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' 
During the 13th meeting of the Executive Council of the International Radiation 

• Protection Association, the Report of the Working Group on Nonionizing Radiation 
Protection to the Executive Council of IRPA, dated November 21, 1974, was adopted. The 
Executive Council decided ~hat a ·Study Group be appointed to, prepare documents on 
criteria, standards and measurements for protection against nonionizing radiation and 
to prepare rules for a possible future international body on NIR protection.•. 

The Executive Council decided that the Study Group be composed of: 

H. Jammet,.Chairman 
P. Czerski 
M. Faber 
Z. V. Gordon 
J. C. Villforth 
G. M. Wilkening 

' 

(France) · 
(Poland) 
(Denmark) 
(U.S.S.R.) 
(U.S.A.) 
(U.S.A.) 

Following the 13th meeting of the Executive Council, the Chairman of the Study 
Group made the following assignments: 

Microwave and Radiofrequency Radiation 
Protection Standards, P. Czerski 

Review of Ultraviolet Criteria and 
Standards, M. Faber 

Public Health Aspects of Ultrasound 
Radiation, J. C. Villforth 

Laser Radiation: Biological Effects 
and Protection Criteria, G. M. Wilkening 

The results of the assignments to the Study Group and the summary report are 
contained in these "Overviews on Nonionizing Radiation." 
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SUMMARY 

Optical Radiation Sources, Including Lasers 
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radi~tion have ~een known for many years. They o~~~r-.. -iq_}~-,fl~ni.9,eriR(;~Jf1,1,rn~nf~:Hs~Js 
workmg near high temper.ature sources (IR, and UV), use of electrical >arcs m metal 

welding and cuttiing, (UV),· fabrication1 -~~n.tr,9i: ai;id1 C?:<_:(:ryPational:,1:-l~e.:otJ\uH~~~t~J.1:, and 
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leisure activities such as sunbathing and sports (exposure to natural UV). UV sources 
have been available for many years for home use as well, partly for the semicosmetic 

purpose of suntanning. 

Medical exposure to conventional IR and UV radiation is at present increasin& 
owing to the expanded application of thermotherapeutic (IR) and phototherapeutic (UV) 
methods. 

The term laser refers to devices emitting a coherent, monochromatic, very narrow 
and intense beam of electromagnetic radiation with a wavelength ranging from the x ray 
to the microwave field depending on the active medium used; The rate of development 

and use of lasers since the.ir apparition some 15 years ago has been truly phenomenal, 

and there.is every promise that their applications will continue to grow and expand. 

Occupational exposure represents _for the moment the chief health problem because 
of the high powers involved in scientific and industrial applications. The associated 
hazards vary greatly according to the wavelength used, the mode of operation, and the 
power output •. Lasers have already found widespread technological applications in metal 

working (microw:lding a~d microfinishing), drilling, buil~ing,_ precisio~ measurements, 
telemetry, applled optics (holography), telecommunications, guidance systems, 

illtiminating techniques in show business and publicity. Laser devices are also one of 
the newest tools in scientific research (nuclear fusion, isotope separation, 
spectroscopy), in dentistry, medicine, and medical research, as well as with respect to 
military applications. 

1 · From the standpoint of population exposure, although it is to be expected that the 
use of lasers in the public domain will involve low power devices, there is concern 
about the rapidly icreasing number of practical applications reaching the public. Not 
only are laser devices used in teaching and for lighting purposes in theatre scenery 
and publicity, but some laser toys and gadgets for home use have begun to be available 
commercially. Accidental exposures might also occur during out-of-door laser 
operations, such as in telemetry and construction. 

ln medicine, lasers were first used in ophthalmology for photocoagulation 
purposes, but they are essentialy a first,.;class tool in microsurgery of the eye. 
Diagnostic and ther.apeutic laser techniques are presently tested or investigated in 
various fields: diagnostic transillumination of tissue, macrosurgery, treatment of 
melanoma, tumour destruction, and cauterization. Stopping of dental caries, enamel 
scaling, and bridge work are the present applications in stomatology. 

Microwave and Radiofrequency Radiation 

Although concerns about MW and RF effects and possible hazards arose first in 
highly developed countries, the problem reaches now a universal global character. The 
number of devices, which by design emit electromagnetic waves into the atmosphere, such 
as radars, radiotelecommunication links and repeaters, and television and radio 
broadcasting stations, is growing from day to day all over the world and their power is 
also rapidly increasing. Electromagnetic waves emitted in particular countries 
propagate around the globe, and sea and air travel necessitate the worldwide use of 
on-board and ground-based equipment. 

Occupational exposure remains the main source of chronic and high-level exposure 
more particularly· with respect to the following activities: broadcasting, telecomun-
ications, air and shipborne radar navigation, air traffic control, satellite communi
cation, meteorology, metallurgy, food processing, sterilization, scientific research, 
and medicine. 

Memb~rs of the public may be exposed to microwaves either because they live in the 
vicinity of high power sources such as radar installations, broadcasting stations, and 
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television transmitters, or because of the rapidly increasing domestic use of microwave ovens. Furthermore, in many countries, the population as a whole is quite permanently 
exposed to low-level RF radiation. · 

Medical exposure is chiefly due to microwave diathermy teatments. 

Ultrasonic Radiation 

First used in submarine echosounding, ultrasound has found only recently a very 
wide range of practical applications. In 1950, only ardent enthusiasts and visionaries 
would have predicted a vast market for the then unpublicized, little known, and largely 
unverified capabilities of ultrasonic imaging instruments. The predominant view held in 1973 by a number of industrial executives and practicing physicians in the United 
States was that ultrasonic instrument sales would. match or exceed x-ray instrument 
sales in 10-20 years time. 

Major occupational sources of exposure to ultrasound are industrial cleaning, 
machining, welding plastics, emulsifying, flaw detection, electronic signal processing, sonar detection of submerged objects, and medical use. Furthermore, workers may be. 
exposed to ultrasound emitted as a parasite radiation by a number of machines such as 
jet propulsion devices. 

Members of the public may be exposed through the use of various consumer-oriented 
products, such as devices sold for bird and rodent control, burglar alarm, and traffic 
control and dog whistles. 

But medical uses seem to be the most rapidly increas1ng source of . exposure. Ultrasound devices are used in medicine for both therapy and diagnosis. Ultrasound 
therapy is a common procedure in physical therapy, but it is also used for treatment of 
specific diseases, for instance, Meniere's disease. Diagnostic applications are 
associated with just about all of the medical specialities and, particularly, in 
obstetrics where they include fetal cephalometry, placental localization, detection of 
intra-uterine life and diagnosis of multiple pregnancy. In dentistry, ultrasound is 
utilized for cleaning teeth. 

Need for Harmonization 

Considering the rapidly expanding uses on a worldwide scale of NIR producing devices, it is important to assess realistically the potential hazards of NIR exposure 
and to establish exposure limits so that the worker or the general public will be 
adequately protected without unduly restricting the beneficial applications of these 
energies. 

These items are indeed increasingly dealt with in a number of publications, but it is regretable that the lack of an agreed upon philosophy and the use of very different 
concepts, quantities, and units often make it difficult to collate the studies and the 
data obtained. In some countries, prote~tion standards have already been issued for 
particular radiation frequencies (radio and microwaves) or for certain occupational 
situations, but owing to discrepancies in the underlying considerations, there are wide 
differences in the values adopted. Because of the universal character of 
electromagnetic pollution, as well as of the increasing international trade in 
electronic products, international agreements on exposure limits, and guidelines on 
equipment performance, standards are urgently needed. Internationally acceptable 
protection standards, however, can be established only if good consensus is reached on 
the different quantities, concepts, and basic principles of protection to be used. The 
complexity of the problems involved, therefore, necessitates not only international but 
also wide interdisciplinary cooperation. 
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MICROWAVE AND RADIOFREQUENCY RADIATION PROTECTION STANDARDS 

Introduction 

The natural background of microwave (MW) and radiofrequency (RF) radiation is 
infinitesimal in comparison to the overall intensity of manmade radiation in this range 
(Fig. 1). The rapidly expanding industrial and home uses of electrical and electronic 
devices contribute to a steady increase in "electromagnetic pollution" of the environ
ment. It is sufficient to realize that all devices generating, transmitting or 
operated by electric currents emit electromagnetic radiations, to become aware of the 
universality of this type pollution. Moreover, the numbers of devices, which by design 
emit electromagnetic waves into the atmosphere, such as radars, radiotele-communication 
links and repeaters, television and radio broadcasting stations, are growing from day 
to day. The power of individual installations is also rapidly increasing. 

It should be emphasized that MW and RF radiations constitute a very recent 
environmental factor, dating back only a few decades (2). Concerns about biological 
effects, possible occupational and public health hazards, as well as environmental 
impact arose only in the early fifties (3). At this time attention was paid mostly to 
microwaves because of the introduction of high-power radar installations. The 
development of microwave heating techniques and particularly of microwave ovens for 
home use once again focused the attention on the MW range (4). The realization is 
growing, however, that exposure to RF radiation in lower frequency ranges is of the 
same, if not greater, importance, particularly from a public health point of view 
(1,2,5,6). 

Although concerns about MW and RF effects and possible hazards arose first in 
highly developed countries, the problem has a universal global character. Developing 
countries are rapidly establishing telecommunications and broadcasting systems, devel
oping electrical energy sources and introducing electrical and electronic equipment. 
Sea and air travel necessitates the worldwide use of on-board and ground-based 
equipment. Electromagnetic waves emitted in particular countries propagate around the 
globe and new additions to the overall intensity of electromagnetic radiations are made 
daily. A 1974 U.S. report (7) states: "unless adequate monitoring programs and 
methods of control are instituted in the near future, man may soon enter an era of 
energy pollution of the environment comparable to the chemical pollution of today." 

International consensus on maximum permissible exposure doses and an international 
program for containment pf electromagnetic pollution are urgently needed. Prevention 
of pollution is a more efficient and economical way of achieving control than belated 
efforts to reduce the existing levels. 

Physical Characteristics 

The term "microwaves" is most frequently used to designate that portion of the 
electromagnetic radiation spectrum which lies between the frequencies of 300 MHz and 
300,000 MHz (300 GHz), corresponding to wavelengths in air of l mm and l m respec
tively. As the wavelength depends on the dielectric properties of the medium through 
which the wave propagates, it is much better to characterize MW and RF .radiations by 
their frequency, which does not change. It may be noted here that the wavelengths of 
radiations in this range are much smaller in biological media, than in air. 

The definition of microwaves quoted above is the most frequently used (8). 
However, microwave bands may be designated by letters or by metric wavelengths. In 
some American publications (10) microwaves may be designated as waves of frequencies 
between 10 MHz and 100 GHz. Various designations used for particular regions of 
the RF radiation spectrum are presented in Table 1. 
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Table 1. Radiofrequency and microwaves (from 9) 

Approximate 
wavelength 
in air m 

Frequency 
MHZ 

15.103 and more 0.02 and less 

104-;- 0.oJ 
I . 

3 · 103 
--:- 0.1 

1000 -i- 0.3 
800 --- 0.4 
100-1- 3 

30 -1- 10 
' 

10 - -- 30 
l.5 -- 200 

l ---
1 

10-1 -:-
10-3 I 

1.5 ·IO' 

10-J =1= 
i 

o.1s-10-, --l
. 0.3 -10- 3 --:-

1 

300 
3.000 
30,000 
200,000 
300,000 

400,000 
] ,000,000 

-------------- -------

Used in this work 

Very long 

! Long waves 

I . 
J Median waves 

I 

I 
!Short~~--
1 ______________ _ 

I Ultra short 
\ waves 

1 

Microwaves 

I Russian liter:::ttire 

NTch. niskie 
. tchastoty 
; rlow frequency) 

VTch, vysckie 
tchastoty 
high frequency 

DESTGNATIONS 

I Metric, used in 
US;,R, Poland, 
and Czechoslovakia 

Dckamyria and 
i myrfa:nc!cr \vavC""IIS 

i Kilometer waves , ______ _ 
I 
! 
i ! Hektometer waves 

English and Ameri
can literature 

\'LF, very low 
frequency 

Lf, low fr•~qucncy 

MF, median 
: frequency 

Loosely used 

AF, audio 
frcq·.1cncy 

; RF. n:dio 
! frcqucr:cy 
: Hertzian 
i \\·ave,; 

_______ ,-Dckamcter waves 
i 
i HF, high frequency 
! UV Tch, 

ultravysokie 
tchastoty ultrahigh 
frequency 

SVT<:h, svcrch 
wysckic tchastoty 
supcrhigh 
frequency 

' Meter v:aves 

------ i --------Decimeter waves 

: Centimeter waves 
! 

j UHF, ultra frequency: 

j SHF, super high ; Dcsign2~cd as 
j frcqucr.cy ! micro..,vaYcs. 

1--------- ---------1 rad:::r _ · ! ; cr:,ana t10ns. 
Millimeter waves 

I i UHF, or HF I EHF, extra high i 
! frequency --------- ----------1-------------,----------f------Intcrmediate and TK, infra TR i IR \ IR TR radiation k rasnye 

infrared 

-----'------------- - ·- -------------------
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Electromagnetic radiation consists in propagation through space of changes in 
electromagnetic fields, the reciprocal relationship may be expressed as follows: · 

1. Changes within the components of the electromagnetic field propagating through 
space constitute electromagnetic waves. · · · 

2. · The electromagnetic field occurs at a given time at the point in space (area) 
where the propagation wave actually passes. 

The electromagnetic field consists of interrelated electric and magnetic forces 
alternating electric and magnetic fields. The electric component is determined by the 
potential difference per unit length, and the magnetic component by the distribution of 
magnetic forces per unit length. Both components are vectors, i.e., characterized by 
a determined direction. 

The electric field strength or electric field intensity E is defined as the force 
per unit charge exerted upon a test charge placed at a point; it represents the value 
of. the vector of the electric field and is measured in volts per meter (V /m). The 
displacement of a positive test charge (proton) indicates the direction of the vector. 
Electric field force lines are indicated by the paths of charges. Similarly, the force 
exerted on a unit magnetic pole is the measure of the magnetic field intensity H in 
amperes per meter (A/m). The field force lines are determined by the orientation of a 
unit magnetic pole or by the direction taken by a unit current. 

Each change in the electric field is accompanied by a change in the magnetic 
field. The converse is also true. The propagation of such changes constitutes the 
electromagnetic wave, or, in other words, the electromagnetic wave consists of oscil
lations of the vectors E and H propagating through space i.e., of alternating electric 
and magnetic fields. The truth of these statements was demonstrated by Maxwell's 
equations. 

The vectors E and H are perpendicular. The radiated energy per unit area and unit 
time along the direction of propagation may be expressed as the complex Poynting's 
vector S. which is the product of E and H. The vector S is related to the time average 
power density of the time varying electromagnetic wave. The measurement of energy 
density flow per unit area (power density) in simple conditions permits the obtaining 
of a complete physical definition of the conditions of exposure if the properties of 
the medium, the direction of propagation, and wave polarization are known. The inci
dent field may be fully characterized and values of E and H computed. The measured 
power density may be expressed in watts per square meter (W /m2). However, smaller 
unit~ are in common use: microwatts per square centimeter ( µW /cm2) or milliwatts per 
square centimeter (mW /cm 2) . 

. A very important restriction must be kept in mind. Such a simple wave is formed 
only at a certain distance from the source. At smaller distances within the inductive 
field, E and H may be shifted in phase. The magnetic field is in phase with the 
current in the antenna and the electric field with the electric charges on it. An 
energy flow back and forth between these fields may occur. The electric and magnetic 
components do not show simple proportionality and should be measured separately. In 
view of this, a far-field zone and a near-field zone should be distinguished. More 
complicating phenomena may occur. Multipath interference, reactive near-field com
ponents, interaction between the source and nearby objects, complicated modulation of 
the field, polarization, and, in the case of irradiation of biological objects, 
subject-source coupling make the usual dosimetry of microwave exposure questionable in 
many instances. For a more detailed and far more sophisticated discussion of these 
problems, see the paper by Wacker and Bowman (10). Here it suffices to say that the 
universally accepted quantification of microwave exposure (measurement of incident 
radiation in relation to the observed bioeffects) by measurement of the mean power 
density is not valid for the near-field zone and is somewhat a simplification in many 
other instances. 
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The basic characteristics of electromagnetic waves may be summarized as follows 
(8): 

1. Time-varying currents are the source of electromagnetic waves. 

2. The electromagnetic wave may be represented as a vector field consisting of 
two components, the electric vector and magnetic vector. 

, 3. Propagation of fields from the source is radial in wave fashion; a change in 
the media of propagation affects this phenomena according to the dielectric constant, 
inductivity, and permeability of the medium. 

4. Partial transmission and partial reflection of the electro-magn_etic wave occur 
at the boundary of media with different electric properties. 

5. Electric field lines may begin and end on charges; if an electric field ends 
on a conductor, it must represent a charge induced on conductor. 

6. Magnetic field lines cannot end; as no magnetic charges are known physically, 
magnetic fields form continuous loops surrounding a conduction current or a changing 
electric field. 

7. Lines indicating the direction of propagation may be referred to as rays. 

Using the power density concept and considering MW and RF radiations as rays, one 
is apt to think in terms of geometrical optics. All the phenomena of diffraction, 
interference, reflection, dispersion, and absorption of microwaves in various media 
exist. Geometrical optics must be replaced, however, by physical optics, because 
microwaves are much longer than visible light rays and so much longer in relation to 
the irradiated objects. 

This sort of optics may be applied only in the far-field zone; in the near-field 
zone it may be inapplicable. Moreover, in certain instances such reasoning must be 
replaced by considerations based on electromagnetic field theory. For example, as 
presented by Wacker and. Bowman (10), a standing wave formed by two single plane waves 
of equal amplitude, same polarization, and opposite directions has an average-time zero 
power density, but the electric and magnetic energy densities may be quadruple those of 
the original waves at certain locations. In the near-field zone the average-time 
power density does not represent the electric and magnetic field intensities. 

When considering electromagnetic rays, the quantum theory should also be remem
bered. An elementary photon of the radiation has a quantum energy E depending on 
frequency. 

The magnitude of the quantum energies of electromagnetic radiations is expressed 
in electronvolts (eV). The quantum (photon) energy of radiation increases with fre
quency. In the MW and RF range the quantum energy of the photon is not sufficient to 
cause ionization in the irradiated living system. This important property must be 
considered to avoid misunderstandings concerning the mode and mechanisms of the primary 
interactions of radiation with living systems. 

It should also be pointed out that various modes for the generation and emission 
of MW and RF waves exist. 

The waves may be harmonic; i.e., the electric and magnetic field vectors oscillate 
according to the law of sines or cosines (sinusoidal waves). The waves may be modu
lated; i.e., the amplitude, phase, or frequency may be changed in an arbitrary manner. 
For example in pulse modulation, short electromagnetic pulses are sent out at certain 
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time intervals. The duration of the pulse (pulse length, pulse width) is usually on 
the order of milliseconds. Its reciprocal or pulse repetition rate is expressed in 
Hertz or cycles per second. 

The product of pulse length and repetition rate is referred to as the duty cycle. In the case of pulsed-wave generation, the power emitted increases rapidly, reaches a 
peak pulse power, and rapidly decreases. This may be averaged for pulse duration or 
per unit time, which introduces the concept of average power emitted. This value is 
used in practice for biomedical purposes. It should be realized that the peak pulse 
power is many times higher than the average power output. For example, the latter may 
be on the order of kilowatts, whereas peak power is on the order of megawatts. 

A detailed description of physical characteristics of MW and RF fields lies 
outside the scope of this report. The simplified above considerations were presented 

• to point out the difficulties and the many factors to be taken into account when an 
attempt is made to establish a dose-effect relationship between the incident fields and biological phenomena. 

