SECTION X



Various ond manifold is the harvest of diseases reaped by certain
workers from the crofts and trades that they pursve; aofl the profit
that they gel is fatal injury to their hedlth. .. .mostly, from two
cavses. The first and most potent is the harmful character of the
moterials tha! they handle. . .the second couse ] ascribe o certain
violent and irreguior motions ond ounnalural postures of the body,
by reason of which the ratural shructure of the vital machine is 30
impaired thot serious diseases gradually develop therefrom.
—Ramazzini
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PHYSICAL HAZARDS

The properties, biological effects, and health hazards associated with
physical agents are discussed in this chapter. A physical agent can be
defined as an entity without substance (i.e., with minimal matter), yet
capable of affecting the biological mechanisms of an exposed worker.
The hazards considered are those associated with exposure to the fol-
lowing agents, which will be grouped into three classes for discussion.
RADIATION: ionizing radiation and nonionizing radiation, including

ultraviolet, visible, infrared, microwave, radio frequency, and laser.

ATMOSPHERIC VARIATIONS: heat, cold, air pressure.
OSCILLATORY VIBRATIONS: noise, vibration.

Some of these agents are encountered only in specific occupational
situations while others may be present in a number of working environ-
ments.

RADIATION

Eugene Moss, William Murray, Wordie Parr, Ph.D.
and David Conover, Ph.D.

Radiation is energy which is emitted, transmitted, or absorbed in
wave, or energetic particle, form. One can think of the wave as the
disturbance that transfers energy progressively from one point to another
point in 2 medium.

The electromagnetic {EM) waves consist of electric and magnetic
forces. When these forces are disturbed, EM radiation results. The
known EM radiations are grouped into a spectrum according to their
frequency and/or wavelength (Table 7). The spectrum consists of a
continuum of radiation ranging from below radio frequencies to above
ionizing; it includes microwave, infrared, visible, and ultraviolet radia-
tion. Although no range of radiation is sharply delineated from another
and, in fact, the ranges often overlap, it is convenient to separate these
ranges into the above groups because of the physical and biological
effects associated with each radiation type.

The range of biological effects of exposure within the EM spectrum
is extremely broad and diverse. This is further emphasized by noting the
frequency bandwidth covered by the spectrum. Table 7 indicates the band
width to encompass at least 107 but, in fact, it extends to a factor of
10** Hz. The amount of energy absorbed by the worker varies consid-
erably over this range. The safety, health, evaluation, and control prob-
lems associated with such a range of magnitudes are great. No other
area in human research has a similar wide range of the hazards that
need to be considered, classified, and regulated.
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IONIZING RADIATION

Ionizing radiation has always been a part of man’s natural environ-
ment, and since the discovery of X-rays and radioactivity, it has become
a part of the industrial environment of many workers. The different
types of ionizing radiation vary in their penetrative powers as well as in
the number of jons they produce in traversing matter. The latter is
important in that biological effects vary with ion density (the number of
ions produced per unit length of track).

Tonizing radiations are produced naturally by the decay of radioactive
elements or artificially by such devices as X-ray machines and high energy
accelerators. A radioactive nucleus is one that spontaneously changes
to a lower energy state, emitting particles and often gamma rays in the
process. The particles commonly emitted are alpha particles and beta
particles. High energy accelerators can produce all of the above particles
plus protons, neutrons, and X-rays. The following sections describe some
of the more commonly encountered types of ionizing radiation.

Alpha particles, which interact readily with matter to produce ions,
usually have energies of from 4 to 8 million electron volts (Mev). They
travel a few centimeters in air and up to 60 microns into tissue. The
high energy and short path result in a dense tract of ionization along the
path of the particles, which produces serious biologic damage in the
tissues with which the particles interact. Alpha particles will not penetrate
the stratum corneum of the skin and thus are not an external hazard;
but if alpha-emitting elements are taken into the body by inhalation or
ingestion, serious internal exposure problems may result.

Beta particles interact much less readily with matter than do alpha
particles and will travel up to a few centimeters into tissue or many meters
in air. Exposure to external sources of beta particles is potentially haz-
ardous, but exposure internally is more hazardous.

Protons with energies of a few Mev are produced by high-energy
accelerators and are quite effective in producing tissue jonization. The
path length of a proton is somewhat longer than the path of an alpha
particle of equivalent energy.

Gamma rays and X-rays are electromagnetic radiations with similar
properties. X-rays, in general, have longer wave lengths, lower frequen-
cies, and, therefore, lower energies than gamma rays. Gamma rays are
produced by nuclear processes, while X-rays may result from the elec-
tronic structure of the atoms or from the slowing down of high-speed
electrons. X-rays and gamma rays are primarily an external hazard and
their biologic effects are better known than those of any of the other
ionizing radiations. Examples of gamma emitters used in industry are
cobalt-60, cesium-137, and iridium-192. X-rays may also be encountered
during the manufacture and use of electronic tubes and electron micro-
scopes.

Neutrons have about the same mass as protons, but react much
differently since they are electrically neutral, These uncharged nuclear
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particles upon collision with matter may cause the release of all the
above types of ionizing radiation. Neutrons can be produced up to sev-
eral Mev by reactors, accelerators, or certain beryllium-enriched sources.

ROUTES OF ENTRY

The conditions presented by external radiation sources are entirely
different from those presented by internal radiation sources which have
been deposited in the body, with their attendant continuous irradiation of
cells and tissue.

