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ABSTRACT

In this article, the biological effects of RF and\Wradiations (3 kHz—300 GHz) are discussed
with emphasis on potential hazards. Most of theenmodommunication equipment occupies the
range 1-40 GHz. A person is supposed to expose tiearlocations of radio, television
transmitters, mobile base stations and wirelessvagts. This paper investigates the possible
effects on human health of exposure to RF / MWatgmtis. The suggestions / rules framed by
different international organizations are brieflgetched in this article.

Key words: Dielectrophoretic forces, electroporation , Miceme (MW), Specific absorption
rate (SAR)Radio Frequency (RF).

INTRODUCTION

RF and MW radiations are usually treated togethee tb similar in characteristics. The
Radiofrequency (or RF) and Microwave (MW) Radiatia@fer to electromagnetic fields with
frequencies between 300 kHz -300 MHz and 300 MH2-G6iz respectively.

Mon-lonizing lenizing
Low frequency | RADIO-FREQUENCY | MICROWAVE | Infrared Ultra-viclet | X & Gamma
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Frequency: 10 kHz 300 GHz Visible
Wavelength: 30 km 1 mm

Fig. 1. Spectrum of Electromagnetic Radiations
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The most important application of RF/MW found imarlous communication systems, and
microwave heating. The RF and microwave radiat®onadn-ionizing because the energy levels
associated with it are not high enough to causeation of atoms and molecules.

Most of the modern point to point, wireless, antklite communications occupy the range 1
GHz to 40 GHz. This paper investigates the possiffiects on human health of exposure to
radio frequency and microwave radiations. The @®wf radiation may be from radio and
television transmitters, mobile base stations, leg® networks and the like.

Several studies have been initiated all over thedito determine the safe levels of exposure [1-
5] to RFR (Radio Frequency Radiation) for occupatloworkers and general public. Several
guidelines and standards have been issued by ABREH/| ICNIRP, NCRP, and other
organizations.

The paper presents the concept in different sectéord subsections. Section Il discusses the
materials and methods. It presents the conceptighreubsections like RF radiation & electrical
characteristics of tissues, technical terms assatiaith exposure & dose and classification of
human exposure to RF and MW radiations. SectioadHls with results and discussion of the
RF/MW radiations through the subsections like dgidal effects of RF and MW radiations,
adverse effect of RF on humans, Radiation from fBdjo, mobile base stations and, Exposure
limits, safety guidelines for RF radiation. The pagoncludes with the conclusion which is
addressed in section V.

This paper basically investigates the effect ofatah from different electronic equipments on
human.

MATERIALSAND METHODS

In this section different issues connected to thatenmls and methods associated with the
radiation exposure study is presented in diffesaiisections.

A. RF Radiation and Electrical Characteristics of Tissues

In bioscience,exposureis the concentration or a potentially toxic agemtthe external
environment of a subject. Th@oseis the concentration of the substance in targegués.
Similarly, in RF and MW engineering field levelsdathose induced in the body corresponds to
exposure and dose. The effect of RF and Microwadation on the human body depends on
the field characteristics like frequency, polariaat and field strength of the source as well as
the electrical characteristics of the biologicay& [1-3].

The dielectric properties of tissue are dispersivenature and its characters changes as the
frequency of radiation changes [6]. This changeadsounted due to the charging of cell
membranes, dipolar losses in tissue water, and efffects. Charging of cellular membranes is
chiefly responsible for the dispersion observedissue at megahertz (MHz) frequencies and
below. Where as dipolar relaxation of tissue wat¢he dominant source of dispersion above ~1
GHz. Above ~100 MHz the tissue water content is ¢heef factor determining the dielectric
properties of soft tissues.
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B. Technical terms associated with exposur e and dose
These technical terms namely exposure and doswi[bpe defined differently for the near
fields and external fields.

For external fields:

» E,, measured in volts/meter (electric field) or angseper meter (A/m) (magnetic field) used
mainly at frequencies below 100 MHz in the neddf@& the antenna.

= Incident power density S, in Wfnused principally at frequencies above 0.5 GHadhe far
fields of radiators.

For Internal fields:

= Current density within the body (in A/m?), used principally in the frequency range up to 10
MHz; a related measure is internal field strengtiM&m), which is related to the current density
by Ohm’s law.

J; = ok 1)

= Total current passed into tissdieused chiefly to characterize contact currentscjpally in
the frequency range up to 100 MHz.

» Internal electric field strength;Especifically, the electric field induced withirody tissues,
the induced current densiflyin A/m?.