Dosimetry 

Measurements of MW and RF fields are complex and necessitate specialized knowledge 
and equipment (1). Recent developments, particularly the construction of isotropic 
probes (12, 13) allow an accurate description of incident fields on the basis of 
measurements made in air in the absence of the biological object. Introduction of the 
object distorts the fields, and the exact description of incidents field becomes more 
difficult. In the case of a few objects, particularly moving ones, only an approxi
mation is possible.· Absorption characteristic- varies with frequency. The distribution 
of absorbed energy within a real living animal is nonuniform, complex and varies not 
only with the characteristic of the illuminated object and of the incident field, but 
also with the position of the object within the field. Measurements of the absorbed 
energy are possible, necessitating, however, special equipment and techniques. 
Practically such measurements can be made only in experimental situations (12, 15). 

A review of the existing data by a competent interdisciplinary group is needed to 
establish what quantities, units, and measuring methods should be used to· establish 
biologically meaningful precise MW and RF dosimetry. 

For practical purposes the most frequently used quantities are electric field 
strength (V /m), magnetic field strength (A/m), and power density (W /m2), which in dosimetric terms corresponds to energy flux density. The duration of exposure is 
usually taken into account. It should be stressed that average (per unit time) power 
density is used and no attention is being paid to the mode of generation of MW and RF 
radiations (amplitude or frequency modulated, continuous or pulsed). Recent data 
indicate that the magnitude of biologic response may vary according to the mode of 
generation of MW and RF radiations (16,17,18) . 

. In conclusion it should be re-emphasized that dosimetric concepts should be clari
fied and defined; a working group which would perform this task is urgently needed. 

Services 

As was pointed out, in the introduction, each piece of electrical or electronic 
equipment is a source of MW or RF radiations of varying intensity and various fre
quencies. Table 2 presents some of the more important sources. It should be added 
that more and more attention is being paid to extreme low frequency radiation bio-

. effects, because of the introduction of very high tension energy transmission lines and 
communication systems operating within this frequency range. 
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Biological Effects 

A very large body of publications on MW and RF bioeffects exists. From a radia
tion protection point of view it is important to distinguish between an effect. and a 
phenomenon, which constitutes a health hazard. Such an evaluation is an appropriate 
task for a large interdisciplinary group and in view of this a short review of prin-
cipal effects will be presented based to a large extent on a recent review by Czerski 
and Szmigielski (18). The information on bioeffects is derived from animal experimen
tation, model studies and epidemiological research on the health status of persons 
occupationally exposed to MW and RF radiations. The analysis of bioeffects requires 
the consideration of a chain of events: the primary interaction and physiological 
responses - immediate local or generalized effects as well as local and generalized 
late or delayed effects. 

The mechanisms of radiant energy absorption and direct interference with bio
physical, biochemical and bioelectrical mechanisms and phenomena in the living system, 
examined by biophysical methods and considered in terms of biophysics, may be defined 
as the primary interaction. 

All changes in function and structure (above the molecular level i.e. starting at 
the level of subcellular structures) resulting from the primary interaction detectable 
bY biomedical methods and considered in terms of biology may be termed biological 
effects. Because of the feed-back mechanisms, the early (immediate) bioeffects arising 
at the site of the primary interaction may induce further changes i.e. early secondary. 
(indirect) effects. In some instances a considerable time may elapse between the 
primary interaction and the appearance of detectable bioeffects. In such a case these 
may be termed delayed or late effects. 

It should be pointed out that frequent activation of adaptative mechanisms may 
lead to their exhaustion and to the classical sequence of events - stress, adaptation, 
fatigue. In view of that the effects of single and repeated exposures should be con
sidered separately, even if each exposure takes place under exactly the same condi
tions. In consequences tolerance levels should be established also separately for 
single, short-term or acute (AE), single prolonged or chronic (CE), and repeated 
exposures (RE). It should be noted that the current state of the biomedical knowledge 
does not allow to make· reliable predictions, particularly in the case of CE and RE; 
therefore, only empirically verified tolerance levels are acceptable. 

For many years the primary interaction of MW and RF radiation with living systems 
was considered almost exclusively in terms of the electro-magnetic field theory (20,21) 
leading to the conclusion that at least in the MW range only conversion of the absorbed 
energy into kinetic energy of molecules i.e. microwave thermal effects are possible. 
This led in turn to an increasing discrepancy between the empirical biomedical obser
vations and the theoretical explanations available (see 9,22,23). Interesting concepts 
concerning direct interference with bioelectric phenomena or the role of electro
magnetics fields in transmission of biological information (24) were advanced. These 
hypotheses need, however, further experimental verification. Only recently it was 
realized that quantum mechanical approaches (25,26,27) offer possibilities of 
explanation of MW primary interaction with living systems, molecular and inter
molecular level complex subcellular structures such as membranes being possible 
physical substrates for unexplained functional bioeffects. 

Much further work remains still to be done and Illinger's statement ( 11) that" .•. 
a complete predictive theory for the perturbation of bio-dynamical systems by microwave 
and millimeter wave EM radiation cannot be said to exist ..• " may usefully be recalled 
at this place. It should be added also that MW and radiofrequency radiations can be 
used as a tool in the exploration of biophysics of living systems. 
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For many years, however, the theoretical approach based on the predictions made 
from the field theory of primary interaction (energy absorption) was predominant 
enough among a large school of investigators, interested particularly in MW bioeffects. 
Thermal balance characteristics of animals exposed to MW were investigated in detail 
and the results were extrapolated to man to be used as a criterium for maximum per-· 
missible exposure. It should be stressed that the propagation and absorption of 
MW within the bioobject was approximated on the basis or planar, or at the best 
spherical, multilayered models and the blood circulation was considered as an efficient 
system for distribution of the generated heat uniformly throughout the body (20,21). 
In consequence thermal MW effects in animals were considered "volume heating," a 
point of view unacceptable at present. Guy and his associates (12,28) developed 
elegant thermographic models and demonstrated clearly that the absorption of MW 
energy and the resulting temperature increases lead to nonuniform deep body heating. 
In physiological terms this means that direct, and even more secondary, bioeffects 
depend on the internal distribution of the absorbed energy dose and local thermal 
stimulation of different organs. Local thermal stimulation of the brain and/or 
of the spinal cord (12, 29) affects many body functions and may be responsible for 
behavioral changes. As it was shown that at several MW frequencies energy absorption 
may . be "focused" around the center of the head (30,31) and thermal stimulation of 
the midbrain section and of the hypophysics is a practical possibility during whole 
body exposures at about 1 mW /cm2 incident power density of rabbits, cats, monkeys 
and men. 

Lethal levels of hyperthermia resulting from acute or prolonged whole body 
exposure are well established for many animal species. These data may be extrap
olated to safe levels for single exposures taking into account the internal distribution 
of the absorbed energy dose and possible physiologic consequences. The effects of 
repeated exposures depend on many factors: spacing in time, probably also time of 
the day, duration, adaptation and desadaptation (stress-fatigue) phenomena, etc. 
Delayed secondary effects are difficult to predict. Further research is needed, 
the present empirical data may serve only as rough guidelines. 

The catarctogenic effects of AE at 100-150 mW /cm2 incident power density are well 
established in experimental animals. Because of lack of blood vessels the cristalline 
lens of the eye is easily overheated, the capsular epithelial cells damaged and the 
proteins of the lens undergo denaturation. The lens becomes nontransparent with 
subsequent development of a subcapsular cataract and loss of vision. MW cataracts are 
characterized by a variable latency period of a few days up to two weeks between the 
termination of exposure and the appearance of changes in the lens (32). Most authors 
are inclined to relate MW cataracts to secondary effects of local temperature increase 
(see 9,23). Time - power thresholds for the induction of experimental MW cataracts, 
particularly in the case of repeated exposures are controversial. Extreme caution is 
needed in establishing "cataractogenic" levels. 

About 50 cases of MW occupational cataracts were described (33) but the causal 
relationship between MW exposure and the subsequent cataract is questioned (32). No 
less controversial is the problem of lenticular opacities among microwave workers and 
the causal relationship between MW exposure and incidence of opacities. More recent 
publications seem to indicate that workers observing safe exposure limits recommended 
in the USA (see 34) and the more conservative Polish or USSR rules (see 9,23,35) are 
not subject to eye hazards. Retinal lesions were also described in microwave workers 
(36) the possible mechanisms are obscure. 

Much attention was devoted to effects on· the nervous system and behavior. In 
experimental animals chronic and repeated exposures lead to disturbances in conditioned 
reflexes and to behavioral changes at incident power densities of 0.1 - 1 mW/cm2. 
Repeated exposures of a few hours duration continued for several months induce meta
bolic changes and disturbances in the bioelectric activity. These facts are well 
documented and reproducible papers concerning these effects number several hundreds 
(see 4,9,34,37). The mechanisms responsible are still unclear, part of the nervous 
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system bioeffects may be secondary to temperature increases. However, repeated 
exposure effects cannot be that easily explained. 

Still less clear is the mechanism of changed susceptibility after repeated 
exposures to drugs acting on the nervous system (38), particularly convulsant drugs 
(18,38). This phenomenon has practical implications in the cases where medication of 
MW workers is needed. On the other hand as the action of many drugs is understood in detail, the phenomenon may serve for the clarification of MW and RF bioeffects mecha-
nisms in the nervous system (39). It also should be stressed that simultaneous use of ·· 
alternating electric currents and drugs found an application in electro-anesthesia and 
electrosleep. These phenomena are obtainable at frequencies well below the MW range, 
but indicate strongly a frequency dependence of nervous system effects. This depen
dence was clearly demonstrated by experiments of Adey and his associates (see 
17,40,41). These authors obtained disturbances in bioelectric function of the brain by 
exposure to 147 MHz radiation, amplitude modulated at 9-16 Hz accompanied by calcium 
efflux from the brain. These effects cannot be obtained if the frequency of amplitude 
modulation is changed to below 9 Hz or to 20-35 Hz. Further research is needed, but it 
seems highly probable that these effects depend from a direct interaction of electro
magnetic fields with the cellular membrane. This hypothesis, pertaining specifically 
to nervous cell membranes, may be of a more general impact. Cells in tissue culture, 
in which ionic transport through the membrane was impaired by digitonin or the cell 
membrane structure was damaged by bacterial toxins (sphingomyeJinase or phospholipase 
C) are more susceptible to MW hyperthermia, than to equal hyperthermia obtained by 
placing in a hot chamber ( 42). 

Continuous or pulse modulated MW exposures at the same wavelength and mean power 
density affect differently iron metabolism hemoglobin synthesis and red cell production 
(43). Whole body exposure leads to stimulation of lymphocyte production in the number 
of mitoses in lymph nodes. Continuous or pulsed MW of the same power density (mean) 
and the same wavelength have different effects (44). Lymphocytes undergo stimulation 
and what is called blastoid transformation both in vitro (45) and in vivo (46) fol
lowing MW irradiation. The latter phenomenon possibly may be used in biological MW 
dosimetry (46). RF changes the immulogical reactivity of animals. It follows that 
easily demonstrable and easily quantified effects on the lymphocyte and the lymphocytic 
system exist. This may be used for developing convenient models for further studies on 
MW and RF bioeffects at the cellular level. 

The possibility that particularly hazardous frequencies and/or modulations exist 
can not be dismissed lightly. Moreover any effects in a system of such prime 
importance in the functional efficiency as the nervous system or the blood-forming 
system should be carefully investigated. 

Several authors reported genetic effects and effects on development. Chromosome 
aberrations induced by MW and RF exposures in cells in tissue culture (47) and in bone 
marrow cells in vivo, as well as mitotic aberrations were described by several authors 
(see 4,9). Genetic effects in Drosophila (47) were also reported. Changes in the 
development of chick embryos and mammalian fetuses also were obtained by MW exposure 
(4,9). Several observations may be interpreted as a secondary effect of MW-induced 
temperature increases. Because of the extreme practical importance the problem of 
possible genetic effects and effects on development should be thoroughly investigated, 
present data being insufficient. 

Epidemiological research on occupational MW and RF health hazards offers numerous 
difficulties. Perhaps the main difficulty is the complexity of the working environ
ment--noise, temperature and humidity variations, disturbances in the normal rhythm of 
sleep and waking periods, caused by working shifts, stresses caused by the need to 
concentrate end similar factors the health status of this group of workers. Another 
obstacle is the la~k of reliable methods of individual microwave dosimetry. Incident 
power density measured in air in absence of the worker gives only an approximation of 
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the real configuration of the field after moving an object i.e. the worker is introduced into it. In the case of moving human group and moving beams and/or antennas · the evaluation of the real exposure becomes doubtful. 

In view of the specific conditions of work the selection of adequate control groups is also very difficult. On the other hand analyses of the health status must allow for the age factor, which increases with duration of occupational exposure. 

In view of these difficulties it is impossible to present a review of the data published in various countries. Most of the papers are not comparable. A detailed review of USSR data can be found in references (4,22,23,35). Polish data were recently published in English (48,49,50). Additional information is contained in (9). The very scarce USA studies are discussed in (34). 

All available data agree in one respect. If safe exposure limits and safety rules existing in the USSR and Poland are observed, no detrimental health effects are expected during occupational exposure of healthy adults. The lack of well documented epidemiological studies leaves the question open in respect to the much higher safe exposure limits recommended in the USA. 

MW and RF Radiation Protection Standards 

Before a detailed discussion of particular radiation standards, it should be pointed out that an important part of the rationale for standards should be the definition of the population to be protected. Occupational health standards are aimed at protecting healthly adults, their rationale is therefore usually based on consideration of the reaction of the human adult organism to environmental factors. In some occupational situations, sex differences may be taken into account and special provisions may be made for the protection of the health of women employees. These provisions may include special considerations concerning the protection of pregnant women, because of teratogenic effects of certain industrial environmental factors. Public health standards must be based on broader considerations, including effects on heredity and development (pregnancy, effects on infants and small children), protection of the population in the pre-reproductive and reproductive period and possible effects on the course of various diseases, as well as limi~ations in adaptation to environmental conditions and responses to any kind of stress in old age. As many of these considerations involve insufficiently explored interactions, public health standards must involve large safety factors. 

A legal distinction exists between personnel exposure and equipment performance standards. If the latter are based on safe operation considerations, they are ob
viously derived from safe exposure levels. In other words, the only way to compare personnel equivalent maximum permissible exposure levels during operation of the product on the basis of the leakage radiation levels, is permitted under the equipment performance standard. 

Broadly speaking the various existing radiation protection guides (RPG) may be divided into three groups according to the adopted maximum permissible exposure (MPE) limits. 

The first group comprises standards and recommendations in which MW exposure of the order of microwatts/cm2 ·in considered safe. The second group considers exposures of the order of hundreds of microwatts/cm2 permissible, and the third group allows exposures of tens of milliwatts. This classification does not correspond to any classification of RPG or MPE on a national or regional geographical basis, as will be shown below. 

The first group is represented by the USSR human exposure standard (51) and the USA performance standard for microwave ovens (52). 
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The USSR standard· (52) states that the intensity of MW radiation (300 MHz -300,000 
MHz) at "working stands" should not exceed: during the whole working day - 10 
microwatt/cm2, for exposures not longer than 2 h per working day - 100 microwatt/cm2 
and for exposures not longer than 15-20 min per working day - 1000 microwatt/cm2 (1 
mW /cm 2), provided that the intensity of irradiation (exposure) does not exceed 10 
microwatt/cm2 during the whole remaining time of the working day. 

This part of the standard is an occupational health safety standard. The next 
point of the same standard (52) constitutes a public health safety standard stating: 

"in the microwave range the intensity of radiation should not exceed l 
microwatt/cm2 for places where human occupancy occurs and for persons not 
occupationally (i.e., only incidentally) exposed." 

It should be added that MW radiation is termed radiation in the superhigh frequency 
range (SVC) in Russian. The same standard contains sections on measuring equipment 
and techniques, as well as on technical means and measures for controlling radiation 
intensity. In view of that it should be considered a complete standard and radiation 
protection guide. 

The above quoted standard replaced an earlier, temporary one (53) established in 
1959. The MPE values for MW exposure do not differ in the 1959 and 1972 standards. The 
main principle adopted in establishing SEL according to Gordon (22) is to avoid risks 
of long-term (many years) occupational exposure. Gordon (22) states that continuous 
clinical observations of MW workers exposed for many years (6-8) to power densities of 
the order of "tenths of a milliwatt/cm211 (hundreds of microwatts) demonstrated that 
functional disturbances may appear. The description of these disturbances in another 
part of the same book (22) shows that the main symptoms consist in a "neurovegetative 
asthenic syndrome." Experimental investigations demonstrated that morphological 
(structural) and functional changes may be induced by long-term exposures of animals to 
power densities of l mW /cm 2. These changes consist in a "hypotensive effect" and 
alterations in the nervous system. Gordon and her team worked exclusively with small 

. laboratory animals - mice and rats. It should be added that USSR data on clinical 
manifestations of long-term MW exposure and experimental data (22, 23, 35) demonstrate 
clearly a wide range of biological effects of intermittent long-term exposure. These 
effects vary according' to the quration of exposure, intervals between exposures and 
frequency of MW. In short the USSR occupational and public health safety standard 
adopted the principle of complete prevention of health risks and introduced a safety 
factor of least ten and in some instances of l 00 or even of 1000 (public health MPE). 

The U.S. microwave oven standard (51) limits permissible emission levels at a 
distance of 5 cm to 1 mW /cm2 at the time of manufacture and to 5 mW /cm2 for the life of 
the product. Home use of microwave ovens allows potential exposure of the general 
population under uncontrolled conditions including pregnant women and children. 
Because of that this standard, in contradistinction to those discussed previously, must 
be considered as a public health protection standard necessitating adequate safety 
coefficients. Computation of human exposure during typical operation of a microwave 
oven shows that exposure is limited to 5-20 are microwatts/cm2 (54). In view of that 
this standard belongs to the first group. Figure 3 (from (54)) illustrates incident 
power densities from MW oven leakage. 

The second group of standards may be illustrated by Czechoslovakian human exposure 
standard (55), Polish regulations on MW exposure, (56) and the USA Bell Telephone 
recommendations (57) on MW exposure. Each 9f these standards adopted different prin
ciples for determining permissible exposure levels, but MPE values lie ih the same 
range. 
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The Czechoslovakian MPE are discussed in detail by. Marha and coll. (.58). 
According to this source "biological knowledge" was taken into account in establishing 
the permissible exposure levels and a safety factor of 10 introduced, -10 microwatts/cm2 
are accepted as safe for long-term exposures to pulsed waves (P. W .). For the "demon
strably less risky" continuous wave (C. W .) generation, 25 microwatts/cm2 were accepted. 
These rules were adopted first in 1965 and modernized in 1970 (60). A time-weighted 
average was introduced, MPE for occupational and public exposures was determined. 

Guide values based on multiples of energy flow per unit area and time (8 hour 
working day for occupational exposure and 24 hours for the general population) were 
introduced. For occupational exposure MPE cannot exceed 200 (guide number) for C.W. 

microwaves i.e., 0.025 mW/cm2 and for P.W. -80 i.e., 0.010 mW/cm2 average density 
during an 8 hour working day. The guide numbers for the general population for the 24 
hour period are 60 for C.W. and 24 for P.W. irradiation, which corresponds to ten times 
lower average exposure limits of 0,0025 mW /cm2 and 0.001 mW /cm 2, The permissible 
exposure levels are calculated according to the formula: 

guide number (GN) is equal to or more than exposure level (N in microwatts per sq. 
cm) multiplied by time (t) in hours i.e. 

