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Impact of Radar Irradiation on Human Systems 

K. NATARAJAN AND N. JAGANNATHAN"' 

This paper discusses the health hazards caused by radar irradiation on operating 

personnel. The instrumentation to monitor the field stre11gth and different methods of protection 

are also discussed in this paper. 

I
NTENSE microwave radiat. ion on human b_ody 

causes change in the temperature of the .various 

tissues. The absence of blood vessels in certain 

parts of the body makes them particularly vulnerable 

to microwave radiation, for heat can then dissipate 

only by conduction to the surrounding vascular 

tissues. Damage to a biological system can be 

The distribution of absorbed energy in the different 

parts of the body ~an be computed by knowing the 

dielectric constant and loss tangent of skin, fat nn<l 

· muscle. Figure 1 b shows the fraction of radiation 

absorbei by the body as a function of thickrtess of 

subcutaneous fat layer with skin thickness as a para

meter at 3 GHz. At 0.15 GHz the penetration is much 

deeper, whereas at 10 GHz the energy is absorbed i_n 
expressed as (Hirsch 1956). 

D=Ct 
(1) and near the skin. figure le shows the distribution 

of absorbed energy as a function of fat thickness for 

a skin thickness of 0.2 cm. If the thickness is more, 

absorption in the skin increases while that in the 

d~eper tissues decreases: 

where C is concentration and t is the time. When D 

exceedes a particular value known as the threshold 

value, the orga_~ism is in jeopardy. Also, there exists 

a lower threshold below which the organism would be 

safe. The biological system has a natural tendency to 

correct the tissue damage. · Varying tissues have 

different capacities in this regard. Also, the same tissue 

in different individuals would vary· in its recovery 

capacity. The value· of D would be different for the 

different cases. The concentration C is related to the 

field intensity, the ability of the various tissues to 

absorb the energy and the depth of the tissue beneath . 

the surf ace of the organism.• Limits on . C have been 

experimentally earrived at for the safe dosage of 

radiation. Only thermal effects due to mean powers 

· would be considered and a reference level of energy 

corresponding to a rise of 1 °C in body temp. would be 

. considered. It has been shown (Schwan et al. 1956) 

that the limits are 0.03 W/cm3 for frequencies below 

0.5 GHz where heating is mere 0.01W/cm3, where 

complicated deep and surface effects occur and 

o.oiw/cm3 at frequencies higher then 3 GHz where 

sensory perception of heat absorbed in the skin pro

vides some safeguard. The heat-stroke effects on 

body are considerable after 0.oIW/cm2, the high 

temperatures may pro_ve to be fataJ. 

ABSORPTION' OF ENERGY 

The ~netration of electromagnetic energy into 

the body' forms the basis of the biologial and medical 

applications of rf radiation. Thermal effects. play a 

vital role and the dispersive properties of permitti

vity and conductivity are to be understood. These 

properties have been studied for muscle, wet and dry 

fats and skin for different frequencies at 37°C and 

are given in Table 1.. The human fat lies in between 

the wet fat with somewhat high water content and the 

dry fat. The horse fat is wet while that of the pork is 

dry. The permittivity and conductivity data on human 

tissues at 0.4 GHz_ and 1 GHz are shown in Table 2. 

Radiation at low levels may lead to the formation 

.of opacities and cataracts in the eyes owing to long 

term integration. Experiments on animals suggest· 

that a dosage of 0.0lW/cm2 ~ay require many years 

to cause harmful effects whereas an energy density 

greater than 0.5W/cm2 can soon cause damage in 

as much as the eyes have only a short time constant 

because of their small size and lack of blood vessels. 

Notwithstanding the fact that the informations avail

able on human systems are on the whole inadequate, 
certain reports are available in the literature which · 

would throw some light. in this connection. Hirsch 

and Parker (1952) have published the case of a tech

Figure 1 sh~ws the absorption of microwave nician who was subjected to an intermittent exposure 

energy by various human tissues in the frequency · of about 0.OOSW/cma at 1.7 to 3.4 GHz three days, 

range 0.15 GHz .to 10 GHz. Figure la shows the 'and to a level of OJ2W/cm1 for a total of 2 hours . 