Entry of radiation sources into the body during occupational expo-
sures is principally from breathing air containing particulate or gaseous
radionuclides, although ingestion and skin absorption can be important.

Implantation under the skin may occur as the result of accidental
skin puncture or laceration. Once inside the body, radionuclides are
absorbed, metabolized, and distributed throughout the tissues and organs
according to the chemical properties of the elements and compounds in
which they exist. Their effects on organs or tissues depend on the type
and energy of the radiation and residence time.

The effect from external radiation sources depends on the penetrat-
ing ability of the particular radiation. Thus, alpha radiation is of no
concern externally, and beta is stopped in the outer tissues, the depth
depending on energy. Very low energy X- or gamma radiation is attenu-
ated quite rapidly.

HARMFUL EFFECTS

The early experience of radiation workers (including various nuclear
accidents, exposure of radium dial-painters, casualties from atomic bomb
explosions) and data from research projects provide clear evidence that
high levels of ionizing radiation definitely create somatic damage and
may induce genetic damage. The occupational somatic effects include
radiodermatitis, epilation, acute radiation syndrome, cancer, leukemia,
cataracts, sterility, and life span shortening. The genetic effects resulting
from occupational exposures are to a great extent still unknown. More-
over, it is important to remember that a mutation produced by radiation
is similar to one effected by a mutagenic chemical or to one occurring
spontaneously.

In general, the sequence of events following radiation exposure may
be classified into three major periods. The first period is the latent period,
defined as the time lapse between the initial radiation event and the first
detectable effect. Since the latent period can range from days to years,
it is often divided into short-term (days or weeks) and long-term (months
or years) effects. The second period, the period of demonstrable effects,
occurs immediately after the latent period and is that time period when
certain discrete biological effects can be observed. The final period is the
recovery period.

The effects from occupational exposure to ionizing radiation are
usually localized, leading to erythema or radiodermatitis. An acute radi-
ation syndrome (ARS) episode occurs very rarely. An episode of this
type involves whole body exposure exceeding 100 roentgens given in a
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very short time.

Initial symptoms of ARS are nausea, vomiting, diarrhea, weakness,
and shock. Following a latent period of 2 to 14 days, symptoms of fever
and malaise occur. During this same period of time, hemorrhagic lesions
of the skin often appear, and by the third week, epilation occurs. Painful
ulceration, both internal and external, may appear over the whole body
and bloody diarrhea may occur. Death may result from severe bone
marrow depression if the radiation exposure level is high. The patient
is also susceptible to infection of many types.

Among the long term effects are an increased incidence of carci-
noma, as noted in the radium dial painters and uranium miners; the
embryological effects, as noted in pregnant working women; the cataracto-
genic effects, as seen in certain radiologists and nuclear physicists; and
shortening of the life span.

Overexposure of a worker to either an external or internal source
of radiation creates a medical emergency. In serious situations involving
a release of radioactive material, the degree of contamination must be
determined before the individual can be admitted to a hospital. A much
more detailed discussion of the medical aspects of radiation accidents is
available in the volume by Saenger (1963) listed in the bibliography that
follows.

POTENTIAL OCCUPATIONAL EXPOSURES

With the widespread use of radioactive isotopes in industry and the
increasing use of X-ray sources, ionizing radiation exposures may occur
in a wide variety of occupations, The following examples show the
diversity of occupations potentially exposed to ionizing radiation.

Aircraft workers

Atomic energy plant workers
Biologists

Cathode ray tube makers
Ceramic workers

Chemists

Dental Assistants

Dentists

Dermatologists

Drug makers

Drug sterilizers

Electron microscope makers
Electron microscopists
Electrostatic eliminator operators
Embalmers

Fire alarm makers

Food preservers

Food sterilizers

Gas mantle makers

High voltage television repairmen
High voltage vacuum tube makers
High voltage vacuum tube users
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Industrial fluoroscope operators

Industrial radiographers

Inspectors using, and workers in
proximity to, sealed gamma ray
sources {cesium-137, cobalt-60,
and iridium-192)

Klystron tube operators

Liquid level gage operators

Luminous dizl painters

Machinists, fabricated metal product

Military personnel

Nurses

Oil well loggers

Ore assayers

Pathologists

Petroleum refinery workers

Physicians

Physicists

Pipeline oil flow testers

Pipeline weld radiographers

Plasma torch operators

Plastic technicians

Prospectors

Radar tube makers

Radiologists

Radium laboratory workers

Radium refinery workers

Research workers

Television tube makers

Thickness gage operators

Thorium-aluminum alloy workers

Thorium-magnesium alloy workers

Thorium ore producers

Tile glazers

Uranium dye workers

Uranium mill workers

Uranium miners

Veterinarians

X-ray aides

X-ray diffraction apparatus operators

X-ray technicians

X-ray tube makers
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ULTRAVIOLET RADIATION

Ultraviolet (UV) radiation is an invisible radiant energy produced
naturaily by the sun and artificially by arcs operating at high temperatures.
Artificial sources commonly found in industry are germicidal and black-
light Jamps, carbon arcs, welding and cutting torches, electric arc furnaces,
and laboratory equipment.

Since the eyes and skin readily absorb UV radiation, they are par-
ticularly vulnerable to injury. The severity of radiation injury depends
on factors which include exposure time, intensity of the radiation source,
distance from the source, wavelength, sensitivity of the individual, and
presence of sensitizing agents.

