupational Safety and health act protected workers from their occupational
hazards. Because of the importance of the subject, An International Non-Ionizing
Radiation Committee was formed later in 1977, which is now responsible for the
publication and implementation of health criteria documents related to risk
management and safety associated with NIR. It recommends exposure limits for
NIR in areas accessible by the public. The principal aim of this is to “establish
guidelines for limiting EMF exposure that will protect against known adverse
health effects” [2].

Most people are not aware that they are being exposed to non-ionizing radiation.
There are many types of non-ionizing radiation, as given in Table 1.

Table 1. Types and sources of nonionizing radiation.

NIR Radiation Sources
Infrared light Generated by sunlight, thermal radiation, incandescent light bulbs,
lasers, remote controls
Visible light Generated by sunlight, LEDs, light bulbs, lasers
Ultraviolet light Generated by black light, sunlight
Microwave radiation Generated by microwaves, cellphones, and data transmission
Extremely low-frequency Generated by transmission lines, old CRT comp
radiation
Generated by AM and FM radio signals, cellphone and data
Radiofrequency radiation communications, and by radio frequency heaters used to bond vinyl and
plastics
Ultrasound Generated by a transducer made out of a piezoelectric material.
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In recent years, many studies were conducted and are in progress all around the
world. Probing the effect of NIR on human health, that is how these NIR interact
and what are the biological effect [3, 4]. Some references are shared.

“Italian National Institute” of Health evaluates the effect of electromagnetic
interference (EMI) and Radiofrequency (RF) generated from Wi-Fi devices on a
pacemaker, they found EMI has no effect, but Wi-fi signal exceeds the defined
limit set by international regulation, so it should be avoided near the pacemaker

[5].

“Sichuan University China” has characterized and measured the exposure to RF
by electronic appliances; they found that measured levels are below the limit of
public exposure in ICNIRO guidelines [3].

American Conference of Governmental Industrial Hygienists (ACGIH), 1993.
Worked on effects of Magnetic Resonance Imaging (MRI). In conclusion they
showed no deleterious effect in magnetic field up to the level of 2Tesla. Also, in
2003 FDA declared “no significant risk status” for MRI clinical systems
generating static fields up to 8T. Sometimes magnetic interference can occur with
cardiac pacemakers and other precision electronic equipment, so it must follow
safety measures.

A paper published in 2017 on recent advances in the effect of microwave
radiation on the brain concludes that there is no conclusive evidence showing that
microwaves have carcinogenic effects. The problem with these studies is that
different parameters, such as the frequency, modulation, and power density of the
radiation and the irradiation time, were used to evaluate microwave radiation
between studies. As a result, the existing data exhibit poor reproducibility and
comparability [6].

Biological effects of static Electric Field of High-voltage direct current (HVDC)
lines evaluate for environmental limit. Its systematic review of evidence strongly
supported the role of superficial sensory stimulation of hair and skin as the basis
for the perception of the field, as well as reported indirect behavioral and
physiological responses. Physical considerations also prevent any direct effect of
static EF on internal physiology, and other factors may explain reports they
affected some physiological processes in minor ways. While this literature does
not support a level of concern about the biological effects of exposure to static EF,
the conditions that affect thresholds for human detection and annoyance at
suprathreshold levels must be investigated.
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