» Specific absorption rate (SAR), defined as the pogissipation in watts per kilogram of
tissue. In terms of the electric field; in the tissue is depicted in (2).

2
SAR= —d al )
p
Where,p is the density of the tissue in (kghmThe SAR can be expressed as a point value at a
given instant in time. A value averaged over a djgectime and distance, or a value averaged
over the whole body of an animal (the whole-bodyR$A

SAR is the preferred quantity for RF fields, partarly over the frequency range 100 kHz—-10
GHz due to the absorption of tissues. In the fraqueange of 300 MHz — 10 GHz specific

energy absorption (S.A.) is used. The total diEbrenergy in a pulse per kilogram of tissue
signifies the S.A.

C. Classification of human exposureto RF and MW radiations
The human exposure [1-6] to the RF and MW radiatican be classified as contact exposure,
Near-field exposure, Far-field exposure.

In contact exposure, RF currents are passed ietdodkdy when a subject touches a conductive
object in the presence of a field. For example,tacincurrents induced by touching broadcast
transmission towers or secondary metallic strusturear the towers can induce hazardous
contact currents. The magnitude of the contacteatiis a function of source impedance and the
impedance of the subject to be grounded, and isingbly related to the field strength in the
vicinity of the subject.
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In localized regions near RF sources, very higHi8®Es can exist, possibly at acutely hazardous
levels. Sources include medical equipment (suchmagnetic resonance imaging (MRI)
scanners), industrial equipment (e.g., inductioatérs or microwave drying equipment), radar
and broadcast transmitters [7-11].

In a typical far-field exposure scenario, plane-evanergy is incident on large areas of the
subject’'s body. This exposure is important becanfspublic concern about possible health

hazards from broadcast transmitters. It is alscom@mt in some occupational exposure settings
like workers near radar transmitters.

Computer aided exposure models are designed feamds Various parts of the human body
exhibit their own resonance; for example, the headiibits an antenna [6] resonance at
approximately 1 GHz.

RESULTSAND DISCUSSION

In this section the results of effect of RF and M&diation on human is presented in different
subsections with the discussion of the mechanisaptopriate places.

A. Biological effect of RF and MW radiations

The energy of photons of radio frequency and mienefields is unable to disrupt the weakest
chemical bonds and to create free radicals. Theddsfbeing non-ionizing, in contrast to
ionizing radiation such as X rays or ultravioleghlf which, disrupt chemical bonds and create
highly reactive free radicals.

RF fields can interact with biological systems bgming forces on charges in tissues [6]. These
forces act in the presence of random thermal agitaThe absorbed power in tissues will also
generate heat and increase the local temperaturenamce affect the biological system. An

additional heat load on the body due to exposur®Foenergy can also elicit effects due to

thermoregulatory responses. The natural rate ofep@&neration in the human body (the basal
metabolic rate) is about 1 watt per kilogram of tioely mass. Addition of heat by a RF field at

levels comparable to or above this rate can prodigreficant physiological effects.

a. Thermal Mechanism

Thermal mechanisms arise from the deposition ofgyaw the biological systems. The duration
of exposure can influence the rate of cooling ef tissue by blood flow, and other factors. The
local heating effects in tissue can become sigmitior even damaging. These include a variety
of biological changes and, at sufficient heatingels, leads to Frank tissue damage. Pulsed
microwave energy will generate acoustic transi@ntsssue by transient heating of tissue water
with corresponding thermal expansion. Considert@ason when the head is exposed to few
microsecond pulses of RF energy with a carrierdfeagy near 1 GHz, and peak field intensities
above 10,000 W/fn The pulses produce transient increases in tissneerature of a few micro
degrees, at a high rate. This is sufficient to poedacoustic transients in the head in excess of
100 dB peak sound pressure [5].
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b. Non Thermal Mechanism
This is accounted due to the electric fields tlaat exert forces on charges, and magnetic fields
exert torques on magnetic dipoles in biologicaktesys. Shocks and other membrane excitation
occur due to this interaction.

Electric fields can create pores in cell membratasctroporation) by inducing electrical
breakdown. This requires membrane potentials of ,~dXich in turn requires tissue field
strengths that can exceed’100> V/m. Electric fields exert forces on ions andqtoes on
permanent dipoles, as well as forces and torquesduced dipoles (dielectrophoretic forces).
This concept has some important applications iteblmnology.