HARMFUL EFFECTS

Sunburn (erythema) is a common example of the effect of UV radia-
tion on the skin. Repeated UV exposure of lightly pigmented individuals
may result in actinic skin — a dry, brown, inelastic, wrinkled skin. There
are telangiectases on the forehead, and meck movements produce lines
on the nape in an angular pattern. Actinic skin is not harmful in itself,
but it is a warning that conditions such as senile keratosis, squamous cell
epithelioma, and basal cell epithelioma may develop.

Since UV radiation is not visible, the worker may not be aware of
the danger at the time of exposure. Absorption of the radiation by the
mucous membranes of the eye and eyelids can cause conjunctivitis {com-
monly known as “ground glass eyeball” or “welder’s flash”). Lesions
may also be formed on the cornea at high exposure levels (photokeratitis).
Such injuries usually manifest themselves 6 to 12 hours after exposure.
The injuries may be very painful and incapacitating, but impairment is
vsually temporary.
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Photosensitizing agents have action spectra which are frequently in
the ultraviolet range (Table B). Some drugs and many plants, including
figs, limes, parsnips, and pink-rot celery, carry photosensitizing chemicals
believed to be furocoumarins and psoralens. Symptoms upon contact are
those of an exaggerated sunburn with blisters frequently present. The
most important industrial photosensitizer is coal tar which has an action
spectrum in the visible range,

Ultraviolet light can also act in & nonspecific manner in the produc-
tion of herpes simplex and chronic discoid lupus erythematosus,

PERSONAL PROTECTIVE METHODS

Protective measures are essential for workers exposed to high-in-
tensity UV sources. Goggles, face shields, and masks provide protection
for the eyes; protective clothing and barrier creams minimize skin ex-
posure. Shiny metal surfaces reflect UV radiation and, when possible,
should be removed from the work area. Reflections from lamp housings,
walls, ceilings, and other surfaces should be reduced by coating these
surfaces with a pigmented paint of low UV reflectance. Operations that
produce high levels of UV should be placed behind enclosures to ab-
sorb the radiation and shield nearby workers from exposure,

POTENTIAL OCCUPATIONAL EXPOSURES

UV radiation exposure is generally present wherever occupations
involve sunlamps, the outdoor sun, welding arcs, plasma torches, lasers,
laboratory research, printing processes, drying and curing processes, non-
destructive testing, environmental test chambers, medical devices and
materials, and chemical processing and manufacturing. Occupations
associated with potential UV radiation exposure include the following:

Agricultural workers
Bacteriologists

Bath attendants
Beauty salon workers
Brick masons
Cattlemen

Chemists
Construction workers
Dentists

Farmers

Fishermen

Food irradiators
Gardeners

Graphic illustrators
Greenskeepers
Horticultural workers
Laboratory workers
Lamp testers
Landscapers
Lifeguards
Lithographers

Lumberjacks
Maintenance workers
Meat curers

Metal casting inspectors
Microscopists

Military personnel
Movie projectionists
Nurses

Qilfield workers

Open pit-miners
Opticians

Optometrists

QOutdoor maintenance workers
Paint and color testers
Paint curers

Physicians

Physicists

Physiological optics workers
Photo-bacteriologists
Phototherapy technicians
Pipeline workers
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Table 8. Some examples of action spectra of normal
and abnormal reactions in man.*

Wavelength Range Maximum Reaction

Condition (nm) {nm)
Normal sunburn 290-320 297-307
Artificial light sources 250-320 250
Melanin pigmentation 290-320 290-310
320-480
Vitamin D production 290-310 290
Hyperbilirubinemia Blue visible 440-470
of prematurity spectrum
UYV carcinogenesis 290-320 290-310
Solar urticaria 290-320 varying
320-400
400-600
Porphyria photosensitivity 380-600 400-410
Xeroderma pigmentosum 290-340 293-307
Polymorphic photodermatitis 290-320 290-320
320-400
Lupus erythematosus (LE) 290-320
and discoid LE
Solar (actinic) degeneration 290-400 ?
Photoaliergic reactions to 320-380 330-360
halogenated salicylanilides
and other related compounds
Phototoxic reactions to drugs 320-400 320-400
290-320
Psoralens (8-methoxy- 320-380 330-360
and trimethylpsoralen)

*Used with permission from Sunlight and Man. T. B. Fitzpatrick et al., eds. Tabke
4. University of Tokyo Press, Tokyo, Japan.
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Plasma torch operators Space simulator workers

Plastic curers Sportsmen

Policemen (including crossing guards) Surveyors

Postmen Textile inspectors

Printers Tissue culture workers

Production workers in chemical Tobacco irradiators
processing Vitamin D synthesis workers

Railroad track workers Welders

Road workers Welder foremen

Seamen Wood curers

Ski instructors

VISIBLE RADIATION

Visible radiation, or light, from either the sun or artificial sources,
is probably one of the more important occupational health considerations
because of its major role in our daily life. Only within the last few years
have investigators begun to discover various subtle physiological and
biochemical responses to light.

Several human systems respond directly or indirectly to visible radi-
ation. A direct effect has been defined as a chemical change in the com-
position of a tissue resulting from the absorption of light energy within
the tissue. Because few direct effects of light have been documented, light
is not considered a major occupational health hazard.

