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ABSTRACT 

RF radiation can cause thermal injury to tissues, but such effects have only been 

reported from exposures above the current guideline levels for the UK Pulse modulated 

RF fields can give rise to audible buzzing or clicking sounds, which are produced 

through thermoelastic expansion of soft tissues in the head. 

These noises could be annoying, but would not be expected to cause any long­ 

term adverse effect on health. Some studies have suggested that exposure to microwave 

radiation can lead to minor defects in the posterior pole of the lens of the eye, but this 

has not been a consistent finding, and there is no indication that any form of RF 

radiation has caused clinically important cataracts in exposed people. 

Three out of five published studies have suggested a reduction in sperm counts 

in workers exposed to RF radiation, but all of these studies were small and one was of 

doubtful rigour. Few epidemiological data are available on the relation of RF radiation 

to female fertility, and the findings are inconclusive. RF radiation does not appear to 

induce spontaneous abortion in women who are exposed during pregnancy, but a small 

effect on risk cannot be excluded. 

Although several studies have suggested that RF exposure of mothers is 

associated with an increased frequency of birth defects, the associations have not related 

consistently to any one class of malformation, and may reflect biases in the 

ascertainment of exposures. 

The current balance of evidence does not indicate an effect of paternal exposure 

to RF radiation on the risk of congenital malformations. Nor is there consistent evidence 

that exposure of either mothers or fathers is related to other birth outcomes. 
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INTRODUCTION 

The exposure to the body from an RF field is determined by the strength of the 

electric and magnetic fields inside the body, which are different to those outside. It is 

not usually possible, however, to measure these internal fields directly. 

Radiofrequency (RF) fields are generated either deliberately as part of the global 

telecommunications networks or adventitiously as part of industrial and other processes 

utilizing RF energy. People both at home and at work are exposed to electric and 

magnetic fields arising from a wide range of sources that use RF electrical energy. The 

RF electric and magnetic fields vary rapidly with time. The rates at which they vary 

cover a wide spectrum of frequencies and lie within that part of the electromagnetic 

spectrum bounded by static fields and infrared radiation, in this document the 

frequencies considered lie between 3 kHz and 300GHz. This range includes a variety of 

RF sources In addition to those used for telecommunications. This region of the 

spectrum, together with optical frequencies, is therefore referred to as non-ionizing. 

A number of published reports describe incidents in which people have 

experienced short-term exposures to levels of RF or microwave radiation well above 

currently recommended exposure limits. These unusual exposures have occurred in 

various circumstances including work close to radio and radar antennas while they were 

transmitting, and failure of protective interlocks on microwave ovens. In some cases 

only part of the body was irradiated. 



CHAPTER ONE 

Electromagnetic Fields Sources and Exposure 

1. Introduction 
Radiofrequency (RF) fields are generated either deliberately as part of the global 

telecommunications networks or adventitiously as part of industrial and other processes 

utilizing RF energy. People both at home and at work are exposed to electric and 

magnetic fields arising from a wide range of sources that use RF electrical energy. The 

RF electric and magnetic fields vary rapidly with time. The rates at which they vary 

cover a wide spectrum of frequencies and lie within that part of the electromagnetic 

spectrum bounded by static fields and infrared radiation .in this document the 

frequencies considered lie between 3 kHz and 300GHz. This range includes a variety of 

RF sources In addition to those used for telecommunications . These is shown in Figure, 

together with the International telecommunications Union (ITU) bands. Even at the 

highest frequency of the range. 300GHz, the energy quantum, hf, where his Planck's 

constant and f is frequency, is still around three orders of magnitude too small to cause 

ionization in matter. This region of the spectrum, together with optical frequencies, is 

therefore referred to as non-ionizing. 

Figure 1.1 RF Spectrum and Sources 
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Table 1.1 Sources of RF Radiation across the Spectrum and Typical Field 
Strengths/Power Densities at Accessible Locations 
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Table 1.2 These Are Typical Exposures At High Frequencies And In The Field Of 
Sources Where The Electric And Magnetic Field Strengths Are Orthogonal And To 

Each Other And To The Direction Of Propagation And There Is Simple Relation Btw E 
And H That Means The Wave Can Be Described In Terms Of The Power Density. 
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In contrast to ionising and ultraviolet radiation, where natural sources contribute the 

greaterproportion of the exposure to the population, man-made sources tend to dominate 

exposure to time-varying electromagnetic fields over the spectrum shown In Figure. 

