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Telemetry transmitters are applied 1n the monitoring of physiolo
gical and other data, and great efforts are made to reduce the in
fluences of the devices on the subject. Since the ,transmitting an
tenna is within or very close to the body of the subject, the ques
tion arises whether the RF radiation may affect the functions of 
biosystems or not. In many cases the"recommended power density safe
ty level of several countries may be exceeded. 
Since a continuous monitoring of the subje~t is required, the bo
dy-mounted antenna should radiate,omnidirectionally. Measurements 
of radiation patterns from man-mounted antennas have shown that the 
body acts like a reflector and absorber, if the frequency is higher 
t~~n approx. 100 MHz. The large field intensity variations and the 
phise~shifts may disturb the data transmission. 

TELEMETRY FREQUENCIES AND POWER DENSITIES 

As a result of practical considerations, most'of the telemetry equip
ment operate with frequencies between 10 and 1000 MHz. The radia'ted 
power varies from a few µW (implants) up to approx. 2 W (modified 
walkie-talkies). The power density Pd in mW/cm 2 in a biological me
dium, produced by the near field of the antenna, can only be deter
mined accurately by means of measurements. The formula Pd=P/2~r•L 
(P = radiated power, L = length of a whip antenna, r = distance from the 
antenna to the surface of the subject) gives only the first ap
proximation. A standard UHF walkie-talkie delivers a Pd in the range 
of 10 mW/cm2 when mounted on the chest of a man. The USA Standard 
(1) recommends the following safety level: 10 mW/cm 2

, averaged over 
0.1 hour periods, energy density 1 mWh/cm 2

, valid for the fr.equency 
range 10 MHz to 100 GHz and for both partial and whole body ir
radiation. The safety level of most of the eastern countries are 
much more stringent, e.g. USSR: 0.0lmW/cm 2

, 6hr/day,f> 300 MHz (2). 

DIELECTRIC PROPERTIES OF BIOLOGICAL ~£DIA 

The biological media may be classified into two groups (3,4): 

Muscle, Skin, and Tissues with High Water Content 

The cell membranes ·act as insulating layers and as high capacities 
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at low frequencies, so that current flows only in the extracellular 

medium. With increasing frequency the capacitive reactance of the 

cell decreases, resulting in increasing currents in the intracel

lular medium with an increase. in the total conductivity of the ,tis

sue (4). Therefore the dielectric constant '€rm decreases and the 

conductivity Orn increases with increasinJ, ·frequency: 40. 7 MHz: 

E:rrn= 97, Orn= 0. 7 rnho/rn ; 1500 MHz: E:rrn= '49.,. Orn=. 1.8 rnho/m (3,4). 

Fat, Bone, and Tissues with Low Water Content I I 

A similar trend is observed also in this group, but the values are 

an order of magnitude lower: 40. 7 MHz: Erm= 14. 6, Om= 13- 53 mmho/m; 

1500 MHz : E:rm= 5.6, Orn= 71-171 mmho/m (3,4). The conductivity de

pends on the ratio of free to bound water (4). Specifications of other 

tissues such as brain, lung ,etc. lie between those of the two groups (4). 

Wavelength within the Medium and Depth of Penetration 

The wavelength Am in the medium is reduced by a factor of 2.3- 14.3 

(both groups, 40.7-1500 MHz) (4). The depth of penetration cS is de

fined as the distance required to reduce the power density by a fac

tor of e- 2
• In the first group, o is 11 cm for 40. 7 MHz and 2.4 cm 

for 1500 MHz. In the second group , cS is as rr:uch as te'n times greater (4). 

Power Absorption and Hot Spots related to the Radius of the Body 

The ~elative ~sorption fross Section RAC of a spherical object with 

characteristics similar to those of body tissues depends on the cir

cumference 2CJa of the object and on the free space wavelength Ao (5). 

RAC is defined as the ratio of absorbed to incident power, providing 

that the sphere is irradi.ated by a plane wave. Measurements (5) with 

phantoms (E:rm = 60 ,Orn= 1 mho/m) at the two frequencies 400 and 2880 

MHz have shown that the RAC is small for small r.adii (211a/Ao < 0.2: 

RAC < 0 .1). All of the incident power (or more) is absorbed, if the 

circumference is approx. Ao (2fia/A0 = 0.4- 2: RAC=0.7-1.6). For 

larger radii, the RAC decreases slowly to the value 0.5. This means 

furthermore (5), that the body is transparent for low frequencies, 

absorbs tremendously if 211a/A~ is in the region of 1 and that the 

body absorbs the half of the incident power at higher frequencies. 