. three layers, viz. skin, subcutaneous .fat· and deep This radiation has resulted in the formation of bila

muscle tissue, . which can be assumed to extend to teral cataracts. 

infinity, in as much as the depth of penetration has 

been shown to be fairly small (Schwan et al. 1955). BEAT DISSIPATION IN TISSUES 
Living tissues can be classified. under two categories 

--normar tissu~ which ·contain blood vessels ind . . - *Vi.kr.uri Sarabhai Space Centre, Trivandrum 695 022. . 
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Fig. 1. Absorption. of microwave energy by the body (a) Triple-layer arrangement; (b) Absorption of energy by the 

body at 3 GHZ (c) Distribution of absorbed energy at 3 . GHZ for a skin thickness of. 0.2 cm .. 
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Fig. 2. Heat-exchange characteristics of animals (a) Qualitative heat exchange in arbitrary units; (b) Results on 
animals. at a frequency of 3 GHz. 

TABLE 1-PERMlTl'IVITY AND CONDUCTIVITY OP I TABLE 2-PROPERTIES OF VARIOUS HUMAN TISSUES AT 37°C TISSUES AT 27°,C 

Muscle Wet fat Dry fat Skin 
Freq. ------
(GHz) milli- milli- milli- milli-

£ mhos/ £ mhos/ £ mhos/ E · mhos/ 
cm(a) m (a) cm (a) cm(a) 

0.15 66 10 7.6 0.66 3.8 0.33 63 8 
0.4 58 10 6.8 0.78 3,4 0.39 47 9 
0.9 54 u 6.1 0.91 3.1 0.4S 44 10 
3.0 54 22 4.4 1.18 2.2 0.59 41. 21 

10.0 4S 125 3.3 2.63 1.7. 1,31 34 82 

ischemic tissues which do not. Practically any desired 
temperature can be produced in the various tissues of 

· Relative permittivity. Conductivity 

Tissue 
(millimhos/cm) 

0.4 GHz 1 GHz 0.4 GHz 1 GHz 

Muscle 54-56 54-51 9.S-10.0 12-12.7 
Liver 46-53 50--51- 6.7- 8.3 9.1-9.6 
Luna 36 6.1 
Bloc,4 64 -6~1 11.0 12.8-14.2 
Fat ~7 0.7-0.!I 

the thigh of a dog by varying the rf energy irradiated 
and the duration of exposure. The tissue temperature 

327 



J. INSTN ELECTRONCcs· & TELECOM. ENGRS, Vol. 22, No. s, 1976 

. ' 
rtses gradually for about 20 minutes after which the 
blood flow in .the thigh increases considerably thus 
constituting a heat-dissipation mechanism, and con

. sequently the temperature falls. These cff ects h:;tve 
also been observed on human tissues. The heat 

, dissipation mechanism p·revents the_ development 
of too high temperatures. Ely and Goldman (1956) 
studied the heat exchange characteristics using 
dogs, rabbits and rats, which were subjected to a pul
sed rf radiation through a horn antenna. Figure 2a 
explains heat exchange mechanism qualitatively. The 
resultant curve shows that at normal temperature, the 
exchange mechanism maintains equilibrium, where 
as for high fevers the net exchange becomes positive 
and eventually the animal dies. Figure 2b projects 

· the results of heat exchange on animals at 3 GHz. 
The radiation was confined to a shielded enclosure 
which was lined with absorbing material in order 
to get relatively free-field conditions. The body te!11_. 
perature rise shown in the Fig. 2b corresponds to the 
rise above normal. The average absorption of each 

. species was about 40% of the power in the animal's 
· geometrical profile and the heat dissipation ability 
was such that a flux of0.025W /cm2 could be dissipated 
at a body temperature rise of 1°C. Similarly, when 
mice were subjected to a IO GHz field with a power 
flux in the range 0.05 to 0.5W/cm2, the temperature 
of the animals rose continuously and eventually death 
occurred when a critical temperature· of 44.1°C was 
reached; this temperature is 6. 7°C above the average 
normal body value. 

Certain parts of the body do not have blood vessels 
and they are vulnerable to- electromagnetic radiation 

, .... 
because heat can dissipate only by conduction to the 
surrounding vascular tissues.· Such parts are the cham
bers of the eye and the hollow viscera, such . as the 
gale bladder, urinary bladder and lumen of the gastro
intestinal tract. Effective temperature regulation is 
not possible in these regions. 