Over parts of the Frequency spectrum, such as those used for electrical power and 

broadcasting, manmade fields are many thousands of times greater than natural fields 

arising from either the sun or the Earth. In recent decades the use of electrical energy 

has increased substantially, both for power distribution and for telecommunications 

purposes, and it Is clear that exposure of the population in general has increased. The 

otential for people to be exposed depends not only on the strength of the 

electromagnetic fields generated but also on their distance from the source and, In the 

case of directional antennas such as those used in radar and satellite communications 

systems, proximity to the main beam. High power broadcast and highly directional 

radar systems do not necessarliy present a source of material exposure except to 

specialist maintenance workers or engineers. Millions of people, however, approach to 

within a few centimetres of low power RF transmitters such as those used in mobile 

phones and in security and access control systems where fields can give rise to non-­ 

uniform, partial-body exposure. The field strengths often decrease rapidly with distance 

from a particular source.Everyone is exposed continually to low level RF fields from 

transmitters used for broadcast television and radio, and for mobile communications. 

Many Individuals will also be exposed to low level fields from microwave 

communications links, radar, and from domestic products, such as microwave ovens, 

televisions and VDUs. Higher exposures can arise for short periods when people are 

very close to sources such as mobile phone handsets, portable radio antennas and RF 

security equipment. Some of the sources of electromagnetic fields and the levels to 

which people are exposed both at work and elsewhere are shown in Table. The signals 

generated by various sources across the spectrum may be very different in character. 

While the underlying waveform from a source is usually sinusoidal, the signal may 

then, for example be amplitude modulated (AM) or frequency modulated (FM) for radio 

communication or pulse modulated for radar (Figurel.2a). Modem digital radio 

communication systems can use more than one of these types of modulation in the same 

signal (Figure 1.2b ).Many industrial sources produce waveforms with high harmonic 

content resulting in complex waveforms (Figure 1.2c). Electric and magnetic field 

strengths outside the body are commonly used to describe exposure to the fields 

generated by RF sources. However, any biological effects would be the result of 
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exposure within the body, although this cannot usually be measured directly. The nature 

of the fields and characteristics of particular RF sources differ considerably and the 

waveform, spatial and temporal characteristics of the field are important In exposure 

assessment and their effect on instrumentation. This chapter is concerned with exposure 

and its assessment arising from a wide variety of sources of RF fields. It gives general 

background Information about the nature of electromagnetic fields and their interactions 

with the body before considering specific sources and summarizing the exposures they 

create. Appendices A and B should be read in conjunction with this chapter. Appendix 

A illustrates and describes the types of equipment used for measuring fields, while 

Appendix B summarizes the 
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Figure 1.2 (a) Different Forms of Analogue Modulation Commonly Applied To Radio 

Figure 1.2 (b) Pulse Modulation 
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Figure 1.3 Examples of Two Simple Digital Modulation Schemes 

Figure 1.4 Industrial Magnetic Field Wave Form with High Harmonic Content 
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1.1 Characteristics of Electromagnetic Fields and Aspects of Dosimetry 

The exposure to the body from an RF field is determined by the strength of the electric 

and magnetic fields inside the body, which are different to those outside. It is not 

sually possible, however, to measure these internal fields directly. So studies to 

evaluate exposure are normally carried out either by using computational methods or by 

making measurements on a physical model of the head or body . The computational 

methods rely upon the detailed anatomical Information that can be obtained by 

magnetic resonance Imaging plus Information on the electrical properties of the 

different components of the body tissue, bone, etc. The physical models, or phantoms, 

that have been used range from hollow shells filled with a fluid whose electrical 

properties are similar to the average values of body tissue, to more complex models 

using materials of different electrical properties. The electric field at various points 

inside simple phantoms is often measured using a robotically positioned probe 

controlled by computer. This is the type of approach used in assessing energy 

deposition in phantom heads arising from mobile phones. At the lower frequencies, 

below around 100MHz, it has also been possible to make direct measurements of the 

induced RF current flowing through the body and to earth. One technique uses a 

solenoidal coil placed around the ankles, or other parts of the anatomy; the RF body 

current passing through the coil induces a voltage in its windings. For simple exposure 

conditions the strength of the electromagnetic fields inside the body, and hence 

exposure, can also be assessed to a reasonable approximation from the strength of the 

fields present in that region before the body is placed there. 

1.1.1 General Characteristics of Electromagnetic Fields 
An electromagnetic field or wave consists of electric, E, and magnetic, H, fields 

that oscillate sinusoidally between positive and negative values at a frequency, f The 
distance along a wave between two adjacent positive ( or negative) peaks Is called the 

wavelength, X , and is inversely proportional to the frequency. The strength of the 

electric or magnetic field can be indicated by its peak value ( either positive or negative), 

although it is more usually denoted by the rms, or root mean square, value (the square 

root of the average of the square of the field). For a sinusoidally varying field, this is 

equal to the peak value divided by 1. 4 (Ji). At a sufficient distance from the source 

where the wave can be described as a plane wave, the electric and magnetic fields are at 

right angles to each other and also to the direction in which the energy is propagating 
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