Indirect effects of light, however, can occur — not from absorption
of light energy in tissues — but from the action of chemical signals
liberated by cells in the body. Examples of this relationship of light to
biological rhythms, include physical activity, sleep, food consumption, etc.
Another well-known indirect effect is the inhibition of melatonin synthesis
by the pineal gland which in turn affects maturation and activity of the
sex gland. The various known classifications of abnormal biological re-
actions to light are shown in Table 9.

HARMFUL EFFECTS

One of the controversial issues associated with visible radiation is
the effect of illumination on job performance. The concept exists that
the levels of illumination and source luminance routinely encountered in
interior working environments may constitute some type of an ocular
health hazard. Studies on humans gazing at the sun and on rats and
mice under common interior lighting intensities have produced evidence
to indicate a hazard; these studies, however, have not been considered
conclusive and the results have been disputed.

At the 1974 NIOSH symposium on illumination, several conclusions
were agreed upon:

1) High levels of lighting can cause damage to the eye, i.e., retinal or
macular degeneration.

2) Poor lighting conditions can cause zesthenopia .
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3) With the possible exception of miner’s nystagmus, such organic dis-
eases as glaucoma, cataracts, and retinal degeneration do not result
from exposure to low levels of illumination.

The consensus seemed to be that if there is sufficient illumination to
perform a task reasonably well, then there is sufficient light to meet the
safety criteria.

Although the etiology of asthenopia (eye strain) is debatable, it
appears that repeated occurrences probably do not lead to any permanent
eye damage. Workers over 40 years of age will probably encounter
more symptoms of asthenopia (headache, tired eyes, irritation) since they
require more light to perform a similar job than younger workers.

POTENTIAL OCCUPATIONAL EXPOSURES

Virtually all occupations offer exposure to the potential hazards of
defective illumination. Some occupations, however, require unusually
close, fine work and attention to detail for many hours a day. Some of
these occupations are:

Draftsmen Jewelers
Electronic equipment assemblers Quality control inspectors
Engravers Watchmakers

INFRARED RADIATION

All objects having temperatures above absolute zero emit infrared
radiation (IR) as a function of temperature. In biological systems the
major insult of IR occurs as a result of a rise in temperature of the
absorbing tissue.

The physical factors associated with temperature rise are the wave-
length, heat conduction parameters, exposure time, and total amount of
energy delivered to the exposed tissue. Since IR photons are low in
energy, they probably do not enter into photochemical reactions with
biological systems. Molecular interaction with radiation in the IR regions
are characterized by various vibrational-rotational transitions resulting in
an increase in thermal energy of the molecule.

HARMFUL EFFECTS

Since the primary effect of IR on biological tissues is thermal, the
skin provides its own warning mechanism by having a pain threshold
below that of the burn threshold.

In the eye, however, there is no adequate warning mechanism to
protect against lenticular damage. Cataracts may be produced by pro-
longed exposure to wavelengths at energy levels that do not normally
burn the skin, The classic ocular effect observed after many years of
IR exposure is a posterior cataract, sometimes called glassblower’s or
furnaceman’s cataract. This type of cataract has a lengthy latent period
(10 to 15 years) in individuals chronically exposed to IR which has made
it difficult to determine threshold values.
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The present etiology of IR-induced cataracts is thought to be directly
correlated with the amount of energy initially absorbed by the iris and
then transferred to the lens. The threat of cataract formation is primarily
from wavelengths below 1400 nanometers. Longer wavelengths may
produce comneal damage, the difference being due to the site of energy
absorption.

The primary biological effect of IR on the retina and choroid is
thermal in nature, with the amount of damage being proportionate to the
length of exposure. If the radiation intensity is low enough, however, the
normal retinal blood flow may be sufficient to dissipate any heat gener-
ated. Nevertheless, due to the focusing effect of the anterior ocular com-
ponents, small amounts of IR radiation can produce a relatively intense
point energy distribution on the retina resulting in a lesion. The effects of
IR on the lid and cornea can be considered as ordinary cutaneous burns.

POTENTIAL OCCUPATIONAL EXPOSURES

A wide range of IR wavelengths representing large variations in
temperature is encountered in many industries from direct (lamps) and
indirect (heat) sources. Occupations potentially associated with infrared
radiation exposures include the following:

Bakers Glass furnace workers
Blacksmiths Heat treaters

Braziers Iron workers

Chemists Kiln operators

Cioth inspectors Laser operators

Cooks Motion picture machine operators
Dryers, lacquer Plasma torch operators
Electricians Skimmers, glass
Firemen, stationary Solderers

Foundry workers Steel mill workers
Fumnace workers Stokers

Gas mantle hardeners Welders

Glass blowers

MICROWAVE[RADIOFREQUENCY RADIATION

Various estimates have been made of the number of workers poten-
tially exposed to microwave/radio frequency (RF) radiation sources in in-
dustry, including one estimate of approximately 21 million workers at
risk (See Reference 110). Obviously, not every worker in every job is
exposed to hazardous microwave/RF radiation levels, but an exposure
of even 25 percent of the workers potentially at risk would still present
a significant target population. Because of the size of this potentially
exposed group at work, the continuing expansion of microwave use in
industry, and the lack of widely known bioeffects data, a list of refer-
ences is offered in citations to the material presented. Also the following



