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SPECIAL ARTICLE-.. 

ENVIRONMENTAL HAZARDS ~ ::7 
.. Electromagnetic Radiation_'' [ ~cLJ..~ ~ ,/4-(-<-

BENJAMIN G. FERRIS, JR., M.D.·•· ~ jl\,\_IC-<..<::,U, 

BOSTON _rL,?'~tt~ ~ J 
T HE electromagnetic spectrum includes radiation 

over a wide range of energies and a variety of 
categories; many of which one senses or uses every 
day. These include microwaves, television and radio 
waves, heat, light and ultraviolet radiations from the 
sun. A part of this spectrum, when the energies are 
sufficiently high, can cause ionization: This includes 
some ultraviolet, x-rays and cosmic radiations. This 
presentation is limited mainly to the nonionizing 
forms of electromagnetic radiation, The characteristics 
of ionizing radiation have been covered in another 
article in this series by Dr. John B. Little, in the 
October 27 issue of the journal. 

· Practically all the energy from the sun comes as 
electromagnetic radiation. In the region of the earth, 
this amounts to 1.94 gm. calories per square cen
timeter per minute. This is referred to as the solar 
"constant" although there are some variations of tl1is 
value during solar flares. Slightly less than half tl1is 
energy actually reaches the earth's surface because 
of reflection and absorption in the upper atmos
phere. Obviously, this repr~sents a very small per
centage of the total energy output from the sun, and 
yet this ;1mount, over the years, has been respon
sible for the production of fossil fuel supplies, such 
as coal and oil, and is the power for photosyntl1esis 
and plant growth. The sun's energy provides the 
power to cause winds to blow, and water to evapo
rate and eventually to fall ,ts rain at altitudes above 
sea level. As the water flows to the sea or to lower 
levels, power can be generated. ·Thus, the sun via 
its electromagnetic radiati~n is a fundamental source 
of pow~{- on the earth. Ancient civilizations recog
nized this by their worship of the sun, and contem
porary populations manifest this rec~gnition today 
in the bronzed heliophils. 

Figure 1 presents the electromagnetic spectrum, 
including the portion that can cause ionization. All 
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these emanations have certain characteristics and 
relations that are similar: they are a means by 
which energy is transmitted; they travel in sti-aight 
lines and at tl1e speed of light (3 X 1010 cm. per 
second); they can be bent or focused; and they have 
the relati_on that a given frequency times the wave
lengyhfur tlrnt frequency is equal to the speed of 
light. The wavelength of a given emanation deter
mines . its specific characteristic and, therefore, 
whether it will be classified as an x-ray, ultraviolet, 
infrared or microwave. On the other hand, a ma
terial could emit a variety of electromagnetic radia
tions -,- for example, a radioactive material that 
emits gamma radiatioi1 could be heated; it w.ill then 
emit infrared radiation to colder objects, and it also 
reflects electromagnetic radiation in the visible range. 

A ·further characteristic of elecb'omagnetic radiation 
is that the energy delivered is directly proportional 
to the frequency (the higher the frequency,· tl1e 
shorter the wavelength a11d the higher · tl1e energy 
transmitted). The energy comes in small units or 
quanta. These energies are often measured in elec
tron volt~. An electron volt is the charge or energy 
imparted to one electron when it is subjected to a 
potentia] difference of one ~olt · - for example, a 
90-kilovolt x-ray machine can produce x-rays of 90 
kilo electron volts (keV). The 90-keV potential ac
celerates the elech'ons toward the anode target, 
where they are stopped. When the electrons are 
stopped x-rays are emitted that· can have· energies 
up to 90 keV. Because the order of magnitude of 
the elect~on volt may be difficult to grasp, a scale of 
gram calories is also presented in Fig~1re 1. It is 
apparent that even at tl1e high frequencies and, 
therefore, high energies, tl1e energy levels per 
quantum are very low as compared with usually 
detectable. energy levels. For example, 1 MeV 
(1,000,000 electron volts) is equivalent to the energy 
required to lift 1 mg. 1/10(;. cm. or o.oi micron 
(about the height of a red blood cell lyi;1g flat). The 
thermal energy or motion of molecules at room tern-
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RENAL REGULATION OF a-LIPOPROTEINS-LEWIS ET AL. 