GN N · t 

According to this formula a C.W. exposure to 1.6 mW /cm2 or P.W. to 0.64 mW /cm2 
during l hour per working day is permissible, which is distinctly higher than the 
values accepted in the Soviet Union. One wonders what are the values admitted for 1 or 
2 minute periods. No answer could be found in the available published materials. 
Details of measuring methods and equipment are given by Marha and coll (.58). Continuous 
generation is defined as operation with the ratio of on to off time greater than 0.1. 
The maximum peak power is limited for human occupational exposure to l kW /cm 2. The 
overall impression is that the values accepted in Czechoslovakia may be compared for 
short periods (2 or l O min) of exposure to the American USASI or ACGIH recommendations. 
The value 1 kW /cm2 may pertain, and probably does so, to peak pulse power, although the 
wording is simple: "the power density level should not exceed in any moment l kW /cm 2. 11 

In Poland the same safe exposure limits as those in the USSR were initially 
accepted in 1961 (59). In 1963 additional comments on interpretation were introduced 
(60). These comments introduced the notion of effective irradiation time defined by 
the following expression: 

tef = Oef tp 
36lr"" 

where tef - effective irradiation time 

tp - time of emission of microwaves 

0 - effective beam width in degrees 

i.e., beam width at the level, where the power density decreases to one half of initial 
value (far field zone), special formulas being prescribed for the near field zone 
(calculated beam width). These interpretative comments served for the determination of 
safe exposure limits to microwaves generated by equipment with a moving beam or antenna 
(intermittent exposure). In view of the difficulties of solving all the doubts arising 
out of practical situations new MPE were proposed. These were based on detailed 
discussion of USSR, Czechoslovakian and American findings, radiation protection guides, 
standards and rules as well as on analysis of the health status of personnel profes
sionally exposed to microwaves (statistical epidemiological analysis) as compared to 
actual exposure (61). This new proposal was accepted and introduced by laws passed by 
the Council of Ministers (56) and the Minister .of Health and Social Welfare (62). A 
distinction between occupational and incidental (general population) exposure was made. 
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For the latter the Soviet Union values were accepted 10 and 100 mi~rowatts/cm2 for 
continuous (stationary field) and intermittent (non-stationary field) ex_posure 
respectively. These values, corresponding to 0.1 W /cm2 and 1 W /cm2 in the SI sy~tem, 
were accepted as the upper liinits of ·a safe zone, where habitation or any_ other hurr1an 
exposure is unrestricted. · · · · · · · 

According to the power density in a given area the concept of 4 zones was introduced. 
For stationary fields these were defined as follows: · 

1. safe zone - the mean power density cannot exceed 0.1 W/m2, human exposure is 
unrestricted; 

2. intermediate zone - minimal value 0.1 W /m2 upper limit 2 W /m2 occupational 
exposure is allowed during a whole working day (in principle 8 hours may be extended to 
10 hours for on duty personnel); 

3. hazardous zone - minimal value 2 W /m2, upper limit 100 W /m2 occupational 
exposure time per 24 hours is determined by the formula: 

where t = permissible exposure time 
p = mean power density in W /m2; 

t = 32 
"i7 

4. dangerous zone - mean power density in excess of 100 W /m2 (10 mW /cm2), human 
exposure is forbidden. 

For exposures to non-stationary fields i.e., intermittent exposure following 
values were adopted: 

1. safe zone - mean power density does not exceed 1 W /m2 (0.1 mW /cm2); 

2. intermediate zone - minimal value 1 W /m2, upper limit 10 W /m2, occupational 
exposure is allowed during a whole working day, as above; 

3. hazardous zone - minimal value 10 W /m2, upper limit 100 W /m2, the professional 
exposure time per 24 hours is determined by the formula: 

T = 800 
7 

where the symbols t and p designate the same values as above; 

4. dangerous zone - mean power density in excess of 100 W /m 2 (10 mW /cm 2), human 
exposure is forbidden. 

The quoted law fixes the responsibilities for the health surveillance, supervision 
of working conditions, the manner of carrying out the measurements (in principle each 
3 years or after changes in equipment or its displacement). The main responsibility 
for decisions on admissibility of working conditions rests with the Public Health 
Service - what is called Sanitary-Epidemiological Stations. The necessity for further 
research and changes in rules is stressed. Newly designed equipment must be evaluated 
by the Ministry of Health and Social Welfare, before its production and/or installation 
is allowed. Instal.iation of microwave equipment requires a permission from the 
Sanitary-Epidemiological Station of the province. 
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The . actual Polish regulation (56) requires that any candidate for work necessi-: 
tating exposure to microwaves must undergo medical examinations and obtain a medical 
certificate of fitness. The same requirement is made in respect to candidates for 
schooling .in professions, which will necessitate future exposures to microwaves. 
Periodic (once a year) medical examinations of microwave workers are compulsory • 

. These provisions ensure that the population of microwave. workers consists only of 
healthy adults and makes the distinction between occupational and public health safety 
a practical and real one. 

· It should be stressed that USSR, Czechoslovakian and Polish rules have the fol
lowing common advantages: 

- MPE are determined separately for occupational and public (general population) 
exposures, medical examinations of MW workers ensure that the occupationally exposed 
population consists of healthy adults only; 

- unified and prescribed by law methods of measurements, measuring equipment and 
evaluation of results for hygienic purposes; 

- unified methods of medical examinations and evaluation of results obtained; 

- determination who, where and when is responsible for safeguarding the reali-
zation of the particular rules and laws. 

The original USA Bell Telephone recommendations on MW exposure safety as presented 
by Weiss and Mumford in 1961 (57) are somewhat similar as the actual Polish regulations 
(56), although far less detailed; 

- power levels in excess of l 0 mW /cm 2 are potentially hazardous and personnel must 
be not permitted to enter areas, where major parts of the body may be exposed to such 
levels, 

- power levels between l and 10 mW /cm 2 are to be considered safe only for inci
dental, occasional or casual exposure, but are not permissible for extended exposure, 

- power levels below i mW /cm2 are safe for indefinitely prolonged exposure. 

These recommendations were based initially on results of animal experimentation
cataractogenic power density 100 mW/cm2, lethal effects at 50 mW/cm2. The value of 1 
mW /cm2 is, however, based also on considerations of thermal (temperature) effects. 

The third group of standards may be illustrated by U.S. Army regulations (quoted 
according to 63), the American National Standards Institute standard (64) and recom
mendations of the American Conference of Governmental Industrial Hygienists -ACGIH 
(65). 

The U.S. Army Standard is obviously intended as an occupational safety RPG. 
Unlimited exposure below 10 mW /cm 2 is allowed, exposure at power densities higher than 
100 mW/cm2 is considered dangerous. Within the range 10-100 mW/cm2 exposure for a 
limited time is allowed, according to the formula: 

t = 6000 
7 

where t = exposure time 
W = mean power density in mW /cm 2. 
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Additionally it is recommended, whenever. possible to mm1m1ze t~e exposure level 
around and inside military installations. Additional recommendations are 0.0 l W /cm2 
(10 mW /cm 2) power density in the radiofrequency range should be considered hazardous, 
appropriate warning signs must be placed in zones, where such power densities occur. 
Intended human exposure at power densities over 0.01 W/cm2 should be as a rule avoided, 
exposure to power densities of 0.01 to 0.1 W /cm2 are allowed with due precautions. 
Attention is drawn to incidental ionizing radiation hazards in the vicinity of 
equipment operating at voltages over 18 kV. 

The recommendations drawn up by the C-95. l Committee of the National Institute of 
Standards (US ASI-C. 95.1) do not determine the upper limit of permissible exposure 
(64). This limit is indirectly defined by the recommendation: 

In normal environmental conditions the density of electromagnetic energy flux ·at 
frequencies between l 0 MHz to l 00 GHz should be l Om W /cm 2 on the mean, as averaged over 
any 0.1 hr (6 min) period. This means that power density of 10 mW /cm2 for a 0.1 hr 
period and 1 mW hr/cm2 over any 0.1 hr are considered as a safe exposure level. No 
distinction between P.W. or C.W. exposure is made. 

From the practical point of view U.S. Army and US ASI recommendation do not differ 
significantly. As exposures below 2 min are difficult to control in practice, the 
practical Army limit is 55 mW /cm 2. US ASI recommendations allow l min exposure at 60 
mW/cm2. It should be noted, however, that the exposure must be averaged over 0.1 hr 
periods. 60 mW /cm2 during l hr would be allowed, according to US ASI recommendations 
for 6 min during l hr. US Army recommendations allow only a single 2 min exposure at 
55 mW/cm2 during l hr. On the other hand US ASI recommendations allow a 6 min expo
sure at 10 mW /cmZ, while the U.S. Army accepts 32 mW /cm2 for this period. 

The data may be compared with by the recommendations of the American Conference of 
Governmental Industrial Hygienists (65), for the frequencies of l 00 MHz to l 00 GHz: 

The Threshold Limit value for occupational microwave exposure where power den
sities are known and exposure time controlled is as follows: 

1) For average power density levels up to but not exceeding 10 mW /cm2 total expo
sure time shall be limited to the 8-hour work day (continuous exposure). 

2) For average power density levels from 10 mW /cm2 up but not exceeding 25 mW /cm2 
total exposure time shall be limited to not more than 10 min for any 60 min period 
during an 8-hour work day (intermittent exposure). 

3) For average power density levels in excess of 25 mW /cm2 exposure is not 
permissible (ceiling value). 

All the above recommendations are more or less based on human thermal balance 
characteristics arising out the Schwan and Piersol basic papers (bio-physical consider
ations - 66 and physiological considerations - 67), reaffirmed many times by Schwan, 
recently in 1973 (in 4). These views may be presented, probably without gross 
distortion as follows: 

1. The principal bioeffect of microwaves consists in temperature increases in the 
irradiated object (thermal effect); 2. heat balance characteristics of man allow 
infinite exposure at 10 mW /cm·2, higher values may be accepted for short term exposures; 
3. cataract or lenticular opacity formation cannot be expected at power densities 
below 100 mW /cm 2, repeated exposures at 80 mW /cm2; 4. biophysical considerations 
permit to exclusion of a possibility of microwave interaction with nerve cells; 5. no 
sufficient evidence concerning the possibility of induction of untoward effects of 
microwave irradiation in man at power densities below 10 mW /cm2 was presented. 
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P0inr I is with certain restriction true for single (acute) exposure as concerns 
immediate early effects. Effects of long-term intermittent exposure (4,9,19) seem not 
to depend on thermal (temperature increase) mechanisms. The point 2 contains several 
misunderstandings. Basal metabolism of a standard man in normal conditions was taken 
as a basis for computation. Even moderate work and/or changes in the humidity or 
temperature of the environment change the result by one order of magnitude (see g for 
a detailed discussion). Only volume heating of the body of the irradiated standard man 
was considered. Effects of unequal deep body heating, adaptation mechanisms, stress 
effects, particularly effects of repeated stress on thermoregulatory mechanism were 
disregarded. Point 3 may be accepted for acute cataracts in rabbits. Point 4 was 
reaffirmed by Schwan contrary to the empirical observations available (22, 23, 24, 40, 
41) and has been challenged by alternate biophysical approaches (27). Point 5 is also 
contrary to available data. The point was discussed and data summarized at the 
International Symposium on Biologic Effects and Health Hazards of Microwave Radiation, 

Warsaw, Poland (4). A consensus of participants was that effects from exposure below 10 
mW /cm 2 have been demonstrated. In view of the above, it may be concluded that the 
theoretical basis for MPE adopted in RPG belonging to the 3rd group cannot be accepted 
in the present state of knowledge. Still, the fact remains that large populations are 
exposed to MW radiation at levels considered "safe" by MPE of the third group and no 
immediate drastic effects (hazards) are noted. Such an empirical fact cannot be 
discounted. It may be assumed that drastic health damage would be noted. Carefully 
controlled epidemiological studies are needed to determine the extent of risks involved 
in · exposures at such levels. Such studies, particularly as concerns nervous system 
effects are lacking. It should be stressed that experimental data indicate that 
effects on heredity, growth and development should be carefully examined. 

7. RF radiation standards. If the MW range is defined as 300 GHz to 300 MHz and 
lower frequencies defined as RF radiation, it should be concluded that the US MPE 
covering the range 100 GHz to 10 MHz cover also a part of the RF range. Standards 
intended specifically for RF radiation, as defined by international agreements, were 
introduced only in the USSR (52) and Czechoslovakia (55) and proposed in Poland (68). 

The USSR standard (2) determines the following MPE: 

a) for electric field strengths 
in the range 100 KHz - 30 MHz - 20 V/m 
in the range 30 MHZ - 300 MHz - 5 V/m 

b) for magnetic field strengths 
in the range 100 KHz - 1.5 MHz - 5 V/m. 

The Czechoslovakian standard (55) uses similarly as in the case of MW guide 
numbers. In the range of 30 KHz to 30 MHz the guide number for the general public is 
120 and the electric field and permissible exposure time are calculated from the formula 

E · tin hours= 120 

This means that for 24 h exposure 2.5 V/m are considered safe. In the range 30 
MHz to 300 MHz the guide number is 24, what means that 1 V/m is considered safe for a 
24 h exposure. Occupational exposure guide numbers are: for the range 40 KHz to 30 MHz 
- 400 and for the range 30 MHz to 300 MHz - 80, what means for an 8 h working day 50 
V/m and 10 V/m respectively. 

The Polish proposal uses the same concept of 4 zones - safe, intermediate, hazar
dous, and dangerous and is presented graphically at the end of this report. MPE are of 
the same order of magnitude as the USSR and Czechoslovakian ones. 

RF radiation standards aim at prevention of health risks; however they are based 
on less biological data than MW standards. Further research seems to be necessary. 
It should be stressed that an unexplored area, needing urgently research, constitute 
biological effects of extreme low frequency radiation (69). 
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Final Comments 

It is interesting to ·note that the existing USA, USSR, and Polish public health MW 
protection standards are of ·the same order of magnitude ·setting MPE at a few microwatts/cm. Occupational health safety standards show discrepancies, but all attach 
.special significance to the value .of 1 mW /cm2, considering exposure at this level as safe or at least admissible. 

Many .objections may ·be raised concerning all the above quoted standards. In the 
present author's opinion, the principal objection is that the MW and radiofrequency 
spectrum are divided into particular frequency ranges on the basis of technical and not 
biological considerations. The limits of the MW frequency range between 300 MHz and 300 GHz defined in the USSR and Polish standards follow the international arbitrary 
division of the electromagnetic frequency spectrum proposed by engineers. It is 
_difficult to explain in the light of the available knowledge on biologic effects of MW and RF radiation the 10 MHz and 100 GHz limits adopted in USA recommendations. 
Frequency and/or modulation dependence of biological effects should be investigated. 
More objections and questions may be raised, as for example: effects of continuous vs. 
pulsed wave exposure (peak power, pulse width and repetition rate); continuous vs. 
intermittent exposure (duration and .spacing between exposures); complex modulation 
effects; -effects of combined exposures to various .electromagnetic radiation frequencies 
and combined exposures to microwaves .and other environmental factors, etc. MW effects 
on development and heredity are insufficiently known. An international and inter
disciplinary effort is urgently needed to'.solve all these questions. 
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Table 3. Selected examples of maximum permissible exposure standards, 
demonstrating the differences in MPE and frequency ranges 

I 

FREQUENCY RM:r.E 

U.S.A. 10 m~tcm' IU MIIZ • IU0 ijHz uccupat1ona1 
0.0.L.) 

u.s.s.R. 10.w/cm2.1oh/day 
100uW/cm2 •• 2h/day 300 MHz• "300 GHz Occupational 

1 ooo.wtcm2. -20mi n/day 

1 1.W/cm2 " Pub 1 ic Hea 1th 

5 V/m 30 MHz • 300 Milz Occupational 
20 V/m 0. 1 Milz • 30 Milz 
5 A/m 0.1 MHz· 1.5 MHz 

Tche~os lovakia 
25.)l/cm2 (slr.,plified) Occupational - continuous wave 
10,W/cm2 Occupational • pulsed wave 

2.SaW/c,,2 300 MHz • 300 GHz Public Health· C.W. 
1"W/cm2 Public Health• P.W. 

(higher exposures permissible for 
short periods) 

10 V/m 30 MHz • 300 MHz OccJoational 
1 V/m PuDlic llealth 

Tchekoslovakia 50 V/m 0.3 MHz • 30 MHz Occupational 
2. 5 V/m not defined Puhl ic Health 

Poland 
0,2 m~/cm~• 10 mll/cm~ (sim~l!fied) Occupational, varying according to 

1 mW/cm -10 m~/cm 300 MHz • 300 GHz duration of exposure and mode of 
tllum;nJliun 

10vW/cm2-100uW/cm2 Public health, varying according to 
mode of illumination 

Poland 
(proposed) 20 • 100 V/m 0.1 MHz· 10 Milz Occupational, varying with time 

10 • 250 A/m of exposure 

7 V/m O.lMHz-lOMHz Public Health 
2 A/m 

20 • 300 V/m 10 MHz • 300 MHz Occupational, varying with time of 
ex;,osure 

7 V/m 10 MHz • 300 MHz Public Health 

Table 4. Medical examination 

LEGAL ASPECTS 

Mandatory for candidates for work 
or schooling in a profession 
involving MW exposure 

Yearly check-up mandatory 

SCOPE AIMS 

!!!.!IJ~L_ INITIAL 

General Medical, Blood, To Exclude Contraindications 
URINALYSIS, Chest X-rays, for MW Exposure 
Ophthalmologic (Slit-Lamp}, 
Neuro 1 oqi c 
Desirabie: ECG, EEG for Future 

Reference 
Others, if needed 

~ECIAL 

On request . of: 
The interested party, 
The medical or techn i ca 1 
Officer responsible for 
Work anq er Ilea 1th SJ fety 

Detailed as above each 3-yrs. As above and detection of 
General Medical Blood early signs of MW overexposure 
Urinalysis, yearly 
ECr., FfG (Li~ht fvokrd Response) 
if needed 

According to indication 
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Assessment of Hea 1th Status 
and its Relationship to M\; 
Exposure in cases of: 

Accidents 
Suspected overexposure 
Unc 1 ear disorders 

(couplaints, symptoms) 



TIME HRS 
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0.1 
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- .6. 320 
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Figure 2. U.S.A. safe. limits. 
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Figure 4. Polish· safe limit 0.3 - 300 GHz. 
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Figure 5. Polish project safe limits 10 - 300 MHz. 
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REVIEW OF ULTRA VIOLET CRITERIA AND ST AND ARDS 

Ultraviolet radiation will, in the electrpmagnetic spectrum, lie between the 
softest ionizing radiations on one side and visible light on the other. The wavelength 
range is, according to this definition, not very precise but accepted to be between 100 
and 380 nm. 

Of these limits the lower one of 100 nm corresponds to 12.3 eV which is the limit 
for the production of ionization, and 380 nm is the lowest visible wavelength. 

Physical differences and the resultant differences in biological effects have 
resulted in a splitting up of the UV region. One hundred to 190 nm is the region of 
vacuum UV light. This radiation is absorbed by air to such an extent that no bio
logical effects can be realized. The rest is then divided into the far UV region 
between 190 nm and 300 nm and the near UV region between 300 and 380 nm. A somewhat 
different division that takes some of the biological effects into account is into UV
A 400-320 nm (the black light region). It is in this region that UV will induce 
fluorescence. UV-B 320-280 nm (the erythemal region). It is in this spectral region 
that most of the biologically active and potentially noxious UV radiation from the sun 
will reach the surface of the earth and UV-C < 280 nm (the germicidal region) . 

. Production of Ultraviolet Radiation 

When atoms at a color temperature of 2500° K or higher make transition from one 
state to another they may emit photons with energies inside the ultraviolet range. 

Most of the sources for manmade UV radiation can be grouped into three catagories: 
(A) the electric arc, (B) heated substances, and (C) lasers. 

A. Most common is the electric arc whether surrounded by air or by special gases. 
The arcs may be free or surrounded by glass or quartz that permit the transition of UV 
light. In the enclosed arcs the vapor pressure may be up to 100 atm. If the pressure 
is low the spectrum will usually be of a line or band type. With increasing pressure 
the emission lines will broaden and a more or less continuous spectrum will appear to
gether with an increasing brightness of the background. In high-pressure lamps the 
line characteristic will therefore disappear and a fairly continuous spectrum may be 
present. 

B. Solid substances heated to above 2500°K may emit UV light. 

C. Finally we have UV emission from a number of different lasers reaching in 
wavelength down below the UV region into the ionizing radiation. 