B. Adverse effect of RF/MW radiations on humans

The nature and the degree of the health effectsv@fexposure to RF/ MW fields depend on the
frequency and intensity of the fields, the duratidrexposure, the distance from the source, any
shielding that may be used, and other factors.

The main effect of exposure to RF/MW fields is Imegtof body tissues as discussed in the
previous sections. Prolonged exposure to strong/ RAW fields may increase the body

temperature, in extreme case's heat stroke. Lechhzating, or "hot spots,” may lead to heat
damage and burns to internal tissues. Hot spotsbeamaused by non-uniform fields, by

reflection and refraction of RF/MW fields insidesthody, or by the interaction of the fields with

metallic implants, for example, cardiac pacemakeraneurism clips. There is a higher risk of
heat damage with organs, which have poor temperatantrol, such as the lens of the eye
(Cataract) and the testes.

Some laboratory studies have reported biologidakes from RF / MW radiation at field levels,
which are too low to cause tissue heating. To datse non-thermal effects are not known to
result in health hazards. Although we are constaatposed to weak RF fields from radio and
television broadcasting, no health risks have heéemntified from this low-level exposure [7-11].

C. Radiation from TV, Radio, M obile base stations and exposure limits

Radio and TV terrestrial transmitters provide ominectional broadcasting. The whole
population around the coverage area is supposexgosure of electromagnetic waves with
relatively high concentration of energy. Similartyye Mobile phone base stations may be
considered as relatively low-power multi channeb-tway radio systems. The exposure levels
are generally low, because the communication systeate up from the mobile phone and base
station is considered low-power system. The conabout human health effects is more for the
hand-held mobile phones rather than the base $afithis concern is because the mobile phone
antennas deliver much of their RF energy to verglbwolumes of the user’s body.

Exposure limits for RF / MW radiation are designedkeep the RF/ MW energy absorbed by the
body well below the lowest levels associated wiémdnstrated adverse effects, and to reduce
the likelihood of contact shocks and burns.
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Table 1 Sourcesof RF/ MW Radiations

Sources of RF / MW Radiation
Source Frequency (MHZz) Potential for Over-exposur e?

Video Display Terminal (VDT) 0.015-0.3 No
Dielectric Heater 1 - 100 (typically 27.12) Yes
Diathermy Applicator 13.56, 27.12, 915, 2450 Yes
Transmitters: AM Radio 0.535 - 1.605 Yes
Transmitters: FM Radio 88 — 108 Yes
Transmitters: VHF TV 54-72, 76-88, 174-216 Yes
Transmitters: UHF Radio 470 — 890 Yes
Transmitters: Dish Antenna 800 - 15,000 Yes
CB Radio 27.12 Yes
Cordless Telephone 46- 49 No
Cellular Telephone 824 — 850 No
Traffic Radar 10,500 and 24,000 No
Microwave Oven 915 and 2,450 No*

*During repair work, there is a risk of overexposuin microwave radiation.

D. Safety Guidelinesfor RF radiation and controlling

Safety guidelines for exposure of the public [Id}he RF radiation from transmitting antennas
are set by different organizations all over theldiofhe most widely accepted standards [12-14]
are those developed by the Institute of Electriaatl Electronics Engineers (IEEE) and
American National Standards Institute (ANSI), timetnational Commission on Non-lonizing
Radiation Protection (ICNIRP), and the National @cl on Radiation protection and
Measurements (NCRP).

These standards are expressed in power densitgMW@nT). The 1992 ANSI/IEEE exposure
standard for the general public is 1.2 mW/Cior antennas operating in the 1800-2000 MHz
range. The limit for antennas operating in the 88z range is 0.57 mW/Ct The ICNIRP
standards are slightly lower, and the NCRP starsdare identical. The Federal Communications
Commission (FCC) guidelines include standards fobite base station's antennas, which are
essentially the same as the (ANSI/IEEE). Total pgweoduced by all the antennas are taken
into account in the presence of multiple antennas.

It will be better to control the RF / MW radiatianBhe controlling engineering point of view
will take care of minimization of radiation from éhdesign of the radiator, there can be
administrative control to formulate rules for tregiations and personal protection taken by the
person concern who supposed to be exposed to darsgexdiation.

CONCLUSION

The radiation generated from different RF / MW eadis are harmful to the human. The

interaction of this radiation of the human tissisgeaddressed in this paper. It is important to take
care in the design of new base stations to meegtidelines set for the antennas and their
mounting so that the minimum required distance lsambserved for the public access. The
radiation level can be further reduced using tharsientenna concept. There is scope of further
research and development.
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