OCCUPATIONAL DISEASES

480

xapduns sadisy

WnaJoudA
vwonuedoydwiy SNOTSJu]
wide[[ad {J0jJonysem] [euonLInN
R ERCETNILER]
-RIJUOD [BIO
[oyoo[e ‘UWIAINJOISLIZ
‘[0131S3qQ[1IS “UIA[NF ‘aurdiasai
~0asud ‘suadonss ‘QUIZB[BIPAY aseasip
‘audZUIqOIO[Ie ‘saplliBUOIINS WOJ] Jo uogonpul
-X3y wolj euAydsod snsojewrayfie sndng [eonway)
s1313[[eoloyd
SEnIp [elo pue [esrdo], R EMIEE ]
synewlspojoydolsyd axoyoroyd
sdnup [eso pue [edrdo], ‘[eoTwRyD)
(¢ yeuunuolyjduayg
JWOIPUAS S,W00]Y
ASBIASIP ANNYM~IaLIB(]
odnnIA erfgdiodosdos
25BasIp A3[IRH-A3[1eH Aleupalsl
SWOIpuAsS (euziydiod paxtur)
uoswoyl-punuiyioy  euiydiod ojedsiies
SWOIPUAS §,3uULEY300) erkydrodojold
WSITIQI® SNOAURINI0[N30) Q_MWMMM.._—MMEM
swolpuds dnujey onerodolyidig (s31123)
wnsoyuawdid vulIapo1ay seuAydiod saprjaydg 22U
95E3EI(] 10 SHIOQEIR I +34SI] juady auolY WA AL
ulyg [puIouqy +3ydry snousBoxy + 311

»UBW U] J431| 0] SUOI}ILAI |BLLIOUGE JO UOIBIYISSL]D 6 d|qeL



481

PHYSICAL HAZARDS

‘wedef ‘04X0] ‘ssarg oAYDI Jo AusIsarupn

"I SIQEL 'SPA “Te 19 YOWIRdZILI g "L "W pue Siung woyy uossruriad yum PIs(l,

SNISOAWIRULIS(]
snaoerfoy sndigdwag
proutaied jueuSIfe g

uondnia
31 snoydrowAod
BLIEILIN JejOg

(orurasAs

pue SNOAULIND)
snsojewWANAId sndny

epJIE) BIUBIND
euAydiog

snnewaspoloydoiiyd

sisojeIayosod owmnoe
[eroyaxdng pajeuiuassiq
QULIOJIUIIORA BOIPAY
PUE J[BAIISIE COIPAH
(winquns)
adewiep wWys IL[OS AROY

STIOIUE|[IISIN

eIseladuea ],

(BuITyuLIm) Tonel
-uafap SnssI) AATIIULO))
(¢ yewouepw Jweudiep
BuIouldIes [[39 snotuenbg
BWOUIDIED [[30 [Bseq
$350]B19Y IE[OS

afewep umys Je[0s JIUOIYD)

stysejdosu pue
saneIauadag

ISLISIQ 10
UPS [eutiouqy + Y8y

MoqeIR 4 W3y

ady
SNOHAFOXH + 1431

auoly 13T

adiy

(panunuog)

«'UEW U] 3yS1] 0] SUORIEAL [BULIOUGE JO UOKEIYISSE]] 6 9|gEL



482 OCCUPATIONAL DISEASES

units of measurement are defined: pWem™2=microwatts per centimeter
squared; MHz=10° Hz; GHz=10°* Hz; Vsm=volts per meter; and
Asm™ = amperes per meter.

HARMFUL EFFECTS

Effects from exposure to microwave/RF radiation due to heating
have been well documented, but evidence for those occurring in the
absence of a tissue temperature rise is incomplete and in dispute (1-3).

Frey (4) reported an acoustic response which he postulated to be a
direct auditory nerve response to microwaves. The phenomenon occurred
instantaneously in human subjects exposed to power densities as low as
100 uxW-+cm™. This specific effect was perceived as a buzz, ticking, or
knocking, depending upon the pulse width and pulse repetition rate. The
greatest sensitivity was observed in humans within the frequency range
300 MHz to 1200 MHz. The area directly over the temporal lobe of the
brain was identified as the most sensitive area.

More recently Lebovitz (5) proposed that the cochlear hair cell struc-
tures within the vestibulocochlear complex of the human ear could
directly respond to stimulation from pulse modulated microwave radia-
tion. Guy (6) confirmed the reports of human auditory perception of pulse
modulated microwave radiation and demonstrated a similar auditory
response in cats which disappeared when the fluid was removed from
the vestibulo-cochlear complex, Sommer and Von Gierke (7) confirmed
the existence of this specific effect but stated that the effect was due to
electromechanical transduction rather than direct stimulation of neural
fibers or cortical neural tissue.

The possibility that microwave radiation could interact with the
central nervous system (CNS) without detectable heating has been sug-
gested by several investigators (8-18), Osipov (12) feels that some of the
effects which have not been attributed to heating may in fact be due to
microthermal heating. Microthermal heating is very localized and the
temperature rise could not be detected by conventional temperature
measurement techniques. Contrary to the subjective clinical complaints
reported previously, recent studies [Baranski (8)] have used more ob-
jective measurements, better controls, improved statistics, a clearer de-
scription of the experimental design, and well documented experimental
procedures.

In the Soviet and Eastern European literature {19-32), the following
symptoms were reported as associated with 10/20-year exposure to
microwave/RF radiation: headache, increased suspectibility to fatigue,
diminished intellectual capabilities, dullness, partial loss of memory,
decreased sexual ability, irritability, sleepiness and insomnia, and emo-
tional instability. Objective disorders include sweating, hypotension,
dyspnea, pains in the chest, sinus arrhythmias, bradycardia, and other car-
diovascular problems. Electroencephalogram (EEG) recordings and the
associated response times have been shown to be altered by micro-
wave/RF exposure. Responses are characterized by initial excitation
followed by inhibition. Also noted were threshold shifts generally in the
direction of increasing thresholds for sensory perception, increases in the
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latent period of the condition-reflex reaction, and disruption of vegetative
system regulatory and compensatory functions.

Other changes that have been observed are: in the histamine level
in the blood (33-36), decreased cholinesterase Ievels in persons and ani-
mals exposed to microwave/RF radiation (37-43); alterations in the
protein fractions, ions, histamine content, hormone and enzyme levels,
and immunity factors (27,33-37,44-52); leukocytosis (monocytosis,
lymphocytosis, and eosinophilia); recticulocytosis; and thrombocytopenia,

Of particular significance are studies of genetic and reproductive
system effects because of the possible impact in large populations over
long periods of time. One study suggested a possible correlation between
paternal radar exposure and mongoloidism of the progeny (53). Several
occupational studies have suggested possible disturbances in human
reproductive system functions (27,33,54). Animal studies with low in-
tensity exposures report reproductive system disturbances and cases of
detrimental effects on the progeny (55-59).

Changes in menstrual patterns, retarded fetal development, congeni-
tal effects in newborn babies, decreased lactation in nursing mothers,
and an increased incidence of miscarriages for women working with
microwaves have been reported [Marha et al. (60,61]. As a result, Czech-
oslovakian employment practices (60) prohibit women of reproductive
capacity from working with RF radiation sources. Teratogenic effects on
the fetus of a mother treated with RF radiation at the beginning of
pregnancy (62) and impaired embryogenesis in humans and animals,
particularly when RF irradiation occurred during the initial stages of preg-
nancy (63) have been reported. Rubin (64) reported on a case of micro-
wave exposure of the human female pelvis during early pregnancy and
prior to conception. The patient was irradiated during the first 59 days
of pregnancy and aborted on day 67. The author warned against treat-
ing pregnant women with microwave radiation unless a careful menstrual
history is taken (64).

Microwave/RF teratogenic effects have been produced in mealworm
beetle pupae (65, 66), chick embryos (67,68), rats (69), and mice (70).
The teratogenic effects noted in rats (69) were produced following
irradiation at the same frequency (27.12 MHz) where the majority of
RF power sources operate. A single acute RF exposure for ten minutes
at 27.12-MHz between the first and the 16th day of pregnancy was
sufficient to produce teratogenic effects in rats (69). The head, palate,
limbs, tail, and abdomen were malformed following RF irradiation,

Primigravid mice irradiated at 2450 MHz with an accompanying
injection of cortisone on days 11, 12, 13, and 14 of gestation gave birth
to greater numbers of stillborn and deformed fetuses (71). Microwave
irradiation of white CF1 mice at 2450 MHz with a mean absorbed dose
rate of 107 mW/gm for four minutes produced teratogenic effects on
gestation days 3, 4, 8, 10, and 12 (72).

One of the more important bioeffects related to temperature rises
induced by microwave radiation in biological media is cataract forma-
tion (73-81). Kramer et al. (82) concluded that a temperature of at least
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41°C within the rabbit eye behind the lens is needed for cataractogenesis.

Weiter et al. (83) reported that the ascorbic acid content of rabbit
lenses is 2 good index of microwave induced cataracts. The ascorbic
acid content of rabbit lenses decreased with increasing microwave irra-
diation.

Behavioral effects observed after exposure to microwave/RF radia-
tion indicate that the modifications of normal behavior are related to the
increased body thermal burden. Thomas et al. (84) observed that a rat’s
ability to perceive a constant time interval was degraded by irradiation
for times sufficient to cause whole body heating. Hunt et al. (85) found
that irradiation of rats at 2.45 GHz caused a decrease in their ability to
swim a water alley and that errors of omission in performing visual dis-
crimination tests increased immediately following microwave irradiation.
Soviet investigators, however, have concluded that behavioral effects are
not primarily related to whole body heating (86).

A summary of available information on biologic effects and health

hazards was presented in 1974 at an international symposium held in
Warsaw, Poland (87).

Radio Frequencies Below 300 MHz

Previously, it was thought that there were no biclogical effects for
frequencies below 300 MHz (0.3 GHz). In 1977, NIOSH, the United
States Information Agency (USIA), and the United States Air Force
(USAF) funded bioeffects research within the radiofrequency (RF)
band which extends from 10 to 300 MHz in order to evaluate the ac-
curacy of the 1977 standards for this frequency band. Both the ANSI
C95.1 and the OSHA regulations (88) specify a frequency range from
10 MHz to 100 GHz.

Kall (89,90) studied the effects on rats exposed to RF (6 and 21
MHz) fields, similar to those found in the industrial environment. He
noted that the gastrointestinal motor activity increased and cholines-
terase activity decreased significantly. From the results of these studies
on rats, Kall (90) recommended to the USIA that exposure standards
should be modified to specify an electric field strength of 1500 Vem™
and a magnetic field strength of 5 A*m™ for the frequency range from
3 to 30 MHz.

The theoretical data of Lin (91) for a spherical phantom model
simulating man has shown that the magnetic field component of the
RF(1-20MHz) field may be the most hazardous. For RF fields close to
typical RF power sources, the heating of the theoretical human phantom
model due to the magnetic field component can be even larger. These
conditions should be carefully considered when attempting to estimate
the potential hazard from an RF radiation field.

Bawin (92,93) demonstrated EEG changes in cats and increases in
calcium efflux in chicks following exposure to amplitude modulated 147
MHz fields. The amplitude modulation frequency (8-16 MHz) ap-
proached that of physiological bicelectric function rhythms. Further
examples of alterations in circadian rhythms by RF exposure are effects
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on the cell division rate of corneal epithelium (94,95) and changes in
rate of bone marrow cell mitoses (96).

Prince et al. (97) demonstrated that RF fields (10-27 MHz) can
produce a marked increase in lymphocyte mitotic activity 71 hours post-
exposure in monkeys. Lovely et al. (98) reported no in vitro lymph-
ocyte mitotic activity 48 hours following RF exposure of monkeys.

Stavinoha et al.(99) reported that near-field exposures of mice to
19 MHz caused definitive changes in lymphocytes and other white blood
cells. The number of polymorphonuclear leukocytes was significantly
higher and the number of lymphocytes was significantly lower in the
irradiated group as compared with that of the control group. These
alterations in white blood cells could not be duplicated in animals ex-
posed in a hot air oven which elevated the colonic temperature the same
amount as the RF field exposures. Czerski (96) showed alterations in
the diurnal rhythm of peripheral white blood cells and granulocyte pre-
cursor mitoses in Guinea pig bone marrow. The results suggest a cumu-
lative effect on the lymphatic system associated with decreased antibody
production. This would imply that employees exposed to RF radiation
might be more susceptible to infection and more susceptible to allergies
encountered in the work environment.

The immunosuppressive and anti-lymphocytic actions of the ad-
renal glucocorticoids are well known. It is possible that immunologic
effects caused by microwave /RF ficlds are related to glucocorticoid
levels. Guillet et al. (100) reported the concentration of adrenal glu-
cocorticoids in the blood increased following microwave irradiation.

Bollinger =t al. (10!) demonstrated that the uptake of H-3 Thymi-
dine by lymphocytes isolated from mice exposed to RF fields ranged
from 2.5 to 5 times that of control animals, Frazer (102) reported that
the proportion of rat lymphocytes fell to 48.5% following RF irradia-
tion. The total segmenters increased from 27.8 to 46.8%. It is not
known whether these results indicate a direct effect on the cell population
or an indirect thermal interaction followed by a rapid endocrine re-
sponse. Froehlich (103) has shown that these effects could occur at
the molecular level by either mechanism. Cody et al. (104) demon-
strated alterations in the molecular spectra of biologically significant
compounds, such as RNA, when exposed to RFE radiation.

It is important to consider data which show that the distribution
and magnitude of the absorbed power, hence the expected biclogical ef-
fects, varied greatly with exposure conditions. Bussey (105) found that
the field intensity and distribution are markedly different in rats and pri-
mates. Guy et al. (106) measured ficld distributions in realistic models
of man. The distribution of absorbed power in models of man was highly
non-uniform with maximum power absorption (and associated localized
temperature rises) occurring in the following locations: axilla, gonads,
perineum, lateral thorax, ankles, sternum, forearms, tibia and fiibula,
knees, neck, clavicle, shoulders and back. Persons industrially exposed
to RF have complained of sensations of warming in many of the above
mentioned locations.
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Research (107-108) has indicated that the maximum amount of
microwave/RF radiation is absorbed within the RF frequency range of
approximately 25-26 MHz. Thus, consideration of the results of hy-
perthermia in the anatomical locations specified by Guy (106) should
be of great interest.

For microwave/RF bioeffects dependent on power absorption,
human RF exposures from approximately 25-26 MHz represent the
greatest potential hazard. Industrial RF exposure measurements per-
formed by NIOSH (109,110) show that the vast majority of industrial
RF sources operate from 10-40 MHz and that more than 70% of the
sources surveyed exceeded applicable personnel RF exposure standards.

POTENTIAL OCCUPATIONAL EXPOSURES

The following is a list of occupations with specific activities and/or
products in which microwave/RF radiation is present and may be a
potential hazard.

Automotive workers
Drying of trim base panels
Embossing of heel pads to carpets
Heat-sealing body interior trim panels
Heat-sealing upholstery covers for seats and backs
Heat-sealing convertible tops
Food products workers
Finish-drying of “polishing” baked goods
Inhibiting enzyme action
Melting chocolate prior to tempering
Thawing frozen baked goods
Furniture and wood workers
Decking assembly
Door lamination
Fiberboard fabrication
Laminated beams
Lumber edge gluing
Plywood panel patching
Plywood or particleboard scarf gluing
Posts
Rafters
Ski lamination
Veneer panel gluing
Glass fiber workers
Drying glass fibers on forming tubes
Drying roving packages
Drying and curing sizing on machine packages
Prying coatings on continuously moving strands
Paper product workers
Correcting moisture profile on continuously moving webs
Drying twisted twine packages
Drying resin coatings
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Paper product workers (cont.)
Gluing paper
Heating coating on continuous webs