Natural UV Radiation 

The most important source is the sun, probably due to the high temperature at the 
surface. To give an appropriate description of UV radiation from the sun it must be 
remembered that the quantities reaching the atmosphere of the earth would probably be 
lethal to most living organisms. The earth is, however, shielded first of all by the 
ozone layer in the upper atmosphere. Should the ozone layer decrease due to manmade 
interference, it is expected that the photoeffects from UV would increase two- to ten
fold depending on the assumptions of the critical UV-band (30). 
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Transmission and Absorption of UV Light in Biological Tissue 

It is generally accepted that the absorption of UV. light takes place in the 
organic substances. The inorganic components of tissue do not absorb at wavelength 
above 200 nm. There is some absorption in low molecular organic _substances of which 
urocanic acid, a deaminated product· of histidine, should be mentioned as a p9ssibl~ 
absorbant between 260 and 270 nm (32). The absorbed energy may give rise to photo-. 
chemical reactions of which the production of Vitamin D was recognized early. 

Much of the absorption takes place in the macromolecules. In proteins the 
aromatic amino acids will be of importance and in nucleic acids the absorption will 
take place in the purins and pyrimidines. 

The absorption in the superficial layers of the skin is due to scleroproteins, and 
proteins will participate in the absorption also in the basal. layers. Nucleic acids 
are only present in the basal and the malphigian layers and will absorb here. The 
melanin granules play an important role in the penetration of UV rays into the skin. 
They are concentrated as a lid above the nuclei and protect them in this way partly by 
absorption of UV light, partly by scattering the radiation although this probably is of 
greatest significance at higher wavelength. Furthermore there is evidence suggesting 
that melanin also may act as a free radical scavenger (13, 30). 

The depth of penetration of UV light into the human body will be very restricted. 
It reaches somewhat deeper at longer wavelength and some penetration -can take place 
into the layer below the epidermis at wavelength above 300 nm in nonpigmented subjects. 
The decrease in transmission of the skin from visible to 300 nm is fairly linear 
indicating the lack of specific absorption at these wavelengths (17). 

Concerning the eye, the same considerations take place. In most cases the cornea 
will be able to absorb the incident light completely. The lens and the tis.sues in the 
anterior part of the eye may, however, be exposed to UV light if irradiated at a wave
length above 300 nm. The absorbant in the lens is not definitely ,known but the 
presence of a small amount of brown pigment has been noted. 

Photochemical Effects of UV Radiation 

The absorption of UV light in a macromolecule is dependent on the absorption of 
the constituent parts and will accordingly differ with the wavelength. The absorption 
spectrum describes this relationship (26). 

The action spectrum gives the relative response of a system to irradiation at 
different wavelength. In the case of simple systems this may be the same as the 
absorption spectrum. This is only partly true in more complicated biological systems 
and the spectrum may only be reproducible under conditions identical to the ones under 
which it was obtained. Disregard of this condition has complicated the determination 
of the erythema spectrum unnecessarily. 

The action spectrum is usually obtained in order to identify the chromophore of 
the system under study. For this determination certain assumptions have to be made. 
One is that the quantum yield is the same in the simpfe as in the complex system at all 
wavelengths, another is that the absorption spectrum is unchanged in the biological 
system and that there is no absorption or scattering in the light path (23). 

In general, there is an acceptable agreement between the action spectrum of the 
biological effect and the absorption spectrum of the reacting components of the macro
molecules involved, below 300 to 320 nm. 
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Tyrosine and other aromatic amino acids in the protein have a maximum of absorp
tion at 290 nm, while the peak of absorption for pyrimidines in nucleic acids lies at 
265 nm. 

The effects of irradiation in the near UV light above 300 nm, where the solar UV 
is active, show no obvious maxima ot minima. The dose of UV necessary for cell killing 
at these wavelengths is more than l 000 times greater than around 260 nm. For these 
reasons, effects directly on protein and nucleic acids have been in doubt, but recent 
experiments have demonstrated the presence of pyrimidine dimers after irradiation also 
at these wavelengths, showing that nucleic acids are involved. 

The biological systems in vivo may, however, be more complicated. When proteins 
are bound to DNA they may absorb UV energy by absorption in tyrosine and tryptophan and 
then transfer the energy to DNA resulting in dimer formation. After absorption, a 
number of photochemical reactions will occur of which only those taking place in the 
nucleic acids shall be dealt with. The number of possible photoproducts is large and 
of these the following ones should be mentioned. DNA breaks and DNA cross links are 
produced in vitro. Hydrates of cytosine and uracil may be produced but have not been 
shown to produce biological effects after direct absorption of UV energy. Of greatest 
interest is the photoproduction of dimers of thymidine and other pyrimidines originally 
detected by UV irradiation of frozen thymine by Beukers, Ylska and Berends (1). Later 
the production of other pyrimidine dimers has been recognized (37). 

The significance of these lesions became apparent when Wacker, Dellwey and 
Jacherts 1962 (42) discovered that the dimers were present in irradiated bacteria. At 
the same time it was realized that this defect in DNA could be repaired immediately. 

The Repair of UV Damage 

By now a number of repair mechanisms have been detected. 

A. The simplest one is the photorepair system which requires a second irradiation 
at a shorter UV wavelength, in general corresponding to the absorption maximum of the 
newly produced photo products. They will then be transferred back to the preirradi
ation state. This is not a biologically important effect apart from the influence it 
may have on the action 'spectrum at low wavelength where a balance between dimer 
production and recovery will be established (37). 

B. Enzymatic photoreactivation is the result of irradiation with longer wave-
length. The irradiation will induce an enzymatic splitting of dimers and will thus 
reinstall a normal DNA configuration. This set of enzymes is, however, lacking in 
placental animals and is therefore of no interest when dealing with human UV exposure. 

C. In man, the third repair system--the dark repair, is the important one. This 
system contains at least 4 enzymes and acts by excision of thymine and other dimers. It 
is apparently always able to function. It is part of this system that is deficient in 
xeroderma pigmentosum. The biochemical mechanism is by now reasonably well understood. 
The biological effects are easily recognized by autoradiography where a diffuse marking 
of relatively low intensity over all the irradiated cell nuclei is present practically 
immediately after the irradiation as a sign of nonsemiconservative DNA synthesis. This 
type of marking disappears gradually during 24 hours. The repair system is limited in 
its efficiency. In HeLa cells the initial rate of repair is linear with doses up to 
150· erg/mm2. Above 300 erg/mm no further increase of thymidine incorporation is 
evident (9). Some of the dimers will be present after the end of the repair period. 
Mechanisms for the repair of the corresponding DNA during DNA synthesis has been 
sugested but definite experimental evidence is not present. Under all circumstances 
this type of repair is more error prone than the ones mentioned above. 
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Biological Effects on Man 

The effects of UV light on man will be ,_restricted on skin and eyes and recently, 
under si.cial circumstances, also to the oral cavity. 

Skin: In the skin four types of immediate changes occur: (I) darkening of pig
ment, (2) the production of erythema (sunburn), (3) the upward migration and production 
0£ melanin granules (suntanning), and (4) changes in cell growth. 

1. The darkening of pigment already present takes place immediately after the 
irradiation. It is prooabTyanoxidation of existing pre-melanin granules as it is 
suppressed when oxygen is lacking. The wavelength optimum is around 300 nm. It is 
possible that this is a visible effect of the free radical scavenger action of melanin. 
Recent evidence has shown that the presence of the pigment darkening is followed by an 
increased sensitivity towards the acute erythema induced at the same wavelength (41). 

2. Erythema. The vascular reaction of the skin to UV irradiation consists 
of vasodilatafion, augmented blood flow, increased vascular permeability and cellular 
exudation, particularly of neutrophil leucocytes. The reaction is essentially bibasic 
(2, 5, 36). First an immediate erythema appears. It is of short duration 0-2 hours) 
and mainly produced by irradiation above 300 nm. The more important one will then 
appear after a latency period of 2-10 hours, shorter or longer dependent on the irrad
iance, lasting from one to some days. The strength of the erythema will at higher 
doses be complicated by vascular permeability giving oedema and blistering. 

The dose necessary to produce erythema by UV radiation has been studied exten
sively and the dose effect curve is well known. It must, however, be remembered that 
this relationship as expressed in the action spectrum is quantitatively dependent on 
whether a moderate or minimal erythema is used for end point (4) and on the time after 
irradiation at which the evaluation is made. 

The complexity of erythema production at different wavelength necessitates a 
separate treatment of this effect when radiation is given as UV-A, B or C. The action 
spectrum will mostly cover the region below 300 nm. Above this level erythema pro
duction will still take place but efficiency is very low. The amount of solar 
radiation reaching the earth in this region is, however, sufficient to be effective 
(4). 

The minimal dose that will provoke an erythema (MED) is the best threshold for 
biological effects of a UV exposure. Apart from radiation dose the MED is dependent on 
age, skin color, pigmentation of the individual and on the region of skin irradiated. 
In normal Europeans the MED will be around 10 mJ/cm2 depending on wavelength between 
240 and 290 nm and is below 6 mJ/cm2 at 254 nm wavelength (34). 

3. The third reaction of the skin to UV exposure is an increase in pigmentation, 
the suntan. It has an action spectrum very close to that of erythema. At its initi
ation it · is not so much an increase in melanin as a spreading of existing pigment 
granules into neighboring cells throughout the exposed skin. Later on there is also a 
new production of pigment granules. 

4. A not too well recognized effect of UV radiation is the interference with the 
growth of the cells in skin, Immediately after irradiation there is a cessation of 
growtn seen asaclecrease in thymidine labeling of single cells in the basal layer 
during the period when the unscheduled repair incorporation takes place (4, I l). This 
repair can be recognized as low level incorporation in all cell nuclei, not only in the 
basal layer but also in more superficial layers of the epidermis. The upper 0.5 mm of 
the dermis showed similar autoradiographic changes. This incorporation disappears 
after 24 hours and is followed by an increase in mitoses (8) and in cells labeled after 
thymidine during semiconservative replication. This increase in cell production will, 
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after a period of time, give rise to shedding of superfluous cellular material as 
scaling. 

Mouth: Due to a recent practice in dentistry of using plastic materials that have 
to be hardened by UV-treatment, a certain risk has been introduced for the mucous 
membrane of the mouth (9). So far this technique has not given rise to any effect 
apart from severe erythema of the skin around the mouth. 

Eye: UV will to a large extent be absorbed in cornea and the surrounding sclera 
and-conjunctiva. Only radiation with wavelength longer than 300 nm will be able to 
penetrate to the anterior chamber and perhaps to the lens. 

The clinical effect of UV radiation is photokeratitis appearing some 2 to 24 hours 
after irradiation with acute hyperemia, photophobia and blepharospasm. The duration is 
1-5 days. In general no residual lesion will then be present. These effects are 
caused by UV shorter than 305 nm. The peak sensitivity of the cornea is at 288 nm. The 
law of reciprocity can be applied to these effects (this means that tissue damage is 
dependent on the total energy absorbed, not on the rate of absorption) accordingly the 

dose can be controlled by varying the duration of exposure. Fairly good measurements 
exist on the energy necessary for a minimal photokeratitis. The threshold is found to 

be 4 mW /cm 2 for humans, between 220 and 290 nm with a minimum at 270 nm. 

Photodynamic Action in UV Irradiation 

The photodynamic actions of a number of organic substances is of great interest; 
the interest is not only from a purely medical point of view where the use in derma
tological therapy has been increasing during recent years. The effect of photosensi
bilizing chemicals is, however, of great significance in all considerations of indus
trial hygiene, and could to some extent influence the permissible levels of both UV and 
visible light during work. These types are recognized at present, all working on the 
same principle in the UY-A band extending into visible light. In all cases enough 
energy is absorbed by a low molecular substance, the photosensitizer, to transfer 
sufficient energy to a target molecule. The effect is obtained when this target is DNA 
or viruses present in the cells of the skin (31). 

In the molecular photosensitation relatively simple molecules (acetone aceto
phenone etc.) take up the energy by forming a triplet state. It has been shown that 
thymine dimers may be found in this way (28, 42). 

When DNA is in contact with photodynamic substances, as fluorescent dyes (acridine 
orange, riboflavine), the irradiation in the presence of oxygen can induce an oxigen
ation of the DNA that can result in chain breakage and some cross linking. 

Most important is that a number of other substances, among which are the naturally 
occurring psoralens, when bound to DNA will react with thymine and cytosine. After 
irradiation with a wavelength optimum at 365 nm they form covalent photoadducts 
resulting in interstrain linking and dimer formation. The yield of DNA damage is high 
in this group due to the chemical binding to DNA. 

From a clinical point of view photsensitivity is the general term. It can be 
divided into phototoxic and photoallergic reactions. Phototoxicity is the common 
response in all persons when the skin is irradiated with sufficient energy and at the 
appropriate wavelength corresponding to the phototoxic substance. The common sunburn 
reaction is the result only more evident than without the photosensitizer. 

Photoallergy is uncommon and depends on acquired altered reactivity due to an 
anitigen antibody or cell mediated hypersensitivity to the photosensitizer. Clini
cally, immediate urticaria! or delayed papular or eczematous reactions may appear. 
Photoallergy may leave an increased sensitivity to light even without the sensitizer. 
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Late Effects 

A. Certainty Effects (can take place both in skin and in the eye.) 

Skin: After prolonged exposure to UV- and other light, a degeneration will 

develop in the dermal tissue with a decrease in elasticity due to degeneration of the 

elastic fibres and other histological changes (S, 31). The visible symptoms will be 

deep furrows in the skin. No dose effect relationship is known for this reaction. 

Eye: After irradiation with UV-A of longer wavelength, there is a possibility for 

induction of cataract. So far the evidence is scarce, but the problem is becoming more 

significant with the availability of UV-lasers. The dose-effect relationship is not 

completely known. 

B. Stochastic Effects 

Skin: Cancer of the skin is a well recognized effect of UV irradiation, both in 

experimental animals and in man. 

Three types of cancers are under consideration. Basal cell carcinoma, spindle 

cell carcinoma, and melanoma. To this can be added the more benign and perhaps only 

pre-cancerous tumors as solar keratosis, lentigo maligna (24) and perhaps keratoacan

thoma (36). The evidence for the production of cancer in the experimental animal is 

good (2,32), at least as far as the first two types of malignancies are concerned. 

Apparently, it was only possible to induce melanoma in experimental animals after the 

development of benign pigmented tumors after treatment with another carcinogen, but 

pure light induced melanoma has now been induced in hairless mice (18). If the eat is 

used as test object in the albino mouse a large number of sarcomas of dermal origin 

will appear. 

The induction of tumors takes place at wavelength below 300 nm as first described 

by Funding, Henriques and Rekling (1'). 

The action spectrum has a peak at 260 - 270 nm, corresponding to an action on 

nucleic acid, Irradiation is more effective when the same dose is spread over a long 

time than when given in a 'shorter pulse. 

Photosensibilization may have an effect on carcinogenesis, but a chemical binding 

to DNA may be a necessity. 

Irradiation at wavelength between 300 and 400 nm in the presence of 8 

methoxypsoralen can therefore give rise to an increase in skin tumors in experimental 

animals (16). 

In man the evidence for UV induction of skin cancer is purely epidemiological. 

Basal cell and squamocell carcinoma appear on the uncovered skin preferably in 

unpigmented persons and with an incidence that increases with the amount of sunlight to 

which the population is exposed. There is a reason to suppose that the same is true 

for melanoma (21,22,24,27,28). 

Due to the indirect character of the evidence, no quantitative dose effect 

relationship has been established. 

There is, however, a good correlation with dose as defined by the effective 

irradiance at different latitudes (28). Furthermore the location of the tumor is 

preferentially on sun exposed areas. If the change in clothing of women after 1945 

with the general Introduction of transparent nylon stockings are taken to result in an 

increase in exposure to the legs, the epidemiological data ~f Clemmensen (.5,6) suggests 

a latency period of close to 1.5 years for melanoma of the legs in women, a not 
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unreasonable latency period when compared to other chronic carcinogenic stimulations as 
for instance Thorotrast induced livertumors (12). The incidence of melanoma of the 

skin is at present rising in countries with a predominantly unpigmented population 

(Clemmensen (5,6} Magnus (27,28} probably due to the increase in sunbathing often 

combined with vacations in areas of stronger solar irradiation. 

The last observation raises the very important question to what extent the first 
exposure to an increase in sunlight exposure on non-pigmented skin is the main 

carcinogenic event, or whether long term exposure on tanned but still fair skin has an 

equal effect. 

Certain factors are known to increase the incidence of skin tumors. 

Early development is common in albinism (20} where the lack of melanin permits a 
better penetration of UV light to the basal layers. In case of stronger pigmentations, 

as in negroes, melanoma on the face and trunk is practically nonexistent. 

Xeroderma pigmentosum is an inherited disease where part of the DNA repair enzymes 

is lacking. This also gives rise to an early development. of skin tumors after 
exposure fo UV light (20). 

Whether the dermatological phototherapy with methoxypsoralen in the future will 
give rise to an increase in malignant tumors is not known but can be suspected. The 
sarne may also be the case for other phototoxic drugs or chemical substances, whether 

the UV exposure is under medical surveillance or in a worker engaged with the 
productions of these substances. 

The carcinogenic mechanism is so far unknown. The DNA damage followed by repair 
and the changes is growth pattern of the basal cells in skin are practically the same 

as those seen after treatment with a number of carcinogenic chemicals. Repair of DNA 

plays an important role in UV carcinogenesis. The suppression of excision repair by 
caffeine has been shown to abolish the carcinogenic effect of UV irradiation (45). It 
must be remembered that tumors can be induced by viruses and among these are Herpes 

virus I and II. UV treatment either directly or by photoactivation is now under study 
for the treatment of infection with these viruses. Whether this can increase the tumor 
incidence by inducing new carcinogenic viruses or by other mechanisms involving DNA is 

so far unknown, but there is a certain risk. For review see (3). 

Eye: So far no direct evidence has been presented that tumors in the anterior 

chamoer of the eye and especially melanoma in this location can be produced by UV 

irradiation. It must, however, be noted that melanoma in the eye is most common m 

blue eyes and that melanoma of iris in Jensens series (19} only occurred in blue eyes. 

Areas of Risk for Overexposure 

The risk for damage after exposure to UV light either acute or after years of 
exposure is met with in a number of situations. 

Out of these, natural UV is the most important. All populations working out of 

doors are at risk for overexposure, and there is a risk for both acute overexposure and 

for all the late risks mentioned. 

UV emitting arcs are met with under a number of working conditions. In welding it 

is a serious risk. UV, expecially UV-C, is used for sterilization of food and air, and 
accidental exposure often of long duration may be seen. Accidental exposure has also 
been met with from breakage of the shielding in high intensity lamps (40). 

UV emitted from hot bodies is a constant risk in many types of metal and glass 
work. 
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UV lasers will be referred to in the laser document of this series. 

Medical exposure to UV light is at present increasing. For years both general or 
local UV irradiation have been used. UV sources have for many years been available for 
home use partly for the semicosmetic purpose of the induction of suntanning. The 
technique of phototherapy is however at present expanding in several directions. Light 
therapy of infants with icterus is widely used and incorrect use of UV-emitting light 
tubes has given rise to erythma in infants (IO). The use of photodynamic techniques 
for the treatment of Herpes (22) or for other skin diseases like psoriasis induces a 
risk for patients as well as personnel. The carcinogenic dose during these types of 
treatment is unfortunately unknown. At least two mechanisms for cancer induction are 
possible. The irradiation may on one hand induce changes in the DNA of the cells in 
such a way that skin cancer could result. The irradiation may on the other hand 
provoke changes in the irradiated viruses that result in a transformation into new and 
more active carcinogenic strains. This is, of course, of the greatest concern when the 
therapy is directed towards the virus itself as is the case of herpesvirusf especially 
as the Type 2 virus already in the native state is considered carcinogenic (3,22J. 

For the establishment of scientifically acceptable protection standards for 
workers and the public, more information is needed. Protection standards that will 
cover both the acute exposure and the long term effects have not been set so far. 

A first requirement is that internationally acceptable units for measurements are 
available. Many groups have produced such units but international agreement has been 
difficult to establish. A group consisting of representatives from among others "The 
Association Internationale de Photogiologie" and ICRU has suggested a set of units with 
appropriate names. This system is still being discussed. The proposed system is given 
in Table 1 (Rupert, C.S. personal communication). 

Table 1. Proposed radiation quantities 

~ 
* area t * solid angle solid angle * area - time area volume and and and 

time time time s 

l [s] [m2] [m3] [m2•s] [ar,s] [m2•sr•s] 

radiant anergy energy volumic energy steric 
energy flux fluence energy floaan energy energy 

i.o. 
flux radiance 

_g p. ~ t· .!l.12 u • .!l.12. A d3.Q, - di - d.!!, - dy f'•d.!!. d! I • L • [J] - d!_ dQ - d!_ dE_ df 
- - - - - - - - - - - ------ ------- -------- - - - - - -------- - - - - - - - -

Number particle particle volumic 
particle ateric 

particle of particles flux fluence number 
floaan particle 

radiance 
N of particles flux 

[dimensionless] iii 'T - iii n • .s!i a A_ d\! A• r • - d!_ - d.!!_ - d.:!_ - d!!_ d!_ d!_ d!l_ c!_ d.!_ ci.:!_ 

* The area da in this table is always taken perpendicular to the direction of propagation of an elementery radiation beam. 

Note: Bracketed symbols represent abbreviations of units (in the International System, or SI) which 
should be used to express the corresponding quantity or variable: [J], joules; [s], seconds; 
[ml, meter; [er], ste:~dian. The energY fluence; for example, would be expressed in joules 
per square meter [J•m J: the particle flux in reciprocal seconds [s-1], etc. 
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A set of guidelines for the protection of workers exposed to UV has been 
suggested. They are based on the minimal erythema dose and will cover the risk during 
the acute single exposure. Such a standard has been set by the American conference of 
industrial hygienists, 1972. In most other countries there is no such standard. 

The preoccupation with repeated exposures over a long time as mentioned in the 
previous pages has, however, raised a doubt as to whether such guidelines are correct 
and sufficient, especially if an attempt shall be made to protect not only workers-
especially the open air workers--but also the general public in its cumulative day-to
day exposure. That this goal cannot be reached by setting exposure limits alone is 
evident. An attempt must, however, be made to establish a scientific basis for such 
guidelines if at all possible in order to inform the public of their existence and on 
the consequences of not taking the risk of overexposure into consideration. 

The handling of phototoxic chemicals is mostly treated apart from the problems of 
UV and visible irradiation. It might, however, be useful to reconsider this viewpoint, 
especially if a long term effect can be shown to be present after the combined exposure 
to UV light and to the substances of whatever type they may be. 

Finally it must be borne in mind that the protection against UV radiation is not 
only a problem of irradiance. The clothing habits, or as is the case at present at 
least in some countries the unclothing habits, are of great importance. From an 
evolutionary point of view it may not be completely without significance that the 
unpigmented part of the human race is found in the regions of low UV radiation where 
furthermore a complete covering by clothes is necessary from a temperature point of 
view. 

Further studies: This text has been written in order to give a basis for the 
understanding that there is an important and increasing problem of the relation of UV 
irradiation to skin carcinogenesis. Our knowledge on dose effect relationship in man is 
insufficient and should be studied whenever possible, perhaps with the epidemiological 
approach used for ionizing radiation. 

The mechanism behind the carcinogenesis also needs further study. Due to the 
relatively well defined effects of UV, this should be very rewarding. 

Cataract production from UV is also of importance, especially in relation to 
lasers. Further experime!'lts and human epidemiological studies are necessary also in 
this field. 
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PUBLIC HEAL TH ASPECTS OF ULTRASOUND RADIATION 

Introduction 

Radiation, as generally defined, refers to energy propagated through space or 

through a material medium. Nonionizing radiation is the term that refers to all those 

forms of electromagnetic radiation whose primary mode of interaction with matter is 

other than ionization (the production of iorl-pairs, directly or indirectly, in its 

pas.5age through matter). The term is usually used to include sonic, infrasonic and 

ultrasonic vibrations. 

Modern technology has developed numerous electronic products which produce 
nonionizing radiations for beneficial uses. Some examples include . microwave ovens, 

lasers, ultrasonic cleaners, ultraviolet lights, and medical diathermy eq1:1ipment. 

These devices are the product of the electronic age and have been available in 
significant quantities only in recent years. In the United States, approximately 5,400 

plants manufacture 30,000 different types of electronic products. 

Although the products offer benefits to the public, some also create potential 

hazards to health through uncontrolled or excessive radiation emissions. It is 

recognized that the impact of this new technology and associated public health problems 
vary in the countries of the world. It is likely that the usefulness of the devices 

will result in their increasing application in all countries, with the potential that 

people of all nations will eventually be exposed. Therefore, it is prudent that health 

agencies take the initiative and develop applications programs to provide, during the 

early stages of the growth of these new industries, for the protection of the health of 

the worker, the researcher, the patient and the general public from nonionizing 

radiation. 

The purpose of this paper is to examine public health aspects of the use of 
ultrasound. The public health significance of ultrasound usage, or of any source of 
radiation1 is related to a number of factors. These include {a) the number of devices 
in use, lb) the anticipated growth rate of devices and usage, (c) the population at 

risk, the length of exposure and the number and kind of user (e.g., housewife or 
industrial work); and (d) the relative toxicity or biological effects of the radiation. 

Number of Devices in Use 

Because of the rapid growth of the electronic industry and because the market for 

these devices is constantly changing due to advances in technology, it is impossible at 

present to obtain the world picture on the use of ultrasonic radiation. Figure 1 
presents some information on types of uses of ultrasound in medicine, industry, 

consumer-oriented devices, electronic signal processing, and nondestructive testing. It 

shows the frequency range in which devices for these applications usually operate. 

Ultrasound devices are used in medicine for both therapy and diagnosis. A common 
procedure in physical therapy is ultrasound therapy. Ultrasound therapy is also used 
for treatment of Meniere's Disease, a disease of the labyrinth of the ear. Low 

frequency ultrasound is utilized in dentistry for cleaning teeth. Diagnostic 
applications of ultrasound are associated with just about all of the medical 

specialities; however, widespread publicity has been given to ultrasound usage in 

obstetrics. Obstetrical uses include fetal cephalometry, placental localization, 

detection of intra-uterine life and diagnosis of multiple pregnancy. 

Uses 
are also 
products 
whistles. 

of ultrasound in consumer-oriented products and in industrial applications 
in the low frequency range. Examples of consumer-oriented devices include 
sold for bird and rodent control, traffic control, burglar alarm, and dog 

Sirens and whistles normally have harmonics at ultrasound frequencies. 
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Industrial uses of ultrasound include cleaning, machining, welding plastics, and 
emulsifying. 

Other categories of ultrasound usages for electronic signal processing and for 
nondestructive testing are also shown in figure 1. A major use in signal processing is 
the delay line in electronics circuitry, which employs broad-band ultrasonic 
frequencies. Both of these categories have components of active developmental 
experimentation, as evidenced by the extent of reports of new developments at 
conferences of ultrasound engineers. · 

Because of the increased use of ultrasound in the healing arts, studies performed 
at the Bureau of Radiological Health have concentrated on medical usages of ultrasound. 
Bureau personnel expect increased emphasis on medical use. The National Science 
Foundation has established a program to eliminate barriers to widespread clinical use 
of ultrasound imaging in medical diagnosis (Busser, 197 5) and has also made useful 
estimates of use. Estimates of current usages of ultrasound are therefore related to 
medical applications at the present time. 

Figure 2 lists medical areas in which ultrasound is utilized for either therapy or 
diagnosis. A dentist may use ultrasound to scale calcified deposits from teeth. A 
cardiologist can use ultrasound to determine heart wall thickness and cardiac output, 
as well as to detect diseases of valves of the heart. Diagnostic uses of ultrasound in 
obstetrics and gynecology have been summarized in a compendium by Kobayashi et al. 
(1972), which illustrates ultrasound images associated with diagnosis of over 60 
conditions. 

The use of ultrasound in therapy was studied in three surveys (Remark, 1971; 
Stewart et al. 1973a; Stewart et al. 1973b). The surveys were conducted in Pinellas 
County, Florida, and in Washington, D.C. Pinellas County has a substantial population 
of retired persons. Surveys in both locations revealed that ultrasound was used more 
frequently than either microwave or shortwave diathermy. Ultrasound treatments usually 
lasted 3-7 minutes; no treatment was less than 2 minutes or longer than 20 minutes. 
Repetitive treatments were reported, with patient visits 1-3 times per week. Most 
ultrasound therapy machine operators received only on-the-job training. A significant 
finding was that 85 percent of machines exceeded the indicated or rated output by 20 
percent. The range of measured output varied from no emission to outputs which 
exceeded the meter reading by a factor of 2x. 

At the present time there are nine ultrasonic therapy equipment manufacturers in 
the U.S. It is estimated that in 1972, these manufacturers produced around 5,000 
units. Based on survey results (Stewart et al. 1973a), it is estimated that 3,500 of 
these units in the U.S. would result in 17,500 exposures per day or 4.5 million 
treatments per year, involving approximately 1,000,000 individuals. 

Anticipated Growth of Devices and Usage 

In 1950, only ardent enthusiasts and v1s1onaries would have predicted a vast 
market for the then unpublicized, little known, and largely unverified capabilities of 
diagnostic ultrasonic imaging instruments. The predominant view held in 1973 
(Manniello, 1973) by a number of industrial executives and practicing physicians was 
that ultrasonic instrument sales would match or exceed x-ray instrument sales in 10-20 
years time. Between 1971 and 1973, sales increased 300 percent in the United States 
(Manniello, 1973). Similar growth of sales appears to be taking place in some other 
nations. 

Trends in usage of ultrasound in diagnosis are somewhat unclear. According to one 
report (Manniello, 1973) physicians in. Japan follow a cautious policy in use of 
ultrasound in obstetrical examinations prior to the 19th week of pregnancy, unless 
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Figure 2. Medical areas utilizing ultrasound in therapy and 
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compHcations are expected. in Europe, ultrasound may be used as soon as pregnancy is 
suspected or confirmed. 

The trend in the United States is increased usage. An analysis of ongoing 
research in ultrasound revealed that the U.S. Government funds both applications 
research and bio-effects and tissue interactions research (O'Brien et al. 1972). A 
sampling of 33 diagnostic applications of ultrasound revealed that nine of the 
application., are in clinical use, 10 are in clinical experiment, and l'f a_r:e still in 
research and development (Manniello, 1973). 

' 
Another way to estimate trends in ultrasound usage in medical diagnosis is to 

examine the record of available literature and types of diagnostic procedures. Figure 
3 shows two plots, one which cumulates diagnostic procedures available for use during 
the years 1942-1971. The other plot cumulates published articles on ultrasound during 
the years, 1942-196.5. Both curves show rapid rises which suggest an almost exponential 
growth. 

Ultrasound is used diagnostically in both pulsed and continuous wave modes and 
echoes are observed with a variety of imaging systems. Three types of echoes are 
distinguished with pulse-echo techniques. The A-scan is the continuous repetition of 
pulses from a time-base generator to produce a display of deflections of the time base, 
which represent the presence of interfaces along the ultrasonic beam. A brightness
modulated display of the A-scan is called a ~scan. Each echo is registered at an 
appropriate point on an invisible time base with the brightness increasing with 
increasing echo amplitude. The relationship between brightness and amplitude is not 
necessarily linear. The T-M mode utilizes a variation of the A-scan to examine motion 
at an interface with respect to time. Continuous ultrasound utilizes transmitting and 
receiving transducers. When the path length changes in time between the two 
transducers, an apparent frequency shlf t occurs. This is the well-known Doppler 
effect, and results from a movement of a reflecting substance, such as circulating 
blood or a contracting heart. 

The growth of ultrasound usage in medlcal diagnosis is also a subject of a program 
established by the Office of Experimental Research and Development Incentives, National 
Science Foundation. Its charge ls to provide experimental evidence concerning various 
incentives which might be. used by the U.S. Government to increase the application and 
use of science and technology in the civil sector. The program was to (1) develop a 
state-of-the-art summary of worl~wide developments in diagnostic ultrasonic imaging 
instruments; (2) specify an instrument which could be produced in the U.S. within 2 
years; and (3) establish a r~earch agenda leading toward enhanced capability in the 
future (Manniello, 1973). Details of the instrument specified are contained in the 
referenced report. In general, a variety .of performance specifications are made, and 
include specifications for transducer frequency, transmitted power, intensity 
measurement, operational modes, scan size and position, resolution, velocity, signal 
processing, and display. The development of such an instrument is intended to correct 
current lack of widespread use of "best available instruments" (Manniello, 1973). 

The Bureau of Radiological Health, through its surveys of ultrasonic therapy 
equipment, has observed substantial variation of output of the machines. While 
comparable surveys of diagnostic machines are lacking, it is possible their outputs are 
also variable. Surveys are currently under way to determine the extent of variation of 
output from diagnostic machines. Measurements of ultrasound fall into three 
categories: measurement of. total acoustic power output, measurement of the spatial 
distribution of power, and measurement of the temporal distribution of power. 
Measurements should be made in the equivalent of an infinite medium of distilled, 
degasses liquid in order to avoid standing waves. Water is a convenient transmitting 
medium because it has acoustical properties similar to those of soft tissue. Special 
considerations should be made of test chamber size, absorbing chamber walls, acoustical 
impedance matching, and beam size. Temperature is critical only for those cases in 
which the parameter under · measurement is affected significantly by change in 
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temperature. Velocity of propagation, and hence the wavelength, varies less than 
2 percent for a lo° C change in temperature. 

The best known and most widely used techniques for measuring total acoustic power 
output are calorimetry and radiation force. Calorimetry involves degrading the 
acoustic energy into heat and measuring the subsequent temperature rise. Radiation 
force involves measuring the force exerted by the ultrasound on an interface between 
media having different acoustic.properties. At present, U.S. manufacturers use one or 
another of these techniques in their plants. 

The spatial distribution of ultrasonic radiation includes such parameters as the 
beam nonuniformity ratio, effective radiating area, focal area, focal length, and depth 
of focus. These quantities can be measured by scanning with a miniature ultrasonic 
detector, such as a thermocouple or piezoelectric hydrophone, across the ultrasonic 
field. The largest dimension of the receiving element should be less than l wavelength 
in water at the frequency of measurement. For example, at l MHz in water, the 
wavelength is approximately 1.5 mm, so the detector size should not exceed this value. 
Piezoelectric hydrophones with the required dimensions are commerically available. 
However, their use by U.S. manufacturers is limited, and no manufacturer of therapy 
equipment currently uses an operational scanning system. 

Temporal _distribution of the ultrasonic radiation includes such parameters as the 
ultrasonic frequency, pulse duration, pulse repetition rate, ratio of the temporal 
maximum to. rms pressure amplitude, ratio of temporal maximum to average effective 
intensity, and treatment time. '. In order to make these measurements it is necessary to 
place a detector in the field which is capable of responding to the instantaneous 
variations in the field parameters, (i.e., particle pressure, velocity, or 
displacement). · A piezoelectric hydrophone with a resonant frequency greater than the 
ultrasonic frequency being measured can be used for this purpose. The output from this 
detector can be µsed to drive conventional electronic counter-timers and oscilloscopes 
for measurement and calculation of the various temporal parameters. 

Like other nonionizing radiations, ultrasound represents a control problem in that 
survey and monitoring instruments are not available. The manufacturer and the public 
health control specialist therefore cannot make suitable measurements with accur:acy and 
convenience. Inconsistencies of ultrasonic output may therefore be expected from one 
machine to another, as results of both manufacturing and use. Such inconsistency was 
observed in a therapy machine survey (Stewart et al. 1973a). 

Because the ' potential for biological damage from the existing applications of 
nonionizing radiation exists, public health agencies should not wait to develop control 
programs. It is extremely important that the electronic product industry be made aware 
of the concerns of public health agencies early in the design or conception of 
ultrasonic devices. 

Population at Risk 

· Principles of public health protection applicable to an environmental or 
occupational hazards are equally applicable to the control of ultrasound. Fascination 
with the relative newness of widespread technological innovations using ultrasound and 
the continuing adaptation of the potential of ultrasound to new and expanded 
applications in medicine, consumer products, communications, and industry, has led to 
a relative lag in development of research on biological effects of ultrasound. Concern 
for this problem can best be expressed by a statement by former U.S. Surgeon General, 
Leroy Burney, in an address before the 1958 National Air Pollution Conference: 

"In law the suspect is innocent until his guilt is proven beyond reasonable doubt. 
In the protection of human health such absolute proof comes later. To wait for it 
is to invite disaster, or to suffer unnecessarily through long periods of time." 
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To the extent that commercial devices, which emit airborne ultrasound, become 
popular and widespread, a problem with environmental ultrasound may become apparent. In 
medical ultrasound usage, available data are variable. In the Pinellas County surveys 
(Remark, 1971; Stewart et al. 1973a) ultrasound therapy was utilized in direct 
proportion with availability of machines. In the Washington, D.C. survey (Stewart et 
al. 1973b), ultrasound therapy units accounted for 45 percent of available machines 
for physical therapy. However, 85 percent of patients treated per day received 
ultrasound therapy. 

Similar statistics are not yet available for diagnostic ultrasound. One medical 
specialist (Thompson, 197 5) has estimated unofficially that it may be possible that 
40-50 percent of pregnant women in the U.S. receive diagnostic ultrasound. Based on 
response to a mail questionnaire survey, Bureau personnel estimated that ultrasound was 
used in 12 percent of U.S. hospitals in 1971. There was a wide range of usage 
depending on size of hospital. Smaller short-term hospitals (under 200 beds) reported 
less ultrasound usage than larger hospitals (300-500 beds). 

Another limited su.rvey by questionnaire (Regas and Tordy, 1971) indicates that 
diagnostic ultrasound was used in both private and hospital practices in 1968-1970. No 
physician who responded evaluated ultrasound as having no diagnostic value. 
Approximately 60 percent of physicians considered diagnostic ultrasound as necessary or 
very useful. Figure 4 summarizes the findings of the survey. It is clear that the 
tabulation is incomplete, partially because of inadequate data. It is not possible to 
consider this survey as necessarily representative on a regional or national basis. 

Relative Toxicity of Ultrasound 

The framework on which sound public health control programs are based is the 
criterion of biological effects on man. This criterion is developed from animal 
experimentation, observations of effects of known over-exposures of humans, and 
epidemiological studies. At present, diagnostic ultrasound is considered potentially 
safer than diagnostic x rays. Some attempts have been made to describe power-duration 
domains in terms of relative hazard (Ulrich, 1971; Wells, 1973), which are shown in 
figure 5. However, long term effects of ultrasound have not been established and 
investigated. 

Additional concerns exist about the conclusion of ultrasound safety, on the basis 
of experimental studies. Four points should be made with respect to the experimental 
data on which the safety curves were based: 

1. Most of the data were obtained in experiments which were not designed to 
establish dose or exposure vs. response curves for biological endpoints under 
study. 

2. Many of the studies appear to have utilized inadequate exposure measurement 
so that the effects cannot be reliably associated with specific exposures. 

3. Many of the biological endpoints in animal studies were relatively drastic 
changes associated with the acute exposure. Information on delayed and 
cumulative effects, and on synergistic effects with other environmental 
stresses, i~ Ii mited. · 

4. Much existing research on biological systems was to elucidate the mechanism 
or mechanisms of interaction of ultrasonic energy with the biological 
tissues. 

On the other hand, physicians have not reported adverse effects from the clinical 
use of ultrasound on patients. The absence of such reports is accepte_d by many as the 
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single most compelling argument for the safety of ultrasound. While the lack of 
reports suggests that current use of ultrasound does no immediate drastic and obvious 
damage, one should not conclude that ultrasound is safe. Subtle and delayed effects 
have not been investigated; indeed, even gross effects may have been missed. 

Four epidemiologic investigations of effects of ultrasound on developing human 
fetuses have been reported, all with negative results. These studies have been 
reviewed in detail (Landau, 1973). The largest study was conducted on 1114 apparently · 
normal pregnancies in Great Britain, Sweden, and the United States (Hellman et al. 
1970). The outcome of the pregnancy and infant abnormalities were the assayed 
endpoints. Incidences of abortions and abnormalities did not appear to be related to 
either the time of first examination or frequency of examinations. Incidence of 
abnormalities was 2.7 percent in the infants overall, and only 1.4 percent in the 146 
infants receiving ultrasound during major organogenesis prior to the 10th week of 
gestation. The limitations of this study include (1) absence of a control population; 
(2) selection of patients; (3) lack of standardization of ultrasound exposures; 4) lack 
of detailed newborn examinations; and (5) lack of follow-up beyond the newborn period. 
The study therefore fails to prove the conclusion of safety of diagnostic ultrasound. 

A second study foUowed 171 children from a possible group of 400 fetuses 
insonated between 1967 and 1970 in Budapest, Hungary (Falus et al. 1972). The duration 
of follow-up varied from 0.5-3 years. The incidence of developmental disorders was not 
different from that of Budapest as a whole. Chromosomal examinations of 10 randomly 
selected patients revealed no significant increase in abnormalities over those from l 0 
control children. The limitations of this study include (1) lack of a control 
population (except for the chromosomal studies); (2) selection of patients on whom 
ultrasonic procedures had been performed because of "pregnancies of pathologic type"; 
(3) the bias introduced when the study population, with a "very high degree of psycho
social status" is compared with the Budapest population; (4) relative lack of response 
(23 percent) to invitations for foUow-up examinations; and (5) inability to perform 
adequate evaluation of neurological and sensory defects in children 1-3 years old. 

Another study performed clinical follow-up of 720 patients after Doppler 
ultrasound exposure during fetal development (Bernstine, 1969). Two groups were 
followed, one composed of outpatients with no complications of pregnancy, and the other 
composed of patients hospitalized with some medical or obstetric complication of 
pregnancy. The two groups were combined for analysis, and compared with U.S. Navy 
statistics on congenital anomalies. Incidence of anomalies in the ultrasound-exposed 
offspring was 0.55 percent compared with the Navy statistic of 1.3 percent. Evidence 
of prematurity in the study group was half the U.S. Navy statistics. Limitations of 
this study include absence of a control population and lack of long-term follow-up for 
delayed effects. 

The fourth study was to examine the effect of pulsed ultrasound on cerebral 
function, as measured by electroencephalography (Kohorn et al. 1962). 
Electroencephalograms were recorded on 20 normal newborns. Pulsed ultrasonic energy 
was then passed through the skull in either a biparietal or posterior frontal 
direction. Electroencephalography was repeated and compared with the first recording. 
Visual examination did not reveal any alterations of cerebral electrial activity. 
Unfortunately, the susceptibility of electroencephalogram patterns to ultrasound has 
not been established. However, the study protocol would reflect injuries which are 
manifested by immediate changes in electroencephalography. 

At present, a controlled clinical trial is being developed in Great Britain. 
Small counterpart studies are being planned in Poland and the United States. Careful 
attention is being directed to questions of exposure to ultrasound, to assignment of 
patients, and to parallel development of protocols. Follow-up of offspring is the crux 
of the trial. 
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No reported instances of injurious over-exposure of humans to ultrasound have been 
available for study. While the lack of injury of exposed humans limits data from which 
criteria may be developed, the record is fortunate. Experimental research, therefore, 
is the other source from which criteria may be developed. 

Figure 6 lists a variety of effects reported in biological systems after exposure 
to ultrasound. It is noteworthy that approximately half of reported effects have been 
observed at cellular and subcellular levels of biological organization, but have not 
been associated with functional or morphological disturbances of organs, organ systems, 
or intact animals. Most of the listed effects can be classified as short-term 
responses to acute radiation exposure. 

In order to illustrate the confusion in the literature, figure 7 shows observed 
effects and reported exposure conditions associated with seven studies of embryological 
effects. One of the studies reporting adverse effects at a low level of intensity is 
that of a group of investigators in Japan, who found an increased incidence of 
congenital abnormality in mice after 5 hours of in utero exposure to a Doppler fetal 
heart monitor with an intensity of 40 mW/cm 2 (Shoji et al. 1971). These findings, 
however, are not in agreement with those of other investigations. Negative results in 
rodents have been reported at intensities and times ranging from 10 mW/cm 2 for 2 hours 
(Smyth, 1965) to an average intensity of 27,000 mW/cm 2 for 5 minutes (Woodard et al. 
1970). One group observed no fetal abnormalities in mice exposed to 490 mW /cm2 for 1 
hour; although abnormalities were observed at 1050 mW /cm 2, these were explained in 
terms of overheating (Mannor et al. 1972). Another laboratory re~orted an increased 
incidence of abnormalities in chick embryos exposed to 4000 mW /cm mean intensity for 
30 seconds, but not at a mean intensity of 1000 mW/cm2 (Taylor and Dyson, 1972). 

From these examples one can see that it is quite difficult, if not impossible, to 
specify the conditions necessary to produce a teratogenic effect, particularly since 
the lntensities, pulsing regimes, insonation duration, exposure conditions, test 
species, and period of gestation vary widely from one study to another. 

Evidence for mutagenesis induced by ultrasound comes from chromosomal and in
heritance studies. Although there was a report of chromosomal damage in cultured human 
lymphocytes after exposure to diagnostic level of ultrasound (MacIntosh and Davey, 
1970, 1972), several other investigators have been unable to detect any increased 
incidence of chromosomal aberrations in human lymphocytes using the same and higher 
levels of intensity (Buckton and Baker, 1972; Coakley et al. 1972). The original 
authors have, themselves, been unable to confirm their earlier results. There has also 
been a report, from a group of investigators outside the U.S., of chromosome breakage 
in fetal cells obtained by amniocentesis from patients whose fetuses were exposed in 
utero to diagnostic levels of ultrasound for 10 hours. Although the investigators 
considered the damage to be pathological at the time, the results were not 
statistically significant (Serr et al. 1971). Later, the same group of investigators 
reported observing no increase in chromosomal aberrations or fetal abnormalities in 
mice which had been irradiated in utero for 60 minutes at an intensity of 490 mW/cm 2 

(Mannor et al. 1972). Although there have been no verified reports of "classical" 
chromosomal aberrations due to diagnostic or therapeutic levels of ultrasound, 
chromosomal anomalies of another type have been observed. A group at the University of 
Rochester has reported chromsome damage in the form of bridged prophase and metaphases, 
and agglomerated mitotics in broad bean (Vida faba) roots after exposure to 8000 
mW /cm 2 for 1 minute (Cataldo et al. 1973; Gregory et al. 1974). These investigators 
suggest that other researchers may not have observed these particular types of 
aberrations because of storing technique. The "standard" technique for scoring 
metaphases for chromosomal aberrations would select against mitotic figures that were 
not well spread; thus one would pay no attention to "welded'' chromosomes. 

The induction of mutations in Drosophila was reported as early as 1948 (Wallace et 
al.) and more recently in 1966 (Kato), but the intensities used are not known. It is 
thought that they were quite high. On the other hand, other investigators have been 
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Figure 6. Biological effects induced by exposure 
to ultrasound. Reported effects grouped accord
ing to level of biological organization at which 
effect was observed. 

EMBRYOLOGICAL EFFECTS 

EFFECT 
OBSERVED 

AVERAGE 

l~~,~~2V 
IRR,DIATION 

IME 
(MIN,) TEST SPECIES 

+ 

+ 

+ 

10 
40 

490 
LOOO 

LOSO 
4,000 

27,000 

120 RAT & MOUSE 

300 MOUSE 

60 MOUSE 

0.5 CHICK 

5 MOUSE 

0,5 CHICK 

5 MOUSE 

Figure 7. Summary of studies of effects of ultrasound on verte
brate embryos. For pulsed exposures, peak intensity time
averaged to provide for intercompari son of effects observed. 
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unable to detect any increase in the mutation frequency in Drosophila at intensities up 
to 17 50 mW /cm2 (Fritz-Higglie and Boni, 1950). Extensive quantitative studies have 
been conducted to test for the induction. of mutation in yeast ceJJs exposed to 
intensities reportedly representative of current medical regimes for up to 120 minutes 
and thus far reported negative findings. Only under conditions permitting the build
up of secondary effects such as heating or peroxide formation (caused by prolonged 
and/or high intensity radiations) was an effect found (Thacker, 1974). 

Some of the lowest intensity effects reported thus far have been somatic effects. 
A group in Great Britain has observed an increased rate of tissue regeneration, 
accompained by an increased uptake of H-3-thymidine, after insonating experimentaJJy 
produced surgical defects in rabbit ears. They found the optimum growth stimulating 
dosage to be only 100 mW /crrt- average power administered in 5-minute treatments, three 
times a week (Dyson et al. 1970). They have also observed blood stasis in the blood 
vessel of chick embryos exposed to intensities as low as 500 mW /cm 2 (Dyson and Pond, 
1973). The same investigators have also observed lysosomal damage under the same 
conditions that produce stasis (Dyson et al. 1974). Lysosomal damage has also been 
reported in rat liver exposed to 2500 mW /cm 2 average intensity for 5-minutes (Taylor 
and Pond, 1972b). Recently there has been reported a decrease in the mitotic index of 
rat liver after exposure to 60 mW/cm2:for five minutes (Kremkau and Witcofski, 1974). 
Williams et al. (1974) have shown that platelet rich plasma from human blood when 
exposed in vitro to as low as 65 mW /cm 2 for 5 minutes exhibits a decreased 
recalcification time, an early change associated with dotting. Other effects include 
a decrease in the potassium of rat thymocytes irradiated in vitro with 1000 mW/cm2 for 
thirty minutes, indicating that ulrasound at this intensity is capable of damaging the 
ceJJ membranes of thymocytes (Chapman, 1974), and a decreased rate of growth in Vida 
faba root at an intensity 1,280 mW/cm 2 (Bleaney et al. 1972, Gregory et al. 1974). 
Some of the studies reporting negative results include: no reduction in the survival 
of cultured cells exposed to intensities ranging from 500 mW /cm 2 for 300 minutes 
(Clarke and Hill, 1969) to 5900 mW/cm2 for 10 minutes (Bleaney and Oliver, 1972); and, 
an absence of observable morphological effects in rabbit eyes exposed to 33.7 mW /cm 2 
for up to 240 minutes (Ziskin et al. 1974). 

The question, whether or not ultrasonicaJJy-induced effects accumulate, is of 
vital importance when assessing the safety of ultrasound. Most of the work in this 
area has been concerned with the summation of short pulses of ultrasound as opposed to 
the accumulation of exposures. Fry et al. (1950), utilizing the frog spinal cord, 
showed that accumulation of repeated pulses was possible when the duty cycle was large 
enough. Another group of investigators exposed the rat spinal cord to various regimes 
of pulsed ultrasound and found that a constant accumulated exposure time would produce 
vascular damage when the duty cycle was as small as 2 percent. They point out that 
this is stiJJ an order of magnitude larger than the duty cycle of the current medical 
devices employing pulsed ultrasound (Taylor and Pond, 1972a). Two or more pulses of 
ultrasound have been reported to sum, the degree of summation being inversely related 
to the interval of time between pulses (Basariri and Lele, 1962). Research with the 
broad bean (Vida faba) root has revealed that splitting the exposure into two 
fractions, separatedby24 hours, did not alter the effect observed, a reduction in 
growth rate (Bleaney and Oliver, 1972). 

Although there have been conflicting reports as to the synergistic effect of 
ultrasound and )'.( rays for destroying tumors (Woeber, 1965; Clarke et al. 1970), there 
has been an unrefuted report that ultrasound and x rays reduce the electrophoretic 
mobility of tumor cells in an additive manner (Repacholi et al. 1971). It has also 
been demonstrated that hypoxia and ultrasound exhibit synergism by decreasing the 
exposure time required to produce hemorrhage in the rat spinal cord (Taylor, 1970). 

The study of interactions of ultrasound with biological tissues has led to the 
belief that effects occur by one of three mechanisms: thermal, mechanical, and 
cavitational. Biological effects are known to be caused by each of these mechanisms, 
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but the extent to which the mechanisms are implicated in a given biological effects may 
not be established. 

Whenever ultrasonic energy is absorbed by any biological material, heat results. 
Biological tissues absorb ultrasonic energy at a relatively high rate. For example, 
the absorption of 1 MHz ultrasound in liver is approximately 600 times greater than 
that in water; in striated muscle, absorption is approximately 1,000 times greater. 

The heat distribution within tissue depends on the geometry of the ultrasonic beam 
as well as on the absorption coefficient and intensity. The initial rate of rise of 
temperature is the same for both plane waves and focused beams. However, the heat 
diffusing effects make the temporal development of temperature markedly different. The 
time dependence of temperature in focused and plane wave beams at 1 MHz is such that 
the time constant (the time required for 37 percent of the temperature change to take 
place) for a focal beam is on the order of 0.1 second. For plane waves, the time 
constant can be up to a minute (O'Brien et al. 1972). 

The selective heating at tissue interfaces can be ascribed to a thermal 
meachanism. The propagating longitudinal ultrasonic wave comes in contact with an 
interface and mode conversion may result. This means that part of the longitudinal 
wave is converted to a shear wave. Shear waves have absorption coefficients orders of 
magnitude greater than longitudinal waves in tissues and, consequently, the wave energy 
quickly dissipates as heat within the immediate neighborhood of the interface. The 
effect of mode conversion is much more pronounced at interfaces between bone and soft 
tissue than at interfaces between soft tissues. The extent to which selective heating 
occurs during the applications of ultrasound is unknown. As a result, during the 
application of ultrasound, temporal and spatial distribution of temperature in tissue 
is unknown. 

Since ultrasound is the propagation of mechanical energy, mechanical properties 
such as displacement, velocity, acceleration, and pressure must be associated with the 
biological effects of ultrasonic energy. Consider the numerical values of parameters 
calculated from idealized plane wave equations, at an ultrasonic frequency of 1 MHz. 
Within this range of intensities the displacement in the tissue ranges from 18 to 1800 
X, the velocity ranges from 12 to 120 cm/sec. and the acceleration ranges from 7,400 to 
740,000 G. That such extremely high acceleration forces could possibly shake something 
loose would not be at all surprising. At high intensity levels, finite amplitude 
effects occur causing distortion of the wave shape and acoustic streaming results. 
Ultrasonically induced shearing stresses associated with acoustic streaming have been 
implicated as a mechanism inducing biological damage. These shearing stresses cause 
stretching, twisting and, finally, rupture of membraneous structures. Other 
consequences of these stresses have been eddying motions, rotations and other movements 
of intracellular bodies within the cell. It is, however, difficult to determine the 
extent of these steady shearing stresses on dynamic biological processes in vivo. 

Two important assumptions are necessary to perform calculations of mechanical 
properties of displacement, velocity, accelerating and pressure. They are first, the 
medium in which the ultrasonic energy propagates responds linearly to stress and, 
second, the wave behaves as a plane wave. 

The first assumption is that the medium in which the ultrasonic energy propagates 
responds linearly to stress; that is, the · material obeys the linear Hookes Law 
relationship. With both the· intensity levels employed therapeutically, and the peak 
intensity levels employed diagnostically, appreciable departure from material linear 
response is quite likely. Such non-linear response results in higher harmonic 
production, known as finite wave effects. As an example, the percentage of ultrasonic 
energy for 2.5 MHz at an initial pressure amplitude of 3.0 atmospheres, which 
corresponds to an intensity of around 3 W /cm 2 for a linear material, varies as a 
function of distance from the source. At a distance of 5 cm from the source, 12 
percent of the ultrasonic energy has been transferred into the second harmonic. At 
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twice that distance, or 10 cm, 22 percent has been transferred into the 2nd harmonic, 
10 percent into the 3rd harmonic and 5 percent into the 4th harmonic. Thus, the 
consequence of this phenomenon is that, if the biological effect is a function of 
frequency, and some have been shown to be, a degree of doubt can occur as to the actual 
frequency which caused the biological effect. 

The second assumption is that the ultrasonic wave behaves as a plane wave, where 
the characteristic impedance is real and the particle velocity and acoustic pressure 
are constant over the plane of interest. This has also been demonstrated not to be the 
case. Typically, the near field is characterized by the measurement of one parameter, 
such as acoustic pressure, and other parameters such as intensity are .calculated. Such 
techniques can result in misleading data. A complete description of the near field 
requires the knowledge of the instantaneous acoustic pressure, the instantaneous 
particle velocity and their phase relationship at each point. From a dosimetric 
standpoint, a much improved understanding of near field parameters is necessary, since 
virtually all ultrasound exposures in the healing arts are in the near field. 

Cavitation is the general term used to describe the growth and subsequent dynamic 
behavior of gas bubbles in an ultrasonically irradiated medium. The bubbles, once 
formed, can either remain stable and radially oscillate or continue to grow, become 
unstable and collapse. This collapse type cavitation, sometimes termed transient 
cavitation, produces intense hydrodynamic shearing forces within the vicinity of the 
collapsing bubble which can disrupt the surrounding material. Transient cavitation has 
been reported to occur in central nervous system tissue at very high intensity levels. 

The biophysics of stable cavitation has been. investigated at lower frequencies 
than those utilized in the healing arts. In the event that such pulsating bubbles 
occur adjacent to a cell, the localized vibration of the cell surface results in a 
steady stress field which moves the cellular particles toward the oscillating bubble 
and the particles within the cell would tend to accumulate near the vibrating area. 
Additionally, the particles would be set into steady rotation and move in circular 
paths. Motion pictures have demonstrated the existence of these phenomena in isolated 
cells. 

Because transient cavitation has been reported at much higher ultrasonic 
intensities and stable cavitation has been studied at ultrasonic frequencies much lower 
than those used in the healing arts, the question of whether or not cavitation occurs 
in biological tissue of diagnostic and therapeutic ultrasound is not yet resolved. 

Conclusions and Recommendations 

Four major conclusions can be made about the current status of ultrasound and its 
applications for improved human welfare: 

1. An increase in the number of different applications of both airborne and 
liquid medium borne ultrasound can be expected, with the growth of beneficial 
applications in the healing arts having special emphasis. The apparent 
possibility of less risk than x radiation and the visualization of soft 
tissues make progress in diagnostic ultrasound particularly promising. 

2. With expanding services in ultrasonic diagnosis, the frequency of human 
exposure is increasing with the potential that essentailly the entire 
population may become exposed. 

3. Improved abilities to specify accurately output power of ultrasound devices 
are essential to provide for reproducibility of developed techniques, 
determination of machine performance, and adequate description of exposure 
parameters and dosimetry in biological and biomedical research. 
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4. Biological research and human population studies form a confusing picture of 
potential risk associated with exposure to ultrasound. 

On the basis of these conclusions, recommendations can be made about programs to 
be implemented in the public health interest: 

1. Control programs, international in scope, should be instituted. Control of 
the source is possible, generally in the form of performance standards on 
products to limit stray or leakage radiation, to prevent inadvertent exposure 
of the operator as a result of component failure, and to limit the flux of 
radiation in the primary beam. The degree of control depends on the nature 
of the product. Source control should also include standards for facility 
design and installation. Control of use can be accomplished through train,ing 
and licensure of operators. 

2. A coordinated program of experimental biological research and human epi
demiology should be instituted and expanded. 

3; Techniques and reference standards for measurement of ultrasound should be 
developed and accepted internationally. Careful specification of far field 
parameters and research to determine, and to specify, important near field 
parameters are necessary. 

4. Concepts of absorbed dose, dose distribution, and dose rate should be 
developed in reference to the interaction of ultrasound with biological 
tissues. 

5. A recognized international body, concerned with health and radiation 
protection, should undertake the role of leadership in the field of 
ultrasound. 
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I 

LASER RADIATION: BIOLOGICAL EFFECTS AND PROTECTION CRITERIA 

Introduction 

The rate of development and use of lasers within the past 15 years has been truly 
phenomenal. Lasers are now being used in satellite communication, controlled fusion 
research, isotope enrichment, spectroscopy, surveying, holography, surgery, and 
automatic supermarket checkout systems, to name just a few of the better known 
applications. Because the laser is still in its technologic infancy, there is every 
promise that such beneficial uses will continue to grow and expand. 

Despite the dramatic benefits of technology, it is axiomatic to say that the 
improper use or design of any apparatus can produce undesirable effects. The laser is 
no exception. On the other hand, although technical achievements often move in advance 
of any understanding of hazards, it has been encouraging to witness from the inception, 
the serious attention given to the effect of laser radiation on biological systems (1). 

This brief review of the biological effects associated with laser radiation 
contains some information on the translation of biological data into protection 
criteria and a standard for safe use. Conclusions and recommendations for further 
action are included at the end of the report. 

Biological effects 

Eye 

There has never been any dispute about the fact that the most critical organ in 
terms of vulnerability to laser radiation is the eye. 

The cornea, lens and eye media are largely transparent in the visible region (380 
nm to 7 50 nm). The greater part of visible radiation is absorbed in the melanin 
granules in the retinal pigment epithelium and choroid which underlie the rods and 
cones. Figures 1 and 2 show the percent transmission of various wavelengths of 
radiation through the ocular media and the percent absorption in the retinal pigment 
epithelium and choroid, respectively. These graphs illustrate why the retina is the 
organ at risk with infrared and ultraviolet radiation. 

There appears to be general agreement among persons engaged in biological effects 
research that the physical destruction of biological tissue caused by laser radiation 
may be attributed to thermal, thermoacoustic, or photochemical phenomena. For short 
pulses of the order of l 0- 9 seconds and shorter, there is evidence that nonlinear 
mechanisms, Raman and Brillouin scattering, ultrasonic resonance and acoustic shock 
waves may be brought into play. The precise mechanisms for producing damage under 
these short pulse conditions are not yet fully understood. The millisecond pulses from 
a solid state visible wavelength laser may cause destruction of tissue by thermal 
means, whereas, ocular and skin tissue may be damaged from exposure to ultraviolet and 
blue laser light because of photochemical phenomena. The consensus at the moment seems 
to be that a thermal model describes reasonably well the observed histological damage 
produced by infrared and visible wavelengths for laser pulses down to microsecond 
duration, but that photochemical processes come into play in the blue and ultraviolet 
wavelengths. The thresholds of biological damage appear to be lowest in the blue and 
ultraviolet. Damage mechanisms have been described for acute exposures only; the 
effects of long term chronic exposure to laser radiation are essentially unknown. 

There is considerable support for the theory that several types of damage 
mechanisms exist. The mere stimulation of the photoreceptors caused by an irradiance 
which is only slightly higher than that presented to the eye under normal ambient 
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Figure 1. Percent transmission through ocular media. Percent transmission 
for light of equal intensity through the ocular media of human, monkey 
(rhesus), and rabbit eyes. From Geeraets, W.J. and Berry, E.R., Amer. J. 
Ophthal., 66, 15, 1968. 
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Figure 2. Percent absorption in retinal pigment epithelium and choroid. 
Percent absorption of light of equal intensity at the cornea in the 
retinal pigment epithelium and choroid for rabbits, monkey, and man. 
Redrawn to include correction for reflection from Figure 2 of Geeraets, 
W.J., and Berry, E.R., Amer. J. Ophthal., 66, 15, 1968. 
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conditions may be sufficient to increase cellular activity to the point of failure, 
especially if the irradiance is presented to the eye for an extended period of time. 

The thermal effects caused by laser radiation usually involve the denaturation of 
protein through the absorption of heat. A thermoacoustic effect is produced when the 
incident laser energy is dissipated rapidly to produce waves of pressure, i.e. acoustic 
transients which in turn may dislodge tissue. The photochemical reactions may increase 
or decrease molecular activity through the capture of energy quanta. 

For the most part, work on the biological effects of laser radiation has been 
aimed at the elucidation of photobiological phenomena and the determination of tissue 
damage thresholds. "Damage" has usually been described in terms of changes that are 
grossly apparent or, in the case of the eye, observable with optical instruments such 
as microscopes and oohthalmoscopes. 

Thermal injury generally is considered to be a rate process; therefore, no single 
critical temperature exists at which injury will take place independent of exposure 
tirrie. Also, since the molecules of the melanin granules in the pigment epithelium of 
the retina are relatively large in size, a broad spectral absorption would be expected 
to occur. The monochromatic nature of laser radiation, therefore, would not be 
expected to produce biological effects which are significantly different from those 
produced by radiation exposure to more conventional light sources. Furthermore, the 
coherence of the laser beam is not considered to be a significant factor in producing 
chorioretinal injury or othe biological damage·. 

A retinal injury which occurs in the macula is more serious than one which occurs 
in the paramacula since visual processes are more highly developed in the former. 
Injury to the paramacula region may have only a very minor effect on vision. 
Surprisingly, even in cases where seemingly direct injury to the macula has occurred, 
normal or near normal visual activity apparently has been restored in a matter or 
months. 

Although there are relatively few lasers operating in the ultraviolet, exposures 
to such devices can be a matter of concern. The biological response to UV laser 
radiation is expected to be similar to that produced by noncoherent UV sources. 
Photophobia, tearing, conjunctiva! discharge, surface exfoliation and stromal haze are 
the expected consequences. Damage to the epithelium probably results from 
photochemical denaturation of proteins. In the ultraviolet C (100 nm to 280 nm) and 
ultraviolet B (280 nm to 315 nm) regions, photokeratitis may be produced. 
Photokeratitis usually has a latency period varying from 30 minutes to as long as 24 
hours depending upon the severity of the exposure. A sensation of "sand in the eyes" 
accompanied by various degrees of photophobia, lacrimation and blepharospasm is the 
usual result. In the ultraviolet A region (315 nm to 380 nm) cataracts may be produced 
but only from chronic high level exposures. 

Recent evidence (2) confirms the fact that short wavelength light (0.4416 µ m) 
produces ·retinal burns in primates by means of photochemical rather than thermal 
processes. Also the thresholds of retinal burn were found to be considerably lower for 
irradiation at 0.4416 µ m than for irradiation at 1.064 llm. For example, an 
irradiance 24 • W cm-2 at a temperature of 23° C above the retinal ambient 
produced a threshold lesion in 1,000 seconds using a wavelength of 1.06 µ m (Nd-Y AG 
laser). Using a wavelength of 0.4416 µ m (He-Cd laser), however, required only• 30 mW 
• cm- 2 with a negligible temperature rise to produce a lesion in a 1,000 second 
exposure. The appearance of the lesion induced by the 0.4416 µ m blue light was that 
of a light yellowish patch on the fundus; whereas, the lesion induced by the 1.064 ll m 
radiation had a typical center core "burn" characteristic. Table 1 illustrates 
threshold lesion data for the wavelength range of 0.4416 µ m to 1.064 llm. 
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Table l. Retinal irradiance H
0 

(W cm-2) .:!:. s.d. for threshold lesion as function of wavelength (nm) and exposure duration(s) 

Wa,·clcngth · Exposure duration (s) Transmiltancc 
Laser {nm) 16 100 1,000 en 
Nd-YAG J,064 56.J ±5.3 37.5±4.2 32.5±3.1 24.0:!:3.0 0.76 · 

55• 37° 32° 23• 
He-Ne 632.8 29.9:!:J.4 15.2=:;3.0 8.4::::2.8 5.4:!:2.3 0.93 

49• 2s· 14° 9• 
Ar- { 610 22.0±.1.9 12.3±1.1 8.1:!:l.l S.8±0.3 0.92 
pumped 36° 20· 13• 9.5• 
dye 

580 26.1±4.5 11.S:!::2.4 7.6±0.8 4.0±1.7 0.91 laser 
43° 19' 12.s· 6.6° 

Ar Sl4.S 14.5±3.3 J0.3±2.3 2.2±0.5 0.32±0.1 0.87 
2s· 18° 4• 1· 

Ar 488 9.4±1.2 6.1 ±0.8 0.77±0.2 0.15±.08 ·o.83 . 17• JI" 1· 0.25' 
Ar 457.8 S.1±0.8 3.2±0.6 0.52±0.1 0.06±.02 0.69 

10° 6" 1· 0.1° 
Hc--Cd 441.6 0.91±.03 0.41 ±.02 0.20:J-:.02 0.0)±.01 0.4S 

2· 1· 0.4° o.os· 

Until recently the thresholds for producing retinal lesions as a result of 
irradiation at all visible wavelengths were considered to be of the same order of 

magnitude, i.e., 5-10 Wern- . However, the data of Ham et al. (2) indicate a rather 
steep slope in the action spectrum at approximately 0.460 m and below, particularly at 
exposure durations of 16 seconds or less. Figure 3 illustrates the effect of two 
factors, decreasing wavelength and increasing exposure duration, on an increasing 
retinal sensitivity to laser radiation in the visible wavelengths. It is of 
considerable interest to note that while retinal sensitivity seems to increasse as one 
shifts from the visible through the blue portions of the electromagnetic spectrum, 
there are fewer photons reaching the retina because of absorption in the lens and 
ocular media. Also, as expected, the site of absorption and damage changes from the 
retina to the lens. . 
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Figure 3. Action spectrum of retinal sensitivity to threshold 
damage in the rhesus monkey. Reciprocal of retinal irradi
ance {l/W cm- 2 ) is plotted semi-logarithmically against wave
length (nm) for exposure durations of 1, 16, 100, and 1,000 s. 
Beam diameter on the retina was 500 µm to the l/e2 points of 
the Gaussian distribution. •, ls; 6., 16s; 0, l00s; x, 
l000s. From W.T. Ham et al., Nature, Vol. 260, March 11, 1976. 
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Zuclich (3) has reported the UV induction of cataracts at energy doses that ;:,,rP 

lower than those required to cause corneal damage. The mechanism for inducing corneal 
damage or cataracts is believed to be photochemical; that for the production of 
lenticular cataracts is thought to be thermal in nature. The same investigator reports 
his finding that the cornea must be irradiated at a level tenfold its injury threshold 
in order to produce reversible clouding of the lens. On the other hand, immediate 
cataracts are produced from irradiation by nitrogen lasers operating at 0.3371 JJ m and 
1 J • cm.2. This level of irradiation is reportedly an order of magnitude lower 
than the corneal injury threshold. Also, retinal lesions are produced using 0.3507 
µ m and 0.3564 JJm radiation reportedly at levels an order of magnitude below the 
corneal damage threshold. Therefore, it would appear that the hazard to all eye 
structures is increased as one proceeds into the blue and ultraviolet wavelengths. 
Further, the damage threshold appears to be dependent upon the presence of oxygen in 
that a much higher incident energy is required to produce lesions when the cornea is 
flushed with nitrogen. 

Exposure of Rhesus monkey eyes to ultra short single pulses of 25 to 35 psec from 
an unfocused mode - locked Nd:Y AG laser at 1.064 JJm wavelength resulted in threshold 
injury to the retina at a mean energy of 13 ± 3 JJJ.(4) This compares with a 
threshold value of 68 ± 13 JJ J determined by the same authors for a Q-switched 
Nd:Y AG laser operating with pulse durations in the 9 to 30 nsec range. Therefore, it 
appears that shortening the pulse durations from the nsec to psec range - of three 
orders of magnitude - results in a lowering of retinal injury threshold by a factor of 
approximately 5. The mechanisms of injury appears to be the destruction of the retinal 
pigment epithelium through the combined effect of acoustic and shock wave pressure 
and the extremely high temperature rise in the melanin granules of the pigment epithelium. 

Another study (5) using ultrashort pulse trains from Nd:glass gave much lower 
thresholds of injury than the Ham study: 1. 7 x 10-83 versus 1.3 x 1 o-5J, using similar 
pulse durations. Since the threst10ld of 1.3 x 10-53 (13 µJ) was obtained with single 
pulses rather than pulse trains, this study (5) will be repeated with single pulses. 
These results have complicated the setting of safety standards in that the present 
maximum permissible exposure (MPE) levels are largely based on pulse durations no 
shorter than nanoseconds. 

The recent studies of the effect of ultrashort visible radiation pulses on Rhesus 
monkey eyes have shown that the melanin granules of the retinal pigment epithelium were 
much more severely damaged by the visible radiation than by 1.064 µ m radiation, but 
that the threshold of injury was higher for the visible wavelengths.(6) 

In the future studies . of the biological effects of laser radiation, greater 
attention should be given to techniques which detect functional as well as histologic 
changes in the eye structure. The development of such techniques may have an important 
bearing on the viability of the opthalmoscope as a primary means for determining ocular 
change. Some investigators have already observed irreversible decrements in visual 
performance at exposure levels which are l O percent below the threshold determined by 
observations through an opthalmoscope. McNeer and Jones (7) found that at 50 percent 
of the opthalmoscopically determined threshold, the ERG B wave amplitude was 
irreversibly reduced. Davis and Mautner (8) reported severe changes in the visually 
evoked cortical potential at 25 percent of the opthalmoscopically determined threshold. 
In addition to the problem of determining the true ocualr injury thresholds, there is 
a general deficiency of knowledge concerning the effect of long term chronic exposure 
to laser radiation. 

Skin 

The biological consequences of irradiating the skin with lasers are considered to 
be less than those caused by exposure of the eye, since skin damage is often times 
repairable or reversible. On the other hand, exposure of the skin to high intensity 
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radiation can cause depigmentation, severe burns and possible damage to underlying 
organs. In order to keep the relative eye/skin hazard potential in perspective, one 
must not overlook possible photosensitization of the skin caused by use of drugs or 
.cosmetic materials. In such cases, the permissible exposure limits can be considerably 
below the currently recommended values. 

Ultraviolet radiation in the wavelength region of 0.25 to 0.32 µm appears to be 
particularly injurious to the skin. Exposure to shorter (0. 20 to 0.25 µ m) and longer 
(0.32 to 0.40 i.m) wavelengths is considered less harmful. Because of the structural 
inhomogeneities of the skin any incident radiation will undergo multiple internal 
reflections; however, most radiation will be absorbed in the first 3.5 mm of tissue. 
The shorter wavelengths are absorbed in the outer dead layer of the epidermis (stratum 
corneum), whereas, exposure to the longer wavelengths has a pigment darkening effect. 
Chronic exposure to ultraviolet radiation accelerates skin aging and probably the 
development of skin cancer. 

Exposure Limits 

Eye 

The exposure limits developed by the American National Standards Institute (ANSI) 
(9) seem to have received general acceptance (with modification in certain cases) by 
the U.S. Department of Health, Education, and Welfare (IO) and from international 
standards setting organizations such as the World Health Organization (WHO) (11) and 
the International Electrotechnical Commission (IEC) (12). These limits are shown in 
Tables 2, 3, and 4. Table 2 illustrates the ANSI exposure limits for direct ocular 
exposure (intrabeam viewing) to a laser beam. Table 3 shows the ANSI exposure limits 
for viewing a diffuse reflection of a laser beam or an extended source laser. Table 4 
gives the ANSI exposure limits for skin. 

In the ANSI standard, exposure limits expressed in terms of the radiant exposure 
(J • cm- 2) or irradiance (W • cm- 2) required to produce a minimal lesion, usually a 
retinal lesion which is visible through an ophthalmoscope 24 hours after exposure. All 
of the ANSI criteria are based on acute exposure conditions since very little 
information is available on the long term chronic effects of laser radiation. For this 
reason caution must be exercised in applying such criteria to conditions where long 
term viewing of optical sources is required. On the other hand, the use of the ANSI 
criteria should prove to be satisfactory for the overwhelming majority of practical 
situations where accidental or exposure to laser radiation occurs. Some questions have 
been posed as to whether the so-called "natural aversion response" (the strong tendency 
to blink and look away from a dazzling or extremely bright light source) is truly 
protective under all circumstances. It is speculated that certain persons might be 
able to override the aversion response if sufficiently well motivated, i.e., force 
oneself to stare at the extremely bright laser beam. The aversion response is 
generally thought to occur in a period of 0.1 to 0.25 seconds. In the ANSI Zl36 
standard, a value of 0.25 seconds has been used in calculating the permissible exposure 
limits for lasers operating at visible wavelengths. 

The laser product standard proposed by the Bureau of Radiological Health (BRH) 
( 10) establishes accessible radiation emission limits for different classes of lasers. 
These are shown in Tables 5, 6, 7 and 8. A comparison of the BRH values with the ANSI 
figures will show that the two are identical with the exception of a less conservative 
ANSI limit for visible wavelength radiation. Other small differences exist in the 
specification of aperture size of measuring instruments but these are not discussed 
here. 

The most recent rev1s1ons of the ANSI Zl 36.1 standard and the Threshold Limit 
Values for lasers of the American Conference of Governmental Industrial Hygienists, 
(ACGIH){l3) call for a change in the exposure limits for visible and IR-A laser 
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Table 2. Pennissible exposure levels for direct ocular exposures (intrabeam viewing) from a laser beam 

Wavelength, >. Exposure time, t Perm1ssible Exposure 
(1,m) (s) Level 

ULTRAVIOLET 

0.200 - 0.302 10-2 - 3xl04 3xl0-3 J·cm- 2 

0.303 10-2 - 3x10
4 4xlo- 3 J·cm-? 

0.304 10-2 - 3x10 4 6xl0- 3 J·cm- 2 

0.305 10-2 - 3x10 4 1. Oxlo- 2 J•cm-? 

0.306 10-2 - 3x10 4 1.6~10- 2 J ·r:rr.-2 

0.307 10-2 - 3x10 4 ?.5x]Q-2 ,J. ,,,,,-? 

0.308 10-2 3x:0 4 4.0x]0- 2 ,T • cr.;- 2 

0.309 10-2 3x10 4 6.3zl')-? ,J. <!nt -·· 

0.310 10-2 - 3x10 4 1.0,10-l .T •Cm 
-2 

0.311 10-2 - 3x10 4 l.6•10-l J. !":!:"!-?. 

0.312 10-2 - 3x10 4 2.5•10-l J. r:m-? 

0.313 10-2 - 3x10 4 4 .oxio-1 .J • cr.1 -2 

0.314 10-2 - 3x10
11 6.3x10-l J · cm- 2 

0.315 - 0.400 10-2 103 1 J•cm- 2 

0.315 - O.IIQO 103 - 3x10 4 1•10- 3 W·cm- 2 

... The limiting ap~rture for all permissible exposure levels 
(PEL) for wavelene;ths greater than 0.1 mm and less thnn 1 mm 
1s 1 cm. For all other skin PEL' s and for UV and IR-El, and IR-C 
ocular PEL's the limitinc aperture is 1 mm. For ocular PEL's 
in the visible and near lR, the limiting aperture is 7 mm. 

Wavelength, >. Exposure time, t 
( m) ( s) 

VISIBLE AND NEAR INFRARED 

400 nm to 700 nm 

400 nm to 700 nm 

400 nm to 500 nm 

550 nm to 700 nm 

550 nm to 700 nm 

400 nm to 700 nm 

700 nm to 1059 nm 

700 nm to 1059 nm 

1060 nm to lllQO nm 

1060 nm to 1400 nm 

700 nm to 1400 nm 

FAR Il!FRARED 

1. 4 - 103 

Modification Factors 

CA See P1gure 4 

10-9 to 1. 8xlo-5 

1.8x10-5 to 10 

10 to 104 

10 to Tl 

Tl to 104 

104 to 3x10 4 

10-9 to 1.8x10-5 

l.8x10- 5 to 103 

io-9 to "J>elO-S 

5x10-5 to 10 3 

10 3 to 3x10 4 

10-9 - 10-1 

10-1 - 10 

> 10 

Permissible Expoaurn 
Level 

5•10-7 J·cm- 2 

1.8 (t/,0-t)mJ·crn-2 

10 mJ•cm- 2 

1.8 (tl\'YtimJ,r,m- 2 

-2 10 c
8

mJ•cm 
-, c

8 
µW•cm-c.. 

5 CA X 10-7 J•t:~-2 

1.8 CA(t/0m-l•cm-? 

5•10-6 J·~m- 2 

11r;-; _;, 
9(t/l t)n,.T·cm 

-2 320 CA IJl-/•~m · 

10-2 J•cm-;> 

0.56 '\)"t J•cc,- 2 

0.1 W·cm- 2 

CB 1 for>.= 400 nm to 500 .nm 

CB 10 [0.0l5(X-500 nm)] for>. 

T1 10 s for>.= 400 - 550 nm 

T
1 

= lOxl0[0.0 2 (>.- 55o)J for). 

550 - 770 nm 

550 nm to 700 nm 



Table 3. Pennissible exposure levels for viewing a diffuse reflection of a 
laser beam or an extended source laser 

Wavelength, A Exposure Duration, t Permissible Exposure 
(µm) (s) Level 

LIGHT 

400 nm to 700 nm 10-9 to 10 10 ""\ft J"cm- 2 -sr-1 

400 nm to 550 nm 10 to 104 . -2 -1 
21 J ·cm · sr 

550 nm to 700 nm 10 to Tl 3.83(t/y't}J•cm-2•sr-l. 

550 nm to 700 nm T1 to 104 -2 -1 21 c
8

J.cm •sr . 

400 nm to 700 nm 104 to 3x10 4 2.1 -3 -2 -1 c8 x10 W·cm ·sr 

NEAR INFRARED 

700 nm to 1400 nm 10-9 to 10 10 cA,Jlr-J·cm-2·sr-l 

700 nm to 1400 nm 10 to 10 3 3.83 CA(t/Jt)J•cm-2-sr-1 

700 to 1400 10 3 to 3x10 4 o.64 -2 -1 nm nm CAW-cm • sr 

CA, c8 , and T1 are the same as in footnote to Table 2. 

Table 4. Pennissible exposure levels for skin exposure from a laser beam 

Spectral 
Region 

1N 

Light & 

Infrared A 

Exposure Duration Permissible Exposure 
Wavelength (t) Seconds Level 

200 run to 400 nm 10-3 to 3.10
4 

Same as Table 2 

400 run to 1400 run 10-9 to 10-7 2·10-2 J·cm-2 

II 

II 

10-7 to 10 

4 10 to 3·10 

,.. 4;:- -2 
l.l·v 1, J•cm 

0.2 W•cm -2 

Infrared B&C 1.4 µm to l mm 10-9 to 3•104 
Same as Table 2 

The limiting aperture for permissible exposure levels for wavelengths 
greater than 0.1 mm and less than l mm isl cm. For. all other skin 
permissible exposure levels and for 1N IR-B and IR-C ocular 
permissible exposure levels the limiting aperture isl mm. 
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Table.5. Wavelength-dependent correction factors k1 and 
k2 used in Tables 4, 5, and 6, where tis sampling in
terval in seconds and A is wavelength in nanometers. 
Tables 3 to 6 are taken from FEDERAL REGISTER.40 148 

Wavelength 
k, k, (nml 

250to302.4 1.0 1.0 

>302.4to315 
[ ...... l 

10 -.- 1.0 

>315to400 330.0 1.0 

>40010700 1.0 1.0 

[ .. , .. ] if:t~ 10,100 if· 10,100 <r$_10' 
if: r>10' 1~ , ~ 1- 699 >70010800 10---;.s-

then: k ,= 1.0 t(A - 699) then: k,c 1.01 then:k,=~ 

>800 to 1,060 [ .. , .. ] if: t$_100 if: 100<~10' if: r>10' ,o-,-.. -
t 

>1,060 to 1,400 5.0 then: k,=1.0 then: k,= 100 then: k,c100 

>1,400 to 1,535 1.0 1.0 

r<10·• 

>1,535 to 1,545 
k,;;;-100.0 1.0 
r>10·• 
t,=1.0 

>1,545 to 13,000 1.0 1,0 

Table 6. Limits for accessible radiation from Class I 
lasers; accessible radiation for wavelengths between 
250 and 400 nm must not exceed accessible limits at 
wavelengths between 1,400 and 13,000 nm with k1 and 
k2 equal l and comparable sampling intervals 

Wavelength Emission duration ClaH I - accesslbla 
(nml (sec) emission limits 

>250 
but 

~3.0X 10' 2.4 X 10-•k,k,j' 

<400 >3.0X 10' 8.0 X 10-••k,k,tj 

>1.0 X 10·• to2.0 X 10-• 2.0 X 10·'k,k, j 
>2.0 X ,o·• to 1.0 X 10' 7.0 X 10-•k,k,t"·" j 
>1.0 X 10' to 1.0 X 10' 3.9 X 10-•k,k,i 

>400 >1.0X10' 3.9 X 1Q·'k,k, i 
but 
~1.400 Choose least restrictive 

>1.0 X 10·• to 1.0 X 10' 10k,k,t1/J j cm- 1 Sf' 

>1.0 X 10' to 1.0 X 10' 20k,k, j cm-'s,-• 
>1.0X 10' 2.0 X ,O·'k,k,t i cm·• sr·• 

>1,400 >1.0X 10-•101.0X 10·' 7.9 X 10-•k,k,i 

but >'1.ox 10-•101.ox 10• 4.4 X 10-•k,k, f "j 
~13,000 

>I.OX 10' 7.9X 10-•k,k, tj 

Table 1. Limits for accessible radia
tion from Class II lasers 

Wavelength Emluion duration Class II - Accessible 
1nm) lsecl emis1ion limits 

>400 
but >2.SX 10-' 1.0 X 10-'k,k,t j 

<700 -
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radiation where the exposure duration is greater than 10 seconds. A change was also 
made in the permissible exposure level for skin when exposed to IR-A laser radiation. 
The pertinent amended exposure criteria are presented in Tables 5-11. Figure 4 
provides the correction factors for wavelengths between 700 nm and 1400 nm. In Figure 
the factor is known as correction factor A (CA) but the values are identical to those 
used in the BRH and ANSI criteria. 

If the revised ANSI and ACGIH figures are compared with the comparable BRH values 
one will note that the revised permissible exposure levels are less restrictive in the 
0.4 µ m to 1.4 .JJ m wavelengths than are the BRH values. However, all other values are 
identical. Additional changes (more stringent permissible exposure levels) will 
doubtlessly be made by ANSI in the blue and UV portions of the spectrum at the time of 
the next revision of the 2136 standard. 

Repetitive Pulses 

There is still a degree of uncertainty as to the proper correction factors to 
apply to multiple pulse laser radiation. However, until such time as this question is 
fully resolved ANSI (9) recommends that: 

the exposure to a single pulse in a train be limited to the exposure limits 
recommended for the comparable single pulse time limits; 

the average irradiance for a group of pulses be limited to the permissible 
irradiance for a single pulse which has the same time duration as the entire 
group of pulses; and 

whenever the instantaneous pulse repetition frequency (PRF) exceeds one per 
second for pulsewidths < l 0-5s, the maxiumum permissible exposure (MPE) limit 
should be multiplied by the correctfon factor given in Figure 5. 

Protection Guidelines 

A key approach to a laser control program is the proper classification of lasers 
in accordance with their potential hazard. The classification schemes which have been 
found to be generally acceptable are those developed by ANSI (9) and the Bureau of 
Radiological Health (10) in the U.S.A • The provisions of the classification schemes 
for both ANSI and BRH are similar: 

Class 1: Laser systems that are considered to be incapable of producing damaging 
radiation levels and are thereby exempt from control measures or other forms of 
surveillance. This is a no risk category. 

Table 8. Limits for accessible radia
tion from Class III lasers 

Wavelength Emission duration Class Ill - accessible 
lnml lsecl emission limits 

>250 9.5x 10-• 3.s x ,o• k,kJ but 
$400 >2.5 X 10-' 1.5X 10-'k,k,tj 

>1.0X 10-•to2.5X 10-• tOk,k,t"., j cm·1 

>400 
but to a maximum value of 
$1,400 10jcm-• 

>2.5X 10-' 5.0 X 10-'tj 

>1,400 >1.0X 10·•101.0X10' 10jcm·• 
but 
:513,000 >1.0X10' 5.0X 10-'tJ 
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Table 9. Threshold limit values for direct ocular exposures 
(intrabeam viewing) from a laser beam 

Ligh\ 

IR,A 

Spectral 
Rt-gion W11vt'lenglh5 

400 nm to 700 nm 
400 nm to iOO nm 
400 nm to 54!) nm 
550 nm lo iOO nm 
550 nm lo 700 nm 
400 nm lo iOO nm 
700 nm lo 105!) nm 
700 nm lo 105!) nm 
IO(j() nm to 1400 nm 
IOGO nm lo HOO nm 
700 nm to 1400 nm 

Exposure Dur11lion 
(t) in S<-conds 

10-• to 1.8 X 10-• 
1.8 X 10-1 lo 10 
10 to 10' 
10 toT1 
T1 to 10' 
10' to 3 X 10' 
10-• lo 1.8 X 10-1 

1.8 X 10-1 to 101 

10-• to 10-' 
10-• to 10' 
101 lo 3 X 10' 

Tl,V 

5 X 10-'.J • cm-• 
l.S (l/ ~) mJ,cm--t 
10 mJ• cm-·• 
1.8 (t/ ~) mJ,cm-• 
10 Cs m.1 • cm-• 
Cs ,.W,crn-1 

5 CA X 10-' J • cm-• 
1.8 CA (t/ -!/T)'mJ • cm-• 
5 X 10--1 J • cm-1 

O(t/ ~ mJ•c1n-• 
320 C.c ,.W,cm-• 

CA - Stt ,.,_ft.Mr TLV li•ting. 
C, - I lor l. - 400 10 S!.O nm; C, - 10 10.015 0.-MO)J lor l. - 550 lo 700 nm. 
Ta-10 1 lor l.-400 lo MO nm; T,-I0XI0 p.cn ll.-UOII lor l. - 650 lo 700 nm. 

Table 10. Threshold limit values for viewing a diffuse reflec
tion of a laser beam or an extended source laser 

IR-A 

Spectral 
Rl'gion 

•1110 nm t.o 7110 nm 
400 nm to 5-l!J 11111 

550 nm to 700 nm 
550 nm to 700 nm 
400 nm to 700 nm 
700 nm to 1-100 nm 
700 nm to MOO nm 
700 nm lo 1400 nm 

l•:~1><m1rc Duration 
(I) in St,contls TLV 

10-• to IO 111 VL J • rm-•• er• 
10 to 10' 21 J • cm-•• ar1 

10 to '1'1 3.83 (t./ {IT°) J • cm-•• er• 
T 1 to 10' 21/Cs J • cm-•• sr1 

10' to 3 X 10' :!.1/C,, X 10-:1 W • cm-•• a·r• 
10-• lo 10 10 CA v-f" J • cem-•• ar• 
IO tu 101 ~1.113 CA (t/ {IT) J • cm-•• er-1 

101 to 3 X 10' 11.0~ C.c W • cm-•• ar• 

C.c, C,, and T 1 are lhe oamc ~ in footnote lo Table 10. 

Table 11. Threshold limit values for exposure of skin to laser 

Spectral 
Rl'gion 

l,ii;ht & 
lit-A 

W11vclrngths 

•1110 nm lo 1-100 nm 
• • 
• • 

Exposure Dur11llo11 
(t) in Seconds 

10-• to 10-• 
10-1 to 10 
10 to 3X 10' 

TLV 

2 CA X 10-• J • cm-• 
I.I C.c {IT J. cm-• 
0.2 CA W • cm-• 

C.c - 1.0 for l - 400-700 nm; IN! Fiiturc 14..,., Tl,V li,1 lor grra\rr wavrlrnglh nluN. 
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Figure 4. Correction factors for laser wavelengths (eye). 
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Figure 5. Correction factor for repetitively pulsed 
lasers having pulse durations less than 10-s second. 
Maximum permissible exposure level for a single pulse 
of the pulse train is multiplied by the above correc
tion factor. Correction factor for PRF greater than 
1000 Hz is 0.06. 
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Class 2: Visible wavelength laser systems that have a low hazard potential because of 
the expected aversion response. There is· some· possiblity of injury if stared at for 
long periods of time. BRH requires the manufacturer to affix to the device a label 
which cautions the user not to stare at the beam. This is a low risk category. 

Class 3: Laser systems where intrabeam viewing of the direct beam or specular 
reflec1Tons of the beam may be hazardous. This is a moderate risk category.· 
This class may be further subdivided into 3a and 3b, wher,e class 3a is considered to be 
hazardous only where the laser output beam is collected and focused by optical 
instruments. A label which cautions the user not to stare into the beam or view the 
direct beam with optical instruments will be required by BRH. 

Class 4: Laser systems whose direct or diffusely reflected radiation may be hazardous, 
and where the beam may constitute a fire hazard. Class 4 systems (high power systems) 
require the use of controls which prevent exposure of the eye and skin to the direct or 
diffusely reflected beam and the wording of the cautionary label should reflect that 
concern. This is a high risk category. · 

When one considers the capacity of some laser systems for producing personal 
injury, it becomes absolutely mandatory to assign only well-informed and motivated 
persons to carry out the laser safety program. 

Laser Devices Hazard Classification Definitions 

Class 1: Non-Risk Laser Devices - Any laser, or laser system containing such a laser, 
that cannot emit laser radiation levels in. excess of specified exempt values of 
accessible radiant power or energy for a given exposure duration. The exemption from 
hazard controls for this class applies strictly to the emitted laser radiation hazard 
and not to other potential hazards. The term for exempt accessible radiant power is 
P exempt; that for exempt accessi~le radiant energy is Qexempt· The terms P exempt and 
Qexempt apply to the longest conceivable duration of exposure (exposure timeJ in a 
"worst case" situation or condition. P exempt and Qexe pt are each a product of the 
intrabeam exposure limit (Table 2) and the area of t~ appropriate aperture. The 
appropriate aperture (opening) for visible wavelengths is Trd2/4 square centimeters, 
where d is equal to 0.7 cm, the diameter of the fully dilated pupil (worst case 
exposure condition). 

For those cases where the laser is not a point source (e.g., laser diodes arrays), 
P exempt and Qexempt are defined as those_ radiant power levels and radiant energy levels 
that do not exceed the extended source exposure limits (Table 3) when the source is 
viewed at the expected minimum, viewing distance through an 0.7 cm exit aperture after 
the radiation has been collected by an 8 cm entrance aperature. 

Class 2: Low Power Visible Laser Devices (Low Risk) 

(a) Visible (400 nm to 700 nm) CW laser devices. Those devices which can emit 
accessible radiant power exceeding P exempt for the classification duration (0.4 µW for 
the maximum expected exposure time greater than 0.25 s) but not exceeding 1 mW. 

(b) Visible (400 nm to 700 nm) scanning laser systems. These systems may be evaluated 
by specifying at a point 10 cm from the point of emitted radiation. All repetitively 
pulsed laser devices and scanning systems are considered to be low risk if they do 
exceed P exempt for a 0.25 s exposure. 

72 



Class 3: Medium-Power Laser Devices (Moderate Risk) 

(a) Infrared (1.4 µ m to 1 mm) and Ultraviolet (200 nm to 400 nm) laser devices. All 
such devices ·which can emit a radiant power in excess of the exempt quantity Pexempt 
for the classification duration, but cannot emit: (1) an average radiant power m 
excess -of 0.5 W for the maximum exposure time greater than 0.25 s, or (2) a radiant 
exposure of 10 J • cm-2 within an exposure duration of 0.25 s or less. 

(b) Visible (400 nm to 700 nm) CW or Repetitively-Pulsed Laser Devices. All such 
devices which produce a radiant power in excess of the exempt power P exempt for an 0.25 
s exposure (1 mW for a CW laser), but cannot emit an average radiant power of 0.5 W for 
the maximum actual exposure time which exceeds 0.25 s. 

(c) Visible and Near-infrared (400 nm -1400 nm) Pulsed Laser Devices. All such 
devices which can emit a radiant energy in excess of the exempt value, Qexempt but 
which cannot emit a radiant exposure that exceeds either 10 J cm- 2 or that required to 
produce a hazardous diffuse reflection. (Table 3.) 

(d) Near-infrared (700 nm -1400 nm) CW Laser Devices or Repetitively Pulsed Laser 
Devices. All such devices which can emit power in excess of the exempt quantity 
P exempt for the classification duration, but cannot emit an average power of 0. 5 W or 
greater for periods in excess of 0.25 s. 

Class 4: High Power Laser Devices (High Risk) 

(a) Ultraviolet (200 nm - 400 nm) and Infrared (1.4 µ m - 1 mm) Laser Devices. All 
such devices which emit an average power in excess of 0.5 W for periods greater than 
0.25 s, or a radiant exposure of l 0 J • cm- 2 within an exposure duration of 0.25 s or 
less. · 

(b) Visible (400 nm - 700 nm) and Near-Infrared (700 nm - 1400 nm) Laser Devices. All 
such devices which emit an average power of 0.5 W or more for periods greater than 0.25 
s or, a radiant exposure in excess of either 10 J cm- 2 or that required to exceed the 
hazardous diffuse reflection values (3.14 times the radiance values) given in Table 3. 

Any laser device can revert to a lower risk classification by virtue of enclosure, 
but warning labels must indicate that a higher risk is encountered when access panels 
are removed. 

An early consideration in the development of laser safety programs, is the need 
for periodic eye and skin examinations for persons working with lasers. Until 
recently, the consensus seemed to be that eye examinations coupled with fundus 
photographs should be done on a semi-annual basis. As experience has been gained with 
the eye examination protocol and with protective programs, the consensus now is that an 
initial eye examination upon entrance to work and a second examination upon termination 
of work should suffice for protective purposes but only if a strong safety program has 
been instituted. This protocol should be supplemented with immediate eye examinations 
should emergency conditions arise. The recommendation of ANSI is that workers should 
receive eye examinations at approximately three year intervals. Another key 
consideration in protection programs is the preparation of written policies and 
practices outlining the responsiblity of management, technical supervision, industrial 
hygiene, safety, and medical personnel. To the extent feasible, the policies and 
practices should be written and agreed upon before laser operations commence. Primary 
reliance must be placed on supervisory personnel for the safe conduct of laser 
operations and the preference for engineering controls rather than personal protective 
equipment in achieving goals. It is essential that only properly qualified persons be 
placed in charge of laser operations. 
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Conclusions and Recommendations 

1. The steady growth in the number and complexity of laser devices makes it quite 
probable that an increasing number of scientific personnel will . be exposed to laser 
radiation in the years ahead. More importantly, from a public health standpoint, is 
the increasing number of practical laser applications now reaching the public, a 
situation which warrants close surveillance. Although it is to be expected that the 
use of lasers in the public domain will involve low power devices which are well 
constructed from a safety standpoint, it is now more crucial than ever to understand 
underlying bioeffects of laser radiation, particlularly the effects of long term 
chronic viewing of low level laser radiation. 

2. The acute threshold data upon which the present protection guidelines are based, 
(e.g. retinal lesions) are clearly insufficient for any understanding of failure in 
visual function at levels lower than those required for a visible lesion on the retina. 
Investigations are still needed to define mechanisms of functional impairment b~fore a 
thermally induced lesion is produced. 

3. Research into the biophysical mechanisms which cause lowering in the retinal 
injury threshold because of repetitive pulse trains deserve immediate attention. Data 

· on the effect of extremely short pulses are beginning to be collected but are still 
inadequate. Our knowledge in this area is sparse at a time when laser pulsing and 
scanning modes are becoming extremely popular. 

4. Although evidence has been gathered to support the theory that photochemical 
effects account for the lowered retinal injury threshold in the blue wavelengths, a 
fundamental understanding of the damage mechanism is lacking. 

5. Certain new ·systems lase at wavelengths which have not been evaluated from a 
bioeffects standpoint. This should be promptly remedied. 

6. The need for cooperation on an international scale to improve experimental 
designs, and exposure measurement techniques, is self-evident. 

7. The need for international cooperation in establishing laser protection standards 
is already apparent. 
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