Hot spots, i.e. points inside a sphere with a higher E- or H-field 

intensity than at the irradiated surface, have been detected in the 

brain of animals (8). A theoretical investigation (6) revealed, 

that hot spots appear only inside spheres with radii 8 cm> a > 0 .1 cm 

and. only in the frequency range 300 < f < 12000 MHz. The hot spots 

have a heating potential which is 10- 15 times higher than predicted 

by the RAC method and appear in depths which are up to 5 times lar

ger than the predicted penetration depth O of plane slabs (6). 

HUMAN BODY EFFECTS ON RADIATION PATTER,.'l\lS OF BODY-MOUNTED ANTENNAS 

An antenna radiates waves which are not plane within the Fresnel 



region. However, one is able to roughly estimate the frequency range 
in which a smijll whip antenna will have a disturbed azimuthal radi
ation when mounted dorsally on the body. With a trunk radius of 
a= 15cm, the most critical RAC is between 0.4< 2~a/;\0 < 2, i.e. 130 
to 640 MHz. In. fact, our field measurements. have shown that the hu
man body has little influence below 50 Viliz and acts like an absorber 
and reflector in the predicted region. Measurements in an anechoic 
chamber revealed field attenuation up to 30 dB on the axis trans-

' mitting antenna - heart - receiving antenna (231 MHz). Of great impor-
·tance are the distances from the antenna to the body, the polarization 
of both antennas and the detuning of the antenna by the body tissue. 

BIOLOGICAL EFFECTS OF RF RADIATION 

Biological effects of strong microwave radiation in small animals 
have been treated by many researchers (2 et al), but unsufficient 
data are available on the human effects of weak RF radiation (7). 
RF radiation up to many GHz are nonionizing (2) and with low power 
densities the followi~g effects may occur: 

Thermal Effects · 

The heating results from both ionic conductionandvibration of the 
dipol molecules in water and proteins (4). The power absorbed by 
the tissue will produce a temperature rise, if the thermoregulatory 
capability of the tissue is exceeded (8). A power density of 10 mW/ 
cm 2 produces less heat than the metabolic rate (1.3 W/kg for the 
total human body (8)) and is harmless from this point of view (8). 
The lowest level for irreversible damages seems to be indicated by 
the lens' opacity of the rabbit's eye: >100 mW/cm2

, >lhr, 2.4 GHz (2) 
and 10mW/cm 2

, 7hr (9). A temperature rise of 4°c maybe destructive 
(2), but even some 0.001 °c/sec produces sensations (7,pp 3). 

Non-Thermal Effects 

Forces induced by alternating electrical fields (e.g. pearl chain 
effects, orientation of microorganisms) and dielectric saturation 
occuring in solutions of proteins and other biological macromole
cules occur only with high field levels (4,5). 
The teratogenic effects of irradiation with 9 GHz have been studied 
(12) using the pupae of the darkling beetle Tenebrio molitor. Sta
tistically significant increase in teratogenesis (malformation in 
the adult insects) were observed at power levels down to 170 µ:tJ/cm 2

• 

The pupation time increased monotonically with the power density (2 hr 
irradiation). The damages increased linearlywith the logarithmus of 
the dosage, and the effects started at approx. 40µW/cm 2 and O.lmWh. 
Western researchers stress destructive effects, in contrast to 
East Europeans ( 7) who place great emphasis on functional disturban
ces in the CNS, on physiolcgical alterations arid behavioral reactions, 
which occuL by power density levels down lri a few ]JW/cm 2 (7,9,10). 
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Various low level effects may be considered as selective absorption 
of radiation at the interfaces of heterogeneous biological systems 
(e.g. hypothalamic - hypophyseal - suprarenal system (9)). Electro
physical investigations of isolated nerves and muscle fibres in 
frogs (7,pp 31) at 5µW/cm 2 have revealed slowed conduction of im
pulses, an increased synaptic delay, a lengthening of latent and. 
refractionary periods and changes in action potentials. Alteration 
in EEG, in conditioned reflex activity (longer latent period, weak
ened reactions to positive stimuli) and in several metabolic pro-
cesses, were observed (10) in rats and rabbits after irradiation 

2 . . 
_with less than 10 µW/cm (50 Miiz, 12 hr/day). Vague effects are re-
ported to occur in occupational exposure (2, 11). The effects are 
manifested by weakness, fatigue, headache etc. (2), and dysfunctions 
in the vegetative system (11), which are apparently reversible. 

CONCLUSION 

The radiation of telemetry transmitters will not damage the subject, 
but artefacts in behavior and in EEG studies must be taken into account. 
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