TABLE 2. Serum Li/Joj1rolein Levels of Patients before and after Renal Trans/Jlantation. 
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CLINICAL NOTE 

Maintained by artificial kidney 
Renal transplant 
Good g-raft function 
Good graft function 
Good g-raft function 
Good graft function 
Poor graft functiqn 
Pancreatitis; ~holestatic jaundice 
Maintained by artificial kidney 
Renal transplant 
Kidney functioning well 
Kidney removed because of ureteral 

necrosis,' with extravasation of urine 
Maintained by artificial kidney 
Maintained by artificial kid~1ey 
Renal transplant · 
Patiein clinically well, but no ex-

cretory function 
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Ren,d transplant 
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Renal transplant 
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Renal transplant 
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by the study of Alper, Levin and Rosen, 15 who 
showed, by metabolic studies of /3 1c-globulin labeled 
with radioactive iodine (131 I), that low serum levels 
of this protein were not due to increased rate of 
catabolism or to excretion but were best explained 
by a decreased rate of synthesis. 

kidneys was necessary, a-lipoprotein again de
creased to low levels. 

Paksi and S. Barany and to 
technical assistance. 
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TABLE 1. Summary of Some Biologic Effects of Ultra.violet 
Radiation. 

EFFECT 

lo1iization 

Germicidal 

Carcinogenic 

Ozone production 

Photosensilization 

Pigmentation 

Thickening of strat.un1 
corneum 
Degeneration of 
collagen 
Keratc>conjunctivitis 

Antirachitic 

Erythema 

RADIATION 

100 A range - overlays with "soft" 
x-ray · 

2600 A maximum - effect falls 
r.ipidly at shorter or lo1iger wave
lengths; effective range associated 
with absorption ba,nd 9f nucleo
proteins 

2000-4000 A. -
maximum effect 2900-3200 A 
In germicidal range 

Wavelength at which this occurs 
\ 1aries with absorption characteristic 
o_f chemical conipounds involved 
2800-3200 stimulates formation of 
melanin - .little tanning; 3000-6.500 
A, maximum 36()0-5000 A oxidizes 
preformed melanin - tanning 

In solar range 3000-4000 A 

Parallels C:timulated exposure in solar 
rai1ge 3000-4000 A 
Greater effect at shorter wave
lengths - 0. I 5. x IO' ergs at 2880 A 
will produce effect 

Ergosterol to vitamin D; I inter
national unit of vitamirl D formed 
from ergosterol when 900 ergs 2490 
to 3130 A absorbed 
2/i67 A 25,000 µ, W, sec/cm. 2 mini
mal ,imount of power to produce 
erythema at this wavelength, which 
is wavelerlgth of rnaximurtj sensitivity; 
erythema can be produced by 
shorter or longer wavelengths (within 
a limited range) but more power is 
necessarv; with extremely short wave
length U.V.there is ove;lap with 
soft X-rays, & skin. erytheli1a results 
from effects of ionization. 

important when germicidal lamps are used or when 
other man-made sources rriay be operating. The 
germicidal range is that at which the nucleoproteins 
have a high absorption, and this may account for the 
germicidal effect. Other materials or compounds 
have their specific absorption characteristics. 

It should be emphasized that the U.V. in sunlight 
or from artificial sources is not entirely safe. As with 
ionizing radiation, biologic manifestations· do ncit 
appear until sometime after exposure. Therefore, a 
person can receive an excessive amourit before he is 
aware of the extent cif the exposure. If the exposure 
is sufficiently great there may be marked _systemic 
effects such as fever, nausea and malaise. Appar
ently the aging effect of the skin bears a high cor
relation to the accumulated exposure to ultraviolet. 
In the areas with greatest exposure premalignarit or 
malignant changes are also most likely to develop. 

As noted above, so~e persons are . sensitive be
cause of the characteristics of their skin or colora
tion. Others may be sensitive because of specific 
diseases that result in photosensitivity such as xero
derma pigmentosa, lupus erythematosus, pellagra 
and porphyria. A specific occupational skin disease 
occurs in celery pickers as a result of contact of the 

skin to the pink rot infection of celery followed by 
exposure to sunlight. Probably more important, witl1 
the development of a variety of new drugs and the 
increased use of medications, is that a number of 
medications and plant extracts can produce photo
sensitivity. Some of these are· phenothiazines such 
as chlorpromazine (Thorazine), methoxypsoralens, 
sulfonamides and sulfanylureas such as tolbutamide 
(Orinase) and chlorpropamide (Diabinase). 

With an increase in leisure time and with in
creased medication of the population wii:h tranquil
izers, oral agents to control diabetes and other ma
terials, more deleterious effects of ultraviolet can be 
expected. Physicians should be aware of these 
problems .and alert their patients to the potential 
hazards. Protection is, afforded by clothing, dark 
glasses and certain creams that contain chemicals 
with a specific absorption band for ultraviolet. Per
sons occupationally exposed must also be provided 
with proper protective clothing. Where germicidt1l 
lamps are used they must be well maintained so 
that no dust accumulates on their surface, which 
will effectively shield the U.V. If ultraviolet lamps 
are employed care must be taken to prevent re
flected U.V. from reaching the eyes. The best pre
caution is to wear goggles that filter out the U.V. 
There should be interlocks so that there will be no 
exposure if the short wavelengths are lised; there 
mt;st be adequate ventilatiori to prevent tl1e accti
mulation of ozone that is produced by the ultravio
let radiation. This latter is the sort of reaction that 
takes place in air polluted with automobile exhausts 
and increases the oxidizing quality of the air. 

ViSIBLE LIGHT 

This covers the relatively .narrow band of 4000 to 
8000 A that is perceived by the human eye. -The 
color that is seen results from the wavelengths r~- . 
fleeted frorri the object. The penetrating ability of 
visible light is slight except for transparent materials 
such as glass, water and the lens and humors of the 
eye. 

The hazards of this type of radiation may be di
vided into direct ai1d indirect. The former result 
from the radiation itself, such as retinal burns due 
to looking at the sun during an eclipse with inade
quate filtration, and the latter from personal injury 
caused by accidents produced by inadequate quality 
of illumination due to glare, high contrast or too low 
levels of lighting. 

The retinal burn due to direct penetnttion and 
foctising of intense levels of light can produce ah·o
phy of an area of the retina. Since in viewing 
eclipses or other potentially intense light sources 
the viewer uses the macula, the injury will be pro
duced in the part of the retina that has the greatest 
concentration of cones and is used for fine and pre
cise vision. Considerable disability can tl1erefore 
occur. 

Within the range of visible light are the recently 
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perature is about 1/30 eV; the energy of bonds 
holding atoms together in mole~ules of chemical 

compounds range from franctions of an eV to 10-12 
eV, whereas nuclear binding energy holding protons 
and neub·ons together is millio_ns of electron volts. 

As mentioned by Dr. Littl~ in the article on ioni
zing radiation, it takes about 34 e V to produce an 
iori pair. This energy level is reached in the short
wave-length ultraviolet range and with longwave

length or "soft" x-rays. Thus, all forms of electro
magnetic radiation with wavelengths longer than the 

shortwave ultraviolet cannot produce ionization. On 
the other hand, lower energy levels in the range of 

10-15 e V are sufficient to. produce chemical reac
tions such as photosynthesis or chemical changes in 
air polluted with auto exhaust - for example, ultra
violet radiation or sunlight is an important factor in 
the genesis of air pollution of the oxidizing type 
such as that found in Los Angeles. The mechanisms 
whereby these reactions are produced appear to 

result from excitation of an atom or molecule, or by 
heat. In addition, various compounds have high 
absorption characteristics for a specific wavelength, 
and these wavelengtl1s may enhance or activate 

chemical change as in the conversion of ergosterol 
to vitamin D. 

It is also relevant to consider the energy flux or 
the tinie rate at which the energy is received (that 
is, the power delivered). The electron volts apply to 
the quanta or parcels of energy delivered; each 
quantum being the amount per wavelength. Ob
viously, with short wavelengths and therefore high 
frequency, the number of quanta per unit of time i~ 

much more than at the longer wavelengths, and 
therefore the energy delivered is also greater per 

unit of time. This factor is a further example of why 

the shorter wavelengths are potentially more haz
ardous thim the longer wavelengths. Even though 

high-power levels cim be reached at the longer 
wavelengths, ionization does not occur, but heating 

or burning of material is possible. 
Music, noise or sonic booms are not electromag

netic radiations; they are pressure waves and have 

been discussed in the preceding article in this se

ries by Doughe1ty and Welsh (October 6 issue). 

ULTRAVIOLET 

The major natural source of ultraviolet (U.V.) 

radiation is the sun which emits U.V. in the range 
of 1,400 to 3,900 A (0.14 to 0.39 µ). There are a 
number of artificial or man-made sources such as 
electric arcs used for lights, welding arcs, plasma 

jets or arcs, germicidal lamps and special lamps 

used to simulate solar radiation. The source per se 
does not influence the effect; what is important is 

the wavelengths that are emitted. In U.V. from the 

sun, the shorter wavelengths are filtered out by the 
atmosphere (specifically ozone) and only. 2,900 tci 

3,900 A wavelengths reach the earth's surface. The 

ozone layer of the atmosphere is at an altitude of 

about 28 km., and, therefore, above this altitude, the 
shorter-wavelength ultraviolet radiation is a possible 

hazard. 
The amount of ultraviolet reaching the earth's 

surface from the sun depends on a number of fac
tors; the position of the sun in the sky is one of 
these, and therefore, the ri.mount received at a given 
site will vary with latitude, season of year and time 
of day. The elevation above sea ievel is also impor
t,int. At higher elevations there is more U.V. Air 
pollution or clouds (water vapor) can reduce the 

ai1101mt that reaches the earth's surface. The amount 
of U.V. received by an object or an individual is 

influenced by the above, but this amount rriay be 
increased by reflected U.V. from water, snow or sand. 
Such exposure can result in snow "blindness" or 
sun "blindness" due to keratoconjunctivitis. 

Ultraviolet radiation is readily shielded. Ordinary 
window glass will filter out most of the shorter 
wavelengths, and a light layer of clothing will elim
inate all wavelengths. This weak penetrating ability 
limits the usefulness of the U .V. as a bactericidal or 
viricidal material, and also allows tlie human body 
to protect itself from ultraviolet radiation by in
creasing the thickness of the stratum corneum -
this, with tanning, offers considerable protection 
from ulb·aviolet radiation. There is much individual 
variation in the development of these protective 
responses, and in some persons they are minimal -
the only solution for them is to avoid sunlight or to 
be clothed. 

Some selected biologic effects of U.V. are 
presented in Table 1. The shorter wavelengths are 

.., 
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developed devices called optical masers or lasers, 
which ctm be considered to be a special category. of 
visible light. These devices emit beams of light 
with remarkable properties. Coherence, which is 
their fundamental property, is of two types: spatial 
and temporal. Spatial coherence over an interval is 
present if _there is a sui·frice over which the phase of 
the wave is the same (or is con;efated) at all points. 
Time coherence exists at an infinitesimal area on a 
receiving surface i_f there is a periodic relation be
tween its amplitude at any one instant and- its am
plitude at later instants of time. Perfect time coher
ence; therefore, implies perfect monochromaticity, 
which, however, is forbidden by the uncertainty 
principle. 

Because of their spatial coherence they have ex
tremely small divergence or are higbly collimated 
beams. They are therefore highly directional and 
can be focused to a spot whose diameter is close to 
1 wiwelength of the emitted light. Enormous power 
densities are possible. For example, a SO-kilowatt 
infrared burst from a specific type of laser has a 
power density of 1012 watts per square centimeter, 
this is about a hundred million times the power 
density ~t the surface of the sun. Thus, e·xtraordi
narily high temperatures can be generat_ed at the 
small area where the radiation is absorbed. Because 
the beaim have a high degree of time cof1erence, it 
is quite possible they will have application in com
munication systems. Since their frequency is so 
much greater than radiowaves or microw,ives, by 
four to ten orders of magnitude, they can carry 
much 11101:e information. They also have potential as 
tracking devices or Doppler radars, which can fol
low and guide ·rapidly moving objects. This Doppler 
shift varies directly as the velocity of the moving 
body and the frequency of the ii11pinging radiation. 
The precision of the method in principle is suffi
cient to measure the speed of an object moving at 
1000 miles per l~our ~ith an acc1iracy of 0.001 mile 
per hour or better. 

The principle of operation of a laser is that light 
is used to pump the atoms of a gas in a special 
chamber to a higher energy level than their nornial 
resting state. Gases or combinations of gases with 
special properties appear to be. more satisfactory 
than solids because lower energies are required. 
The main property of the gases is that they must 
have more than two po~sible energy levels. In gen
eral, when an atoni is at a higher energy level, it is 
unstable and reverts quickly. to its resting energy 
level. If there are stages, and if one of these persists 
for a relatively long time (milliseconds), it will be 
possible to accurimlate a large number of ~toms at 
an energy above the resting level. If a second 
specific frequency of light is now used this will 
stimulate the excited atoms to discharge to their 
restirig state with the emissio1i of a photon or elec
tromagnetic radiation with a characteristic frequency. 
If large numbers of atoms can be stimulated to dis-

charge simult;neously an intense beam of radiation 
is produced; the two frequencies used are called 
the pumping frequency and the stimulating fre
quency. Since light- is used this gives rise to the 
acronym laser: Light Amplificatiori by the Stimu
lated Emission of Radiation. 

The hazard from laser beams 1:esults whep a part 
of the body is placed in the beam. The high-power 
densities cari quickly produce a burn, with destruc" 
tion of tissue, beforn any sens,i.tion of burning is 
felt. The devices must be well .shielded to pi-ever).t 
scattered radiation, a~d there should be no reflect
ing smtwes on which the beam could impinge and 
then be redirected. Burns have been produced at 
distances up to ½ niile from the source. As these 
devices begin to be used in communic,1ticins, they 
should _be directed away from, or above, populated 
areas. This should not be difficult because 6f their 
high degree of collimation. 

As _noted above, visible light ca1,1 be a luizard in
directly. Indirect hazards due to lighting resiilt frori1 
the poor quality of illumination so that an accident 
reiults, ~ith injury to a person or to persons. Exam
ples of this occur when an automobile driver is 
"blinded" by the glare of headlights from an ap
proaching car at night, or by the sun in the daylight, 
directly or iridirectly owing to reflection from shiny 
surfaces, or when a person moves from an· area of 
high iHumin11tion to one of very low illumination 
a~d atte1~1pts to ri1ove about or work befoi·e. his dark 
adaptation has folly developed. In indtistry, ade
quate illuii1ination helps to reduce accidents and 
can improve the quality and quantity of production. 
The required amount of illumination will vary de
pending 11pon the type of operation. For usual work 
at a. desk 70 to 100 foot candles suffice; for exb·i:m1e
ly precise work, as in certain asseinbly operations, 
400 to 500 foot. candles may be necessary. Ii1 many 
operations in which effects of ·varied illumination 
have been shidied, however, it has been. difficult to 
separate the psychologic and esthetic factors that 
may be influencing the results from the physical 
factors except at extreri1ely low levels of illumina
tion. 

INFRARED 

Infrared radiations have longer wavelengths than 
the visible range and m;e the radiations we "feel" 
when one holds_ one's hands up to a fire . or a 1-iot 
stove. Their range is from 8000 to 1,000,000 A. The 
range of 8,000 tci 14;000 A is referred tci as short 
infriued, and the others as lorig infrared radiations. 
The wavelength emitted depends upon the temper
attire of the body. All objects radiate infrared radia
tions to other objects with a lower surface tempei·a
ture. The higher the temperah1re, the shorter the 
wavelength, and with extremely high temperatures 
(as those on the sun), the emission passes from the 
infrared to the visible range and can extend to the 
longwave ultraviolet. This change has been recog-
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nized empirically in the iron and steel indtistry and 
is incorporated in the language as red hot and white 
hot (white hot being hotter than red hot). 

The exchange of infrared radiation takes place 
between two objects of different temperature -
energy flowing by this route from the hotter to the 
colder. This is the warmth that is detected froin the 
sun, and is the principle behind the use of heatii1g 
panels cir so-called radiant heating. This flow is 
unaffected by wind or air movement but can be 
blocked by adequate shielding such as thin alumi
num or even clothing. Thermal balance can be 
maintained by a seminude person even at low am
bient-air temperatures if there is an adequate source 
of infrared radiation. 

The sensation of heat is quickly detected and can 
therefore give adequate warning that extreme con
ditions may exist. The radiation does not penetrate 
deeply in tissues. Heating of the body takes place 
as a result of heat absorption in the surface layers of 
the skin. Dilatation of the capillary bed of the skin 
occurs, and the heat in the skin is removed by the 
blood or evaporation of moisture. The amount of 
heating of the blood will depend on the amount of 
radiant energy absorbed, the capacity to dissipate 
heat by evaporation and the rate of blood flow. In 
extreme cases coagtilation of the tissues will occur, 
and a btirn will result. In less severe .cases marked 
heat stress can develop if considerable portions of 
the body are exposed to the radiation. Since in
frared radiation can be reflected by polished smooth 
surfaces clothing or various types of shielding can 
be used for protection. Some materials have a 
specific absorption capacity for infrared. They may 
act as filters to remove infrared, or they may act to 
absorb the energy and reradiate it. Those that ab
sorb the energy and reradiate it would not make 
good shielding materials. 

The fundamental action of infrared . is heating. 
Sufficient heating can take place . to cause burris of 
the ski.n, cataracts in the lens of th~ eyes or retinal 
burns. The ii-is in the eye f pj)ears to absorb the 
radiation and increase the he;1ting effect of the lens. 
The lens is partic~larly sensitive because it has a 
poor heat-dissi1xiting rnechariism. In addition, in
frared sources can increase the thermal load on a man 
so that his sweating mechanism cannot compensate 
to lose enough heat. High body temperature may 
develop, with resultant heat sfroke or heat exhat1s
tion; heat cramps may also occur because of excess 
loss of salt in the sweat. These, of course, are not 
specific to infrared radiation but could occur under 
any form of thermal stress. -----

~WAVES ~ 
Microwaves encompass a wide range of wave

lengths, from 0.01 to 3000 cm. These wavelengthi 
are used in radar, television, shortwave radio frans
mitters and diathermy. They are also used to fire 
photoflash bulbs remotely and can ignite dry steel 
wool. _The energy levels are well below those 
needed to cause ionization. The effects of micro
waves appear to be more complex than simpiy a 
heating effect, although most of the changes can be 
attributed to this phen6rnenon. The co~plexity of 
the response is due to the fact that the body is com
posed of a variety of tissues _with different electric 
conductance, capacitance, inductance and resonance. 
Aiso, as the energy passes from a tissue of one co1~
ductivity to that with a different conductivity, re
flections or standing waves may develop. This results 
from an interface phenomenon. 

The effect of microwaves on the human body vary 
with the wavelength or the frequency (Table 2). At 
the lower freqtiencies or longer wavelengths the 
body is transparent to the radiation. As the fre
quency increases, the body absorbs more and more 

TABLE 2. Summa,y of Effects of Microwaves on Huuw:ri Beings. 

FREQUENCY 

megacycles/sec. 

>10,000 

10,000-1000 

1,200-150 

<150 

Threshold limits: 
10 rri watts/cm.2 

i-i Orn waus/~m. 2 

<Im watt/dn.' 

VVAVELENGTI-I 

cm. 

<3 

1-30 

25-200 

>200 

ku 
k 
ka 

X 
C 

BAND* QI{ 

SouRcE 

S (radar) 
L 

UHF-VHF 
(radio & 
television); 

short,\1ave 
diathermy. 

Industrial 
dielectric 
heating 
equipment 

SITE OF 

AcT10:,,.' 

Skin 

Skin 

Lens of eye 

Internal 
organs 

Po~enti.illy haza1:douS 
Safe for occas\onal ex1Josure 
Sate for indefinitely prolonged exposure 

,:,Leners refer to generally accepted S}'!llbols for the various wavelengths. 

EFFECTS 

5kin ,·ef·iects or absorbs 
only in superficial layers; 
i10 effect or minimal. 

Cataracts 

Oa1~1ag~. internally, due to 
overheating & interface 
phenomena 

Budy transparent 
No effects 
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power until a maximum is reached at about 300 
megacycles per second (Mcps) (100-cm. wavelength) 
when 40 per cent of the energy is absorbed. This is 
in the ultrahigh-frequency (UHF) television range. 
With further increase in frequency less and less 
power is absorbed, and finally, at 104 Mcps (3 cm.), 
the skin acts as a reflector. Penetration at the point 
of maximum energy absorption lies between 1 and 
10 cm. This energy range, 100 to 1000 Mcps (300-30 
cm.), is potentially the most hazardous because 
there is little or no heating of the skin where ther
mal receptors would be stimulated. When the 
higher frequencies impinge on the surface, prompt 
warning is produced by the sensation of warmth. It 
is possible to produce actual thermal burns of skin 
or eye tissue if sufficient power is used, and lethal 
effects have been reported when a person has been 
exposed to high-power densities in the wave guide 
of a transmitter. 

The eye and the testes appear to be potentially 
the most vulnerable parts of the body. Both are 
affected by the heating of the organ. The eye, with 
its poor blood supply, particularly around the lens, 
is susceptible to cataract formation in the microwave 
range that can penetrate to that depth (wavelength 
of 10 to 12.5 cm.). Temporary sterility could be 
induced from the heating effect. It is unlikely that it 
would be more than temporary. For these effects to 
occur a man would have to be directly in the beam 
and close to the source. Persons most likely to be 
exposed would be workers on or in the vicinity of 
the transmitting wave guides. 

The power-density threshold to produce effects is 
in the range of 10 to 20 m watts per square cen
timeter. Some of this variation results from the dif
ferent absorption at different wavelengths. The 
lower figure applies to the range of maximum ab
sorption. 

around such installations should be fenced off and 
posted with appropriate signs. Usually, the trans
mitters are sited on hills to obtain maximum trans
mitting distance, which also minimizes the possi
bility that human beings will be exposed. 

Additional hazards from microwave transmitters 
involve electric shock and "soft" x-rays. The x-rays 
are emitted by the klystron tubes. The only persons 
who might be exposed are those working around 
the equipment or doing maintenance on the equip
ment. Entrance into the areas where the tubes are 
located should be controlled · by interlocks so that 
entry is permitted only when the tubes are not en
ergized. 
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EDICAL PROGRESS 

BET A-ADRENERGI RECEPTOR BLOCKING DRUGS* 

Mechanisms of Actio and Clinical Applications 

STEPHEN E. EPSTEIN, M.D.,t EUGENE BRAUNWALD, M.D.:j: 

BETHESDA, MAR AND 

T HE concept that effector cells contain excitatory 
and inhibitory "receptor substances" and that 

the effects of epinephrine are dependent upon the 
types of receptor substances present was first sug
gested by Langley1 more than sixty years ago. This 
hypothesis received support in 1906, when Dale' s2 

comprehensive studies on the adrenergic blocking 
activity of ergot derivatives was published. Although 
these drugs completely antagonized and even re
versed the excitatory actions of epinephrine they 
had no effect on the inhibitory actions. The only 
excitatory action of epinephrine that was not inhib
ited by ordinary doses of ergot was its stimulation 
of the heart. These results suggested that the effect 
of epinephrine is dependent on at least 2 types of 
receptors, 1 of which was blocked by the adminis
tration of ergot. It remained for Ahlquist,3 however, 
in 1948, to define clearly the concept of alpha and 
beta adrenergic receptors that, with ininor modifica
tion, is still adhered to today. This investigator 
studied the relative potencies of 6 different sym
pathomimetic amines on a variety of effector sys
tems. When the compounds were tested for their 
abilities to cause vasoconstriction, excitation of the 
uterus, contraction of the nictitating membrane, 
dilatation of the pupil and inhibition of the gut, a 
consistent order of potency emerged. However, this 
order of potency was found to be completely re
versed when the drugs were tested for their abili
ties to produce vasodilatation, inhibition of the 
uterus and myocardial stimulation. On the basis of 
these findings Ahlquist postulated that 2 distinct 
types of adrenergic receptors exist and that the ef
fects of a sympathomimetic drug on an effector cell 
depend on the type of receptor with which it is 
capable of reacting. Receptors that, when stimu
lated, have an excitatory effect were classified as 
alpha-adrenergic receptors, and those with an inhib
itory effect on stimulation were classified as beta
adrenergic receptors (Table 1). However, 2 excep
tions were noted: the cardiac stimulatory effects 
produced by sympathomimetic amines are mediated 
entirely by beta-adrenergic receptors; and the inhib
itory effects of sympathomimetic amines on the gut 
are mediated both by alpha and by beta receptors. 4 

*From the Cardiology Branch, National Heart Institute. 
tSenior investigator, Cardiology Branch, National Heart Institute. 
*Chief, Cardiology Branch, National Heart Institute; clinical pro-

fessor of medicine Georgetown University School of Medicine; lec
turer in medicine Johns Hopkins Hospital. 

In con ·ast to Ahlquist' s investigation, in which 
the type o adrenergic receptor was identified by 
tests of the re · tive potencies of a series of sym
pathomimetic ami { (that is, of sympathetic agonist 
drugs), the use of sympathetic antagonists offers a 
more convenient means of defining the nature of 
the adrenergic receptors. Although alpha-adrenergic 
receptor blocking drugs such as ergot derivatives, 
phenoxybenzamine (Dibenzyline) and dibenamine 
have been used for many years, agents that are ca
pable of antagonizing the beta-adrenergic effects of 
sympathomimetic amines and of sympathetic nerve 
stimulation have become available only relatively 
recently. In 1958 Powell and Slater5 described tl1e 
pharmacologic properties of dichloroisoproterenol, 
the first drug that couid block beta-adrenergic re
ceptors and was itself without any alpha-adrenergic 
stimulating activity. 5 These investigators found that 
the concomitant adminisb·ation of this dmg and the 
alpha blocking agent dibenamine abolished both the 
vasoconstrictor and the vasodilator actions of epi
nephrine. Thus, they confirmed Ahlquist\, hypothe
sis that the actions of sympathomimetic amines are 
mediated by two types of receptors, and it became 
clear that each of them could be blocked by a dif
ferent antagonist. 

Although dichloroisoproterenol is a potent inhibi
tor of tl1e beta-adrenergic receptors, it is not totally 
devoid of intrinsic beta sympathomimetic activity. 6 •7 

The synthesis of pronethalol (nethalide) provided 
the first beta-adrenergic receptor blocking agent that 
had little, if any, intrinsic alpha or beta sympatho
mimetic effects. 8 Because pronethalol was demon
strated occasionally to produce lymphosarcomas in 
mice!! an attempt was made to synthesize an agent 
without carcinogenic potential. One of the blocking 
agents that emerged from this effort was proprano
lol§ a drug that was shown to have a therapeutic
toxic ratio about ten times greater than that of pro
nethalol.10 In addition to propranolol, several other 
beta-adrenergic receptor blocking agents have been 
developed. 11 All tl1ese compounds have been found 
to exert a competitive type of blockade - that is, 
the dose-response curve of the agonist is shifted 
progressively to the right with increasing concentra
tions of antagonist. Irreversible blockade, such as 
that seen with the alpha blocking agent phenoxy
benzamine, has not been described. Although each 

§In the form of Inderal, Imperial Chemical Industries, Limited. 