MICROWAVE RADIATION HAZARDS 

-Microwave irradiation can cause deterioration.of 
the reproductive . t.issues resulting in temporary or 
permanent sterility. Even minor· dosage of radiation, 
which is unlikely to cause physiological damage may 
lead to genetic damage which can not be detected for 
several generations. 

Clark (1950) used rabbits to study the effect of ra
diation on the eyes, since size and shape of their eyes 

. resemble those of humans. He found that after· a 
10 minute exposure to about 100 W of microwave 
radiation at 2.45 GHz, a rabbit developed a cataract, 
a form of white cloudy growth. Figure• 3 shows the 
temperature distribution in the eye as a result · of 
microwave irradiation at 2.45 GHz and 10 GHz. it 
can be seen that aJ 2.45 GHz, the highest temperature 
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occurs near the back surface of the lens, wh.ich con
sists of protein very easily damaged by heat. This 
plot .explains the cataracts found .at 2.45 GHz and 
the opacities formed at 10 GHz inside the cornea and 
on interior segment of the lens. The damage caused 
to the lens of the eye due ·to varying degrees of irra
diation for varying durations can be grouped into 
three categories; (a) minimal opacities such as small 
black dots not detrimental to vision, (b) circumscribed 
!)pacities, dense enough to interfere with vision, 
consisting of diffuse arcs with dark ray-like borders, 
and (c) large opacities which obstructed vision, 
comprising large areas with peripheral crescents, 
dense linear projections and vacuoles. All the lens 
opacities developed within 14 days after irradiation. 
Pulsed ,irradiation seems to be more dangerous than the 
CW field in so far as the formation of opacities is con° 
cerned. At the lower frequencies of 0.2 GHz to 0.5 
.GHz no opacities have been found to occur even 
with the whole body exposures near the lethal level. 
It can not be unequivocally stated that the thermal 
effects are the causes of opacity formation . 
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Fig. 3. Effects of mkcowave irradiation on the eyes
Temperature distribution. 

INSTRUMENTATION AND PRECAUTIONS 

() 

It is better to have an idea of the rf field strength 
a:t a particular point so that the operating personnel 
can: exercise some caution. For example, in the case 
of a paraboloid with horn feed of gain 8 dB, the field 
at the edge of the reflector being 10 dB less than that 
at the centre, and a radiated power of 10 KW, the 
minimum safe distance is of the order of 3 m and thus 
the danger area due to direct radiation from the field 
is small. Nevertheless, there are cases in which the 
~hole of the .ground between 250 m and 600 m in 

· front of· the antenna may be within danger zone, 
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since the flux may exceed the safe value. This for
, midable situation can be remedied either by· incre~s-
' ing the mean height of the antenna or by tilting the 

antenna upwards by, say 0.5°, that is, about one fifth 
of the beam width in a typical case. Such an antenna 
could safely be placed on a cliff overlooking the sea, 

- or with g'round sloping away in front of it at an angle 
exceeding 0.5°. 

Also, there may be ground reflections. Considering 
all the factors, the field strength may have to be moni
tored by some reliable instrumentation to understand 
whether the safe limit has been exceeded. Neon tubes 
may be used to give an idea, but this may be mislead
ing. A broad band standard horn with a receiver can 
be employed to monitor the field strength. A simpler 
instrumentation scheme can be the one which employs 
a portable bolometer power sensor or a semi-con
ductor diode in conjunction with an appropriate 
transistor amplifier. An altogether different approach 
can be tl1e one which makes use of biological simu
lants. For instance, the effect of exposure on eye. can 
be examined by noting the response of gelatin mixture. 

The generally accepted maximum safe power flux 
over all the frequency bands is the value O.OIW/cm11• 

If the power flux exceeds this value; the unsafe area 
should be fenced so - that unauthorized personnel 
cannot enter. In case of dangers, first aid measures 
such as artificial respiration, oxygen administration 

and means for rapid cooling of the body should be 
adopted. Clothes made of reflecting materials and 
suitable goggles should ~e worn by the operating 
personnel. Exposure .to direct microwave radiation 
may be avoided by the remote viewing of energy 
channels with, for example, telescopes, periscopes 
or closed circuit television. 

CONCLUSION 
Though this paper has discussed the major effects 

of rf irradiation on human systems, it has not covered 
all the aspects of health hazards. Considerable re
search is going on in this field all over the world, 
consequent to the diversification of microwave and 
radar communication. ' 
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