Plastic heat-sealing workers
Acetate box covers
Advertising novelties
Appliance covers
Aprons
Baby Pants
Beach Balls
Belts and suspenders
Blister packages
Book covers
Capes
Check book covers
Charge cards
Convertible tops
Cushions
Diaper bags
Display boxes
Electric blankets
Food packages
Fountain pens
Garment bags
Gas masks
Goggles (industrial)
Hand bags
Hat covers
Index cards
Lampshades
Liquid containers
Luggage
Machine covers
Mattress covers
Milk cartons
Oxygen tents
Packages
Pharmaceuticals
Pillow cases
Pillow packages
Plastic gloves
Pool liners
Protective clothing
Rain apparel
Racquet bags
Refrigerator bags
Shoes
Shoe bags
Shower curtains
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Slip covers

Splatter mats

Sponge backings

Sport equipment

Tobacco pouches

Toys

Travel cases

Unmbrellas

Wallets

Waterproof containers

Wire terminal covers
RF/microwave application workers

Advertising — RF excited gas display signs

Ceramics — dry ceramic bodies

Chemical — chemical activation

Electronics — tube aging and testing

Laser — RF excited gas lasers

Medical-diathermy

Scientific equipment — low temperature ashing of samples

Tobacco — dry blended tobacco and dry cigars

Welding — RF stabilized welders
Rubber products workers

Drying latex foams

Gelling latex foams

Preheating prior to molding

Preheating prior to curing latex foams
Textile workers

Drying rayon cake packages

Drying wound packages

Drying impregnated or coated yarns

Drying slasher coatings

Drying continuous webs
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LASER

The word laser is an acronym for “light amplification by stimulated:
emission of radiation.” Lasers operate in the infrared and ultraviolet as
well as visible regions. The name is descriptive of the physical "?rinciple
involved in the production of the radiation. By stimulating or forcing
atoms to emit photons, the resultant laser beam is coherent. This means
that the photons in the beam are monochromatic and are in phase with
each other. Since the laser beam is highly coherent it diverges slowly,
maintains its divergency over a long distance, and has a high radiant
exposure. As a result of these properties, laser light differs considerably
from visible light.

At one time shortly after the development of the first working model
in 1960, the laser was referred to as a solution looking for a problem.
This situation has changed. By 1975 the development and marketing of
new laser devices had resulted in the availability of almost 2500 models
from 175 manufacturers and distributors. The most common lasers are
shown in Table 10.

HARMFUL EFFECTS

The laser by virtue of its design is able to concentrate a large amount
of energy in a small cross-sectional area. Consequently, individuals work-
ing with such devices encounter a potential hazard. The critical organs
are the eye and skin and the resulting biological effects are similar to
those produced by conventional optical radiation sources. Since energy
must be absorbed to produce an effect, the degree of injury depends upon
the wavelength of the laser and the capacity of the tissue to absorb
energy of that particular wavelength.

The primary hazard from laser exposure is ocular damage. Over-
exposure of skin varies from a mild erythema to blisters and charring.
Chronic or repeated exposures to laser radiation may have a long-term
effect, but this is: normally discounted.

Infrared radiation (700-1400 nm) has also been implicated as a
cataractogenic agent. Overexposure to UV laser radiation can result in
keratoconjunctivitis. Cataracts can be induced by UV lasers operating in
the 300-400 nm range. Infrared lasers (1400 nm to 1 mm)present a
corneal hazard only.

PERSONAL PROTECTIVE METHODS

If the radiation levels are kept below those injurious to the eye, other
tissues will not be harmed. The thresholds for skin and ocular damage
are the same for both UV radiation and for IR (1400 nm — 1mm)ranges.
It is assumed that both organs are equally sensitive. The visible and
near IR wavelengths (400-1400 nm) are readily transmitted through
the ocular media to the retina. Not only is this radiation transmitted,
it is focused by the lens onto the fovea centralis which concentrates the
energy onto a very small spot.

Thus, in this spectral region, the eye (retina) is far more sensitive
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Table 10. Common laser devices and applications.

Type Wavelength(s) Applications
Argon (Ar) 458-515 nm alignment
surveying
instrumentation
halography
photocoagulation
Carbon 10.6 um material processing
dioxide (CO,) optical radar
instrumentation
surgery techniques
Dye variable instrumentation
Gallium 850-950 nm instrumentation
arsenide (GaAs) ranging
intrusion detection
communications
Helium 325,442 nm alignment
cadmium (HeCd) surveying
Helium 632.8 nm alignment
neon (HeNe) surveying
halography
ranging
intruston detection
communications
Neodymium glass 106 ym material processing
(Nd glass) instrumentation
Neodymium YAG optical radar
(Nd YAG) surgery
Ruby 694.3 nm material processing

holography
photocoagulation
ranging
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than the skin by several orders of magnitude, and even a diffuse reflection
from a high power laser can present an ocular hazard. An action spec-
trum has been recently developed to account for the variation in retinal
sensitivity with wavelength for exposure times greater than 10 seconds.
The minimum threshold dose for retinal lesions occurs at 440 nm and
is thought to be due to a photochemical process rather than to a thermal
mechanism as in wavelengths greater than 500 nm,

POTENTIAL OCCUPATIONAL EXPOSURES

Lasers are used in many diverse situations such as drilling holes in
metals and baby bottle nipples, cutting diamonds, aligning wings on air-
planes, repairing detached retinas, and taking three-dimensicnal